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ANTI-EPCAM ANTIBODIES AND METHODS ( 

Cross-reference to Related Applications 
[0001] This application claims priority to U.S. Provisional Application No. 

61/885,817 filed on October 2, 2013, and to U.S. Provisional Application No. 62/030,805 
filed on July 30,2014, each of which are hereby incorporated by reference in their entireties. 

Brief Summary of the Invention 
[0002] The present disclosure is related to antibodies and immunoconjugates that 

potentially lack T-cell epitopes and elicit reduced immune response. In one embodiment, an 
antibody may comprise a heavy chain having an amino acid sequence selected from SEQ ID 
NO: 1, SEQ ID NO: 11, SEQ ID NO: 31, or SEQ ID NO: 32; and a light chain having an 
amino acid sequence selected from SEQ ID NO: 2 or SEQ ID NO: 12. In some 

embodiments, the antibody may be an antibody fragment such as Fab, Fab', F(ab')2, scFv, 
dsFv, ds-scFv, dimers, minibodies, diabodies, bispecific antibody fragments, non-
immunoglobulin scaffolds, multimers, and any combination thereof. In a further 
embodiment, the antibody may bind to an antigen epithelial cell adhesion molecule 

(EpCAM). In additional embodiments, a composition may include the antibody described 
herein and a pharmaceutically acceptable excipient, carrier, buffer or stabilizer. 

[0003] In another embodiment, an immunoconjugate may comprise an antibody (or 
fragment thereof) attached to an effector molecule, wherein the antibody may have a heavy 
chain with an amino acid sequence selected from SEQ ID NO: 1, SEQ ID NO: 11, SEQ ID 
NO: 31, or SEQ ID NO: 32; and a light chain with an amino acid sequence selected from 
SEQ ID NO: 2 or SEQ ID NO: 12. In other embodiments, the effector molecule may be a 
radioisotope, an antineoplastic agent, an immunomodulator, a biological response modifier, 
lectin, a toxin, a chromophore, a fluorophore, a chemiluminescent compound, an enzyme, a 
metal ion, and any combination thereof. 

[0004] In an additional embodiment, a method of treating a subject with cancer may 
comprise administering a therapeutically effective amount of an immunoconjugate 
comprising an antibody attached to an effector molecule, wherein the antibody comprises a 
heavy chain having an amino acid sequence selected from SEQ ID NO: 1, SEQ ID NO: 11, 

SEQ ID NO: 31, or SEQ ID NO: 32; and a light chain having an amino acid sequence 
selected from SEQ ID NO: 2 or SEQ ID NO: 12. In some embodiments, the effector 
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molecule may be radioisotopes, antineoplastic agents, immunomodulators, biological 
response modifiers, lectins, toxins, a chromophore, a fluorophore, a chemiluminescent 
compound, an enzyme, a metal ion, and any combination thereof. In certain embodiments, 
the method may further comprise detecting or imaging the immunoconjugate in the subject. 
In further embodiments, the method may further comprise removing cancerous tissue from 
the subject that is detected or imaged. 

[0005] In a further embodiment, a method of diagnosing, detecting or monitoring 
cancer in a subject may comprise contacting a test sample taken from said subject with an 
antibody to form an antibody-antigen complex, wherein the antibody comprises a heavy 

chain amino acid sequence selected from SEQ ID NO: 1, SEQ ID NO: 11, and a light chain 
having amino acid sequence selected from SEQ ID NO: 2 and SEQ ID NO: 12; measuring 
the amount of antibody-antigen complex in the test sample; and normalizing the results 
against a control is provided. 

[0006] In another embodiment, a method of diagnosing, detecting or monitoring 
cancer in a subject may involve administering to the subject an antibody comprising a heavy 
chain having an amino acid sequence selected from SEQ ID NO: 1, SEQ ID NO: 11, SEQ ID 
NO: 31, or SEQ ID NO: 32; and a light chain having an amino acid sequence selected from 

SEQ ID NO: 2 or SEQ ID NO: 12; and detecting the antibody in the subject. 
[0007] In another embodiment, a kit for diagnosing, detecting, or monitoring cancer 

may include an antibody having a heavy chain amino acid sequence selected from SEQ ID 
NO: 1, SEQ ID NO: 11, SEQ ID NO: 31, or SEQ ID NO: 32; and a light chain having amino 
acid sequence selected from SEQ ID NO: 2 or SEQ ID NO: 12, and instructions for the use 

thereof. 
[0008] In another embodiment, a method of imaging a tumor in a subject may involve 

administering to the subject an antibody comprising a heavy chain having an amino acid 
sequence selected from SEQ ID NO: 1, SEQ ID NO: 11, SEQ ID NO: 31, or SEQ ID NO: 32; 
and a light chain having an amino acid sequence selected from SEQ ID NO: 2 or SEQ ID 
NO: 12; and detecting the antibody by in vivo imaging. 

Description of Drawings 
[0009] FIG. 1 is a schematic of an embodiment of the present invention, in particular 

de-immunized VB5-845 Fab fragment (VB5-845-DI), as well as VB5-845 non-de-immunized 

Fab fragment (VB5-845-WT). 
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[0010] FIG. 2 shows the analysis of sequence V'n-WT (VH-wild type) using iTope™. 

Regions containing potentially immunogenic peptides are indicated in the "Promiscuous 

High" and "Promiscuous Moderate" rows. 

[0011] FIG. 3 shows analysis of sequence VR-DI (VH-deimmunized) using iTope™. 

Regions containing potentially immunogenic peptides are indicated in the "Promiscuous 

High" and "Promiscuous Moderate" rows. 

[0012] FIG. 4 shows analysis of sequence VL-WT (VL-wild-type) using iTope™. 

Regions containing potentially immunogenic peptides are indicated in the "Promiscuous 

High" and "Promiscuous Moderate" rows. 

[0013] FIG. 5 shows analysis of sequence VL-DI (VL-deimmunized) using iTope™. 

Regions containing potentially immunogenic peptides are indicated in the "Promiscuous 

High" and "Promiscuous Moderate" rows. 

[0014] FIG. 6 shows analysis of sequences VL-DI and VL-DIF (VL-DI plus additional 

C-terminal) spanning the single amino acid change using iTope™. 

[0015] FIG. 7 displays binding specificity of VB5-845-DI and VB5-845-WT against 

EpCAM-positive Cal-27 and EpCAM-negative A-375, as measured by flow cytometry. 

[0016] FIG. 8 shows dose-dependent binding of VB5-845-DI to EpCAM-positive 

H&N squamous cell carcinoma cell line Cal27. Binding is expressed as the mean fold-

increase in median fluorescence over the PBS control, by flow cytometry. 

[0017] FIG. 9 shows binding affinity of the VB5-845-WT and VB5-845-DI against 

Cal-27 cells, as measured by flow cytometry. 

[0018] FIG. 10 shows competition assays between VB5-845 variants and VB6-845 

by flow cytometry. 

[0019] FIG. 11 depicts the nucleotide and amino acid sequence of VB5-845-DI. 

[0020] FIG. 12 shows alignment of VR and VL domains of VB5-845-WT and VB5-

845 -DI, with Kabat numbering. 

[0021] FIG. 13 discloses VB6-845 Competition assay with VB5-845-Algo (open 

circle). Black circle and black triangle correspond to VB5-845-WT and VB4-845, 

respectively. 

[0022] FIG. 14 shows Western blot analysis of VB5-845-Algo serum stability. Lanes 

1 to 4 correspond to VB5-845-WT at 0, 3, 6 and 24 hours. Lanes 5 to 8 to VB5-845-Algo 0, 

3, 6 and 24 hours. Lane 9 is human serum only. L: Ladder and C: Control. 
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[0023] FIG. 15 shows thermo-stability of VB5-845-WT (grey) and VB5-845-Algo 

(black), expressed as a % of the 0 hour of an average duplicate. 

[0024] FIG. 16 shows the immunogenicity profile of the VB5-845-Algo as measured 

by the proliferation of CD3+CD4+ T cell assays. 

[0025] FIG. 17 shows alignment of VR and VL domains of VB5-845-WT and VB5-

845 Algo, with Kabat numbering. 

Detailed Description 

[0026] This invention is not limited to the particular processes, compositions, or 

methodologies described, as these may vary. The terminology used in the description is for 

the purpose of describing the particular versions or embodiments only, and is not intended to 

limit the scope of the present invention. Unless defined otherwise, all technical and scientific 

terms used herein have the same meanings as commonly understood by one of ordinary skill 

in the art. Nothing herein is to be construed as an admission that the invention is not entitled 

to antedate such disclosure by virtue of prior invention. 

[0027] Singular forms "a", "an", and "the" include plural reference unless the context 

clearly dictates otherwise. Thus, for example, reference to an "antioxidant" is a reference to 

one or more antioxidants and equivalents thereof known to those skilled in the art, and so 

forth. 

[0028] The term "about" means plus or minus 10% of the numerical value of the 

number with which it is being used. Therefore, about 50% means in the range of 45%-55%. 

[0029] The term "animal," "patient," or "subject" as used herein includes, but is not 

limited to, humans and non-human vertebrates such as wild, domestic and farm animals. 

[0030] "Antibody fragments" that may be used include Fab, Fab', F(ab')2, scFv, dsFv, 

ds-scFv, dimers, minibodies, diabodies, bispecific antibody fragments, multimers, and any 

combination thereof, and fragments from recombinant sources and/or produced in transgenic 

animals. The antibody or fragment may be from any species including mice, rats, rabbits, 

hamsters and humans. Chimeric antibody derivatives, i.e., antibody molecules that combine 

a non-human animal variable region and a human constant region are also contemplated 

within the scope of the invention. Chimeric antibody molecules can include, for example, 

humanized antibodies which comprise the antigen binding domain from an antibody of a 

mouse, rat, or other species, with human constant regions. Conventional methods may be 

used to make chimeric antibodies. It is expected that chimeric antibodies would be less 
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immunogenic in a human subject than the corresponding non-chimeric antibody. The 

humanized antibodies can be further stabilized for example as described in WO 00/61635 and 

is incorporated by reference in its entirety. 

[0031] "Anticancer agents" refers to compounds or treatments that are effective in 

treating or preventing cancer including, without limitation, chemical agents, other 

immunotherapeutics, cancer vaccines, anti-angiogenic compounds, certain cytokines, certain 

hormones, gene therapy, radiotherapy, surgery, and dietary therapy. 

[0032] "De-immunized" refers to a molecule that lacks or elicits reduced immune 

response when compared to the wild type counterpart. 

[0033] "De-immunized antibodies" or "de-immunized antibody fragments" refers to 

antibodies and antibody fragments that lack one or more T-cell epitopes and elicit reduced 

immune response when compared to the wild type counterpart. 

[0034] ' 'De-immunized VB5-845" refers to Fab fragment of EpCAM antibody 

wherein the putative T-cell epitopes on the VR domain and the VL domain are mutated and 

might result in eliciting a reduced immune response when compared to the non-deimmunized 

Fab fragment VB5-845 (VB5-845-WT). De-immunized VB5-845 Fab fragment (VB5-845-

DI) comprises a de-immunized VH-CR domain (SEQ ID NO: 1) and a de-immunized VL-CL 

domain (SEQ ID NO: 2). The non-deimmunized VB5-845 Fab fragment (VB5-845-WT) 

comprises a wild type VH-CR domain (SEQ ID NO: 5) and a wild type VL-CL domain (SEQ 

ID NO: 6). 

[0035] "Effective amount" or "therapeutically effective amount" means an amount 

effective, at dosages and for periods of time necessary to achieve the desired result. Effective 

amounts of an immunoconjugate may vary according to factors such as the disease state, age, 

sex, weight of the animal. Dosage regimen may be adjusted to provide the optimum 

therapeutic response. For example, several divided doses may be administered daily or the 

dose may be proportionally reduced as indicated by the exigencies of the therapeutic 

situation. 

[0036] "Humanized antibody or antibody fragment" means that the antibody or 

fragment comprises human framework regions. 

[0037] "Immunoconjugate" refers to an antibody or fragment thereof conjugated to an 

effector molecule. In some embodiments, the antibody may be full length antibody or 

antibody fragments, such as Fab, Fab', F(ab')2, scFv, dsFv, ds-scFv, dimers, minibodies, 

diabodies, bispecific antibody fragments, multimers, and any combination thereof, and 
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fragments from recombinant sources and/or produced in transgenic animals. In some 

embodiments, the antibody may be a synthetic protein, a binding protein or a polypeptide. In 

some embodiments, the effector molecule may be a toxin, a radionucleotide, a 

radiopharmaceutical, a labeling agent, a drug, a cytotoxic agent, a peptide, a protein and the 

like. These effector molecules may be capable of killing, lysing or labeling or inducing other 

effects when the antibody binds to an antigen. 

[0038] "Reduced propensity to elicit an immune response" as used herein means that 

the modified EpCAM antibody or the antibody fragment is less immunogenic than non-

modified EpCAM antibody. 

[0039] "Immune response" includes both cellular and humoral immune responses. 

[0040] The term "is administered directly to the cancer site" refers to direct or 

substantially direct introduction including, without limitation, single or multiple injections of 

the immunoconjugate directly into the tumor or peritumorally, continuous or discontinuous 

perfusion into the tumor or peritumorally, introduction of a reservoir into the tumor or 

peritumorally, introduction of a slow-release apparatus into the tumor or peritumorally, 

introduction of a slow-release formulation into the tumor or peritumorally, direct application 

onto the tumor, direct injection into an artery that substantially directly feeds the area of the 

tumor, direct injection into a lymphatic vessel that substantially drains into the area of the 

tumor, direct or substantially direct introduction in a substantially enclosed cavity (e.g., 

pleural cavity) or lumen (e.g., intravesicular). "Peritumoral" is a term that describes a region, 

within about 10 cm, preferably within 5 cm, more preferably within 1 cm, of what is regarded 

as the tumor boundary, such as, but not limited to, a palpable tumor border. "Direct 

administration" in the context of prevention of occurrence or prevention of recurrence is 

defined as administration directly into a site at risk for development or recurrence of a cancer. 

[0041] "Pharmaceutically acceptable" refers to general clinical use and/or approval 

by a regulatory agency of the Federal or state government, listing in the United States 

Pharmacopoeia, or general acceptance by those skilled in the relevant art. 

[0042] "Physiologic conditions" for antibody binding reflect but do not necessarily 

exactly duplicate the conditions in which an EpCAM-binding polypeptide would encounter 

an EpCAM molecule in vivo. Binding under physiologic conditions should be reasonably 

predictive that binding in vivo will occur. 

[0043] "Preventing cancer" refers to prevention of cancer occurrence. In certain 

instances, the preventative treatment reduces the recurrence of the cancer. In other instances, 
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preventative treatment decreases the risk of a patient from developing a cancer, or inhibits 
progression of a pre-cancerous state (e.g. a colon polyp) to actual malignancy. 

[0044] "Reduced dose" refers to a dose that is below the normally administered 
and/or recommended dose. The normally administered dose of an anticancer agent can be 
found in reference materials well known in the art such as, for example, the latest edition of 
the Physician's Desk Reference. 

[0045] "Treating cancer" refers to inhibition of cancer cell replication, apoptosis, 
inhibition of cancer spread (metastasis), inhibition of tumor growth, reduction of cancer cell 
number or tumor growth, decrease in the malignant grade of a cancer (e.g., increased 

differentiation), or improved cancer-related symptoms. 
[0046] "Therapeutic" means an agent utilized to discourage, combat, ameliorate, 

prevent or improve an unwanted condition, disease or symptom of a patient. 
[0047] "Variant" refers to any pharmaceutically acceptable derivative, analogue, or 

fragment of an immunoconjugate, an antibody or antibody fragment, a toxin (e.g., 
Pseudomonas toxin), or an effector molecule described herein. A variant also encompasses 
one or more components of a multimer, multimers comprising an individual component, 
multimers comprising multiples of an individual component (e.g., multimers of a reference 

molecule), a chemical breakdown product, and a biological breakdown product. In particular, 
non-limiting embodiments, an immunoconjugate may be a "variant" relative to a reference 

immunoconjugate by virtue of alteration(s) in the EpCAM-binding portion and/or the toxin 
portion of the reference immunoconjugate. For example, a variant immunoconjugate may 
contain multimers of the antibody portion and/or the toxin portion. A variant of the toxin 

portion of the molecule retains toxicity of at least 10%, at least 30%, at least 50%, at least 
80%, at least 90%, in a standard assay used to measure toxicity of a preparation of the 
reference toxin. In some embodiments, a variant may also refer to polypeptides having at 
least 50%, at least 60%, at least 70%, at least 80%, at least 90%, or 95% sequence identity to 
the immunoconjugate of the present invention. In some embodiments, a variant antibody 
may refer to polypeptides or proteins having at least 30%, at least 60%, at least 70%, at least 
80%, at least 90%, or 95% sequence identity of the antibody of the present invention. In 
some embodiments, a variant antibody or the immnunoconjugate may refer to polypeptides or 
proteins having at least 30%, at least 60%, at least 70%, at least 80%, at least 90%, or 95% 
binding affinity of the antibody of the present invention when measured by a competitive 

binding assay. 
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[0048] A variant immunoconjugate having a variation of the EpCAM-binding portion 
of the reference immunoconjugate competes with the binding of an anti-EpCAM reference 
antibody, under physiologic conditions, by at least 10 percent and preferably at least 30 
percent (and see infra). Competition by 10 percent means that, in an assay where a saturating 
concentration of anti-EpCAM reference antibody is bound to EpCAM, 10 percent of these 
bound reference antibodies is displaced when equilibrium is reached with an equivalent 
concentration of the variant anti-EpCAM immunoconjugate. As a non-limiting example, 
competition between antibodies, or between an antibody and an immunoconjugate, is 
measured by binding labeled anti-EpCAM reference antibody to EpCAM on the surface of 

cells or to an EpCAM-coated solid substrate, such that virtually all EpCAM sites are bound 
by the antibody, contacting these antibody-antigen complexes with unlabeled test anti-
EpCAM antibody or unlabeled test immunoconjugate, and measuring the amount of labeled 
antibody displaced from EpCAM binding sites, wherein the amount of freed, labeled 
antibody indicates the amount of competition that has occurred. 

[0049] "VB5-845" refers to a Fab fragment of EpCAM antibody without toxin 
conjugate. 

[0050] "VB6-845" refers to a Fab fragment of EpCAM antibody genetically linked to 

a modified bouganin protein (deBouganin) toxin. 
[0051] "4D5MOC-B" or "4D5" means the humanized scFv MOC31 antibody grafted 

onto the artificial human consensus framework of scFv 4D5 as described in WO 00/61635 
which is incorporated herein by reference in its entirety. 4D5MOC-B is represented by SEQ 
ID NO: 8. "MOC-31 antibody" means the murine anti-EpCAM or anti-EGP-2 antibody and 

is available from commercial sources such as BioGenex, Cat No. MU316-UC, Zymed 
Laboratories Inc., Cat No. 18-0270 or United States Biological, Cat No. M4165. 

[0052] Immunotherapy has emerged as a powerful tool to combat cancer. Murine and 
humanized/chimeric antibodies, and their respective antibody fragments, directed against 
tumor-associated antigens ("TAAs") have been used for diagnosis and therapy of certain 
human cancers. Unconjugated, toxin-conjugated, and radiolabeled forms of these antibodies 
have been used in such therapies. 

[0053] One tumor associated antigen of interest for immunotherapy is Epithelial Cell 
Adhesion Molecule (EpCAM) which is also known as 17-1 A, KSA, EGP-2 and GA733-2. 
EpCAM is a transmembrane protein that is highly expressed in many solid tumors, including 

carcinomas of the lung, breast, ovary, colorectal, and squamous cell carcinoma of the head 
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and neck, but weakly expressed in most normal epithelial tissues. Its expression correlates 

with the rate of cellular proliferation. EpCAM-specific antibodies have been used to image 

and detect primary tumors and metastases in patients with small cell lung cancer and non-

small cell lung cancer. 

[0054] There are many instances whereby the efficacy of a therapeutic protein is 

limited by an unwanted immune reaction to the therapeutic protein. Several mouse 

monoclonal antibodies have shown promise as therapies in a number of human disease 

settings, but in certain cases, have failed due to the induction of significant degrees of a 

human anti-murine antibody (HAMA) response. For monoclonal antibodies, a number of 

techniques have been developed in attempt to reduce the HAMA response. These 

recombinant DNA approaches have generally reduced the mouse genetic information in the 

final antibody construct whilst increasing the human genetic information in the final 

construct. Notwithstanding, the resultant "humanized" antibodies have, in several cases, still 

elicited an immune response in patients. 

[0055] The key to the induction of an immune response is the presence within the 

protein of peptides that can stimulate the activity of T-cells via presentation on MHC class II 

molecules, so-called "T-cell epitopes". Such T-cell epitopes are commonly defined as any 

amino acid residue sequence with the ability to bind to MHC Class II molecules. Implicitly, 

a "T-cell epitope" means an epitope, which when bound to MHC molecules, can be 

recognized by a T-cell receptor (TCR), and which can, at least in principle, cause the 

activation of these T-cells by engaging a TCR to promote a T-cell response. Thus, it is 

desirable to identify and to remove T-cell epitopes from antibodies and antibody fragments 

and to develop better antibody/antibody fragments that elicit reduced immune response. 

Antibodies 

[0056] Disclosed herein are de-immunized antibodies and de-immunized antibody 

fragments that bind to a cancer cell antigen. In some embodiments, the antigen may be 

EpCAM. In some embodiments, the antibody may have a heavy chain with an amino acid 

sequence of SEQ ID NO: 1, SEQ ID NO: 11, SEQ ID NO: 31, or SEQ ID NO: 32; and alight 

chain with an amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 12. The antibody may 

be full length antibody or antibody fragments, such as Fab, Fab', F(ab')2, scFv, dsFv, ds-

scFv, dimers, minibodies, diabodies, bispecific antibody fragments, multimers, and any 

combination thereof. 
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[0057] In some embodiments, the antibodies described herein may have a heavy chain 
with an amino acid sequence of SEQ ID NO: 1, and a light chain with an amino acid 
sequence of SEQ ID NO: 2. In some embodiments, the antibodies described herein may 
have a heavy chain with an amino acid sequence of SEQ ID NO: 11, and a light chain with an 
amino acid sequence of SEQ ID NO: 12. In some embodiments, the antibodies described 
herein may have a heavy chain with an amino acid sequence of SEQ ID NO: 1, and a light 
chain with an amino acid sequence of SEQ ID NO: 12. In some embodiments, the 
antibodies described herein may have a heavy chain with an amino acid sequence of SEQ ID 
NO: 11, and a light chain with an amino acid sequence of SEQ ID NO: 2. In some 

embodiments, the antibodies described herein may have a heavy chain with an amino acid 
sequence of SEQ ID NO: 31, and a light chain with an amino acid sequence of SEQ ID NO: 
2. In some embodiments, the antibodies described herein may have a heavy chain with an 
amino acid sequence of SEQ ID NO: 31, and a light chain with an amino acid sequence of 
SEQ ID NO: 12. In some embodiments, the antibodies described herein may have a heavy 
chain with an amino acid sequence of SEQ ID NO: 32, and a light chain with an amino acid 
sequence of SEQ ID NO: 2. In some embodiments, the antibodies described herein may 
have a heavy chain with an amino acid sequence of SEQ ID NO: 32, and a light chain with an 

amino acid sequence of SEQ ID NO: 12. 
[0058] In some embodiments, the sequences of the light chain and the heavy chain 

fragments may be modified or replaced with other amino acids such that the antibody elicits 
reduced immune response in humans. For making humanized antibody or antibody 
fragments, any method known in the art may be used. For example, human antibody 

fragments can be obtained by screening human antibody libraries. Another solution is to 
transplant the specificity of a non-human monoclonal antibody by grafting the CDR regions 
onto a human framework. In an improvement of said technique, humanized antibodies or 
antibody fragments with improved binding behavior can be produced by incorporating 
additional residues derived from said non-human antibody. In addition to achieving 
humanization, techniques to "repair" antibody fragments with suboptimal stability and/or 
folding or yield may be used by grafting the CDRs of a scFv fragment with the desired 
binding affinity and specificity onto the framework of a different, better behaved scFv. Such 
methods for making humanized antibodies or antibody fragments are well known in the art 
and include, by way of example, production in SCID mice, and in vitro immunization. 
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[0059] In some embodiments, the antibody fragment may be Fab, and the light chain 

and the heavy chain are linked by a covalent bond. In some embodiments, the covalent 

linkage may be disulfide bond. In some embodiments, the covalent linkage may be through 

chemical crosslinkers, such as dimethyl adipimidate, dimethyl suberimidate, and the like. In 

some embodiments, amino acid crosslinkers, such as (Gly4-Ser)n may be used. The 

sequences of the light chain and the heavy chain described herein may be used to derive scFv, 

diabodies, tribodies, tetrabodies, and the like. Various protein linking strategies may be used 

to produce bivalent or bispecific Fab and scFvs, as well as bifunctional Fab and scFv fusions. 

[0060] The antibody fragments described herein may be cloned and expressed in E. 

coli in a biologically functional form. Antibodies and antibody fragments may also be 

produced by recombinant DNA technology using either bacterial or mammalian cells. 

[0061] In some embodiments, affinity maturation process may be used whereby the 

binding specificity, affinity or avidity of the antibody described herein can be modified. A 

number of laboratory techniques have been devised whereby amino acid sequence diversity is 

created by the application of various mutation strategies, either on the entire antibody 

fragment or on selected regions such as the CDRs. 

[0062] In some embodiments, the variant amino acid sequences of the heavy chain 

and the light chain have at least 50%, preferably at least 60%, more preferably at least 70%, 

most preferably at least 80%, even more preferably at least 90%, and even most preferably 

95% sequence identity to SEQ ID NOS: 1 and 2, respectively. In other embodiments, the 

variant amino acid sequences of the heavy chain and the light chain have at least 50%, 

preferably at least 60%, more preferably at least 70%, most preferably at least 80%, even 

more preferably at least 90%, and even most preferably 95% sequence identity to SEQ ID 

NOS: 11 and 12, respectively. 

Immunoconiugates 

[0063] In some embodiments, immunoconjugates are provided. In some 

embodiments, the immunoconjugate disclosed herein may be an antibody attached to an 

effector molecule, wherein the antibody comprises a heavy chain having an amino acid 

sequence of SEQ ID NO: 1, SEQ ID NO: 11, SEQ ID NO: 31, or SEQ ID NO: 32; and alight 

chain having an amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 12. In some 

embodiments, the antibody may be an antibody fragment, such as Fab, Fab', F(ab')2, scFv, 

dsFv, ds-scFv, dimers, minibodies, diabodies, bispecific antibody fragments, multimers, and 
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any combination thereof. The antibody or the antibody fragment may be any of the de-

immunized antibodies or de-immunized antibody fragments disclosed herein. 

[0064] In some embodiments, the antibody in the immunoconjugate may have a 

heavy chain with an amino acid sequence of SEQ ID NO: 1, and a light chain with an amino 

acid sequence of SEQ ID NO: 2. In some embodiments, the antibody in the 

immunoconjugate may have a heavy chain with an amino acid sequence of SEQ ID NO: 11, 

and a light chain with an amino acid sequence of SEQ ID NO: 12. In some embodiments, the 

antibody in the immunoconjugate may have a heavy chain with an amino acid sequence of 

SEQ ID NO: 1, and a light chain with an amino acid sequence of SEQ ID NO: 12. In some 

embodiments, the antibody in the immunoconjugate may have a heavy chain with an amino 

acid sequence of SEQ ID NO: 11, and a light chain with an amino acid sequence of SEQ ID 

NO: 2. In some embodiments, the antibodies described herein may have a heavy chain with 

an amino acid sequence of SEQ ID NO: 31, and a light chain with an amino acid sequence of 

SEQ ID NO: 2. In some embodiments, the antibodies described herein may have a heavy 

chain with an amino acid sequence of SEQ ID NO: 31, and a light chain with an amino acid 

sequence of SEQ ID NO: 12. In some embodiments, the antibodies described herein may 

have a heavy chain with an amino acid sequence of SEQ ID NO: 32, and a light chain with an 

amino acid sequence of SEQ ID NO: 2. In some embodiments, the antibodies described 

herein may have a heavy chain with an amino acid sequence of SEQ ID NO: 32, and a light 

chain with an amino acid sequence of SEQ ID NO: 12. 

[0065] In the embodiments described herein, the effector molecule may be 

radioisotopes, antineoplastic agents, immunomodulators, biological response modifiers, 

lectins, toxins, a chromophore, a fluorophore, a chemiluminescent compound, an enzyme, a 

metal ion, and any combination thereof. In some embodiments, the effector molecule may be 

a toxin, such as abrin, modeccin, viscumin, gelonin, bouganin, modified or de-immunized 

bouganin protein (deBouganin), saporin, ricin, ricin A chain, bryodin, luffin, momordin, 

restrictocin, Pseudomonas exotoxin A, pertussis toxin, tetanus toxin, botulinum toxin, 

Shigella toxin, cholera toxin, diphtheria toxin and any combination thereof. In embodiments, 

the toxin may be deBouganin as shown in SEQ ID NO: 4, SEQ ID NO: 9, SEQ ID NO: 33, 

SEQ ID NO: 42, or SEQ ID NO: 43. In embodiments, the toxin may be Pseudomonas 

exotoxin A as shown in SEQ ID NO: 3. 

[0066] In other non-limiting embodiments, the toxin comprises an agent that acts to 

disrupt DNA. Thus, toxins may be, without limitation, enediynes (e.g., calicheamicin and 
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esperamicin) and non-enediyne small molecule agents (e.g., bleomycin, methidiumpropyl-

EDTA-Fe(II)). Other toxins useful in accordance with the invention include, without 

limitation, daunorubicin, doxorubicin, distamycin A, cisplatin, mitomycin C, ecteinascidins, 

duocarmycin/CC-1065, and bleomycin/pepleomycin. In other non-limiting embodiments, the 

toxin comprises an agent that acts to disrupt tubulin. Such toxins may comprise, without 

limitation, rhizoxin/maytansine, paclitaxel, vincristine and vinblastine, colchicine, auristatin, 

dolastatin 10, peloruside A, alkylating agents, antimitotic agents, topoisomerase I inhibitors, 

and camptothecin derivatives. 

[0067] In other non-limiting embodiments, the toxin portion of the immunoconjugate 

may be an alkylating agent including, without limitation, busulfan, 

carboxyphthalatoplatinum, chlorambucil, chlorozotocin, cisplatinum, clomesone, 

cyanomorpholinodoxorubicin, cyclodisone, dianhydrogalactitol, fluorodopan, hepsulfam, 

hycanthone, melphalan, mitomycin C, mitozolamide, nitrogen mustard, piperazine, 

piperazinedione, pipobroman, porfiromycin, spirohydantoin mustard, teroxirone, tetraplatin, 

triethylenemelamine, and the like. 

[0068] In other non-limiting embodiments, the toxin portion of the immunoconjugate 

of the invention may be an antimitotic agent including, without limitation, allocolchicine, 

halichondrin B, colchicine, colchicine derivative, , maytansine, rhizoxin, taxol, taxol 

derivative, thiocolchicine, trityl cysteine, vinblastine sulfate, and vincristine sulfate. 

[0069] In other non-limiting embodiments, the toxin portion of an immunoconjugate 

of the invention may comprise a topoisomerase II inhibitor including, without limitation, 

doxorubicin, amonafide, anthrapyrazole derivative, pyrazoloacridine, bisantrene HC1, 

daunorubicin, deoxydoxorubicin, mitoxantrone, menogaril, N,N-dibenzyl daunomycin, 

oxanthrazole, and rubidazone. 

[0070] In other non-limiting embodiments, the toxin portion of the immunoconjugate 

may be an RNA or DNA antimetabolite including, without limitation 5-azacytidine, 5-

fluorouracil, acivicin, aminopterin, aminopterin derivative, 5,6-dihydro-5-azacytidine, 

methotrexate, methotrexate derivative, N-(phosphonoacetyl)-L-aspartate, pyrazofurin, 

trimetrexate, 2'-deoxy-5-fluorouridine, aphidicolin glycinate, 5-aza-2'-deoxycytidine, 

cyclocytidine, guanazole, hydroxyurea, inosine glycodialdehyde, macbecin II, 

pyrazoloimidazole, thioguanine, and thiopurine. 

[0071] In some embodiments, the immunoconjugate is a humanized antibody 

fragment that binds to the extracellular domain of human EpCAM linked to Pseudomonas 
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exotoxin A. In particular, the immunoconjugate may be a recombinant stabilized and 

humanized Fab fragment of EpCAM antibody that has been fused to a truncated form of 

Pseudomonas exotoxin A (ETA 252-608 amino acids), as shown in SEQ ID NO: 3. This 

immunoconjugate may bind to EpCAM expressed on cancer cells. Once bound, the 

immunoconjugate is internalized and the Pseudomonas exotoxin A kills cells or blocks the 

protein synthesis, thereby leading to cell death. Importantly, since most normal mucosal cells 

and fibroblasts do not widely express EpCAM, and therefore cannot internalize the 

immunoconjugate, they are protected from the potential side-effects of the exotoxin. 

[0072] In some embodiments, the immunoconjugate may be a Fab attached to 

Pseudomonas exotoxin A. In some embodiments, the Fab may have a heavy chain with an 

amino acid sequence of SEQ ID NO: 1 and a light chain with an amino acid sequence of 

SEQ ID NO: 2, and the Pseudomonas exotoxin A (ETA 252-608 amino acids) is fused to the 

C-terminus of SEQ ID NO: 1. In some embodiments, the Fab may have a heavy chain with 

an amino acid sequence of SEQ ID NO: 1 and a light chain with an amino acid sequence of 

SEQ ID NO: 2, and the Pseudomonas exotoxin A (ETA 252-608 amino acids) is fused to the 

C-terminus of SEQ ID NO: 2. In some embodiments, the Fab may have a heavy chain with 

an amino acid sequence of SEQ ID NO: 11 and a light chain with an amino acid sequence of 

SEQ ID NO: 12, and the Pseudomonas exotoxin A (ETA 252-608 amino acids) is fused to 

the C-terminus of SEQ ID NO: 11. In some embodiments, the Fab may have a heavy chain 

with an amino acid sequence of SEQ ID NO: 11 and a light chain with an amino acid 

sequence of SEQ ID NO: 12, and the Pseudomonas exotoxin A (ETA 252-608 amino acids) 

is fused to the C-terminus of SEQ ID NO: 12. 

[0073] In some embodiments, the immunoconjugate may be a humanized EpCAM 

antibody fragment attached to modified bouganin protein, wherein the modified bouganin has 

a reduced propensity to elicit an immune response. In a preferred embodiment, the modified 

bouganin has a reduced propensity to activate T-cells and the modified bouganin is modified 

at one or more amino acid residues in a T-cell epitope. In some embodiments, the modified 

bouganin protein (deBouganin) has amino acids as shown in SEQ ID NO: 4. In some 

embodiments, the modified bouganin protein may have amino acids as shown in SEQ ID NO: 

9. In some embodiments, the modified bouganin protein may have amino acids as shown in 

SEQ ID NO: 33. In some embodiments, the modified bouganin protein may have amino acids 

as shown in SEQ ID NO: 42. In some embodiments, the modified bouganin protein may 

have amino acids as shown in SEQ ID NO: 43. 
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[0074] In some embodiments, the immunoconjugate may be a Fab attached to 
modified bouganin protein. In some embodiments, the Fab may have a heavy chain with an 
amino acid sequence of SEQ ID NO: 1 and a light chain with an amino acid sequence of 
SEQ ID NO: 2, and the modified bouganin protein is fused to the C-terminus of SEQ ID NO: 
1. In some embodiments, the Fab may have a heavy chain with an amino acid sequence of 
SEQ ID NO: 1 and a light chain with an amino acid sequence of SEQ ID NO: 2, and the 
modified bouganin protein is fused to the C-terminus of SEQ ID NO: 2. In some 
embodiments, the Fab may have a heavy chain with an amino acid sequence of SEQ ID NO: 
11 and a light chain with an amino acid sequence of SEQ ID NO: 12, and the modified 

bouganin protein is fused to the C-terminus of SEQ ID NO: 11. In some embodiments, the 
Fab may have a heavy chain with an amino acid sequence of SEQ ID NO: 11 and a light 
chain with an amino acid sequence of SEQ ID NO: 12, and the modified bouganin protein is 
fused to the C-terminus of SEQ ID NO: 12. In some embodiments, the Fab may have a 
heavy chain with an amino acid sequence of SEQ ID NO: 31 and a light chain with an amino 
acid sequence of SEQ ID NO: 12, and the modified bouganin protein is fused to the C-
terminus of SEQ ID NO: 31. In some embodiments, the Fab may have a heavy chain with an 
amino acid sequence of SEQ ID NO: 31 and a light chain with an amino acid sequence of 

SEQ ID NO: 12, and the modified bouganin protein is fused to the C-terminus of SEQ ID 
NO: 12. In some embodiments, the Fab may have a heavy chain with an amino acid 

sequence of SEQ ID NO: 32 and a light chain with an amino acid sequence of SEQ ID NO: 
12, and the modified bouganin protein is fused to the C-terminus of SEQ ID NO: 32. In some 
embodiments, the Fab may have a heavy chain with an amino acid sequence of SEQ ID NO: 

32 and a light chain with an amino acid sequence of SEQ ID NO: 12, and the modified 
bouganin protein is fused to the C-terminus of SEQ ID NO: 12. 

[0075] In some embodiments, the immunuconjugate may be VB6-845 Fab having a 
first polypeptide as shown in SEQ ID NO: 13 and a second polypeptide as shown in SEQ ID 
NO: 2. The first and the second polypeptide may be joined by one or more di-sulfide 
linkages. In some embodiments, the immunuconjugate may be VB6-845 Fab having a first 
polypeptide selected from SEQ ID NOS: 1, 11, 31, or 32, and a second polypeptide as shown 
in SEQ ID NO: 16. In some embodiments, the immunuconjugate may be VB6-845 Fab 
having a first polypeptide as shown in SEQ ID NO: 14 and a second polypeptide as shown in 
SEQ ID NO: 12. In some embodiments, the immunuconjugate may be VB6-845 Fab having a 

first polypeptide selected from SEQ ID NOS: 1, 11, 31, or 32, and a second polypeptide as 
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shown in SEQ ID NO: 17. In some embodiments, the immunuconjugate may be VB6-845 

Fab having a first polypeptide as shown in SEQ ID NO: 34 and a second polypeptide as 

shown in SEQ ID NO: 2. In some embodiments, the immunuconjugate may be VB6-845 Fab 

having a first polypeptide selected from SEQ ID NOS: 1, 11, 31, or 32, and a second 

polypeptide as shown in SEQ ID NO: 35. In some embodiments, the immunuconjugate may 

be VB6-845 Fab having a first polypeptide as shown in SEQ ID NO: 36 and a second 

polypeptide as shown in SEQ ID NO: 12. In some embodiments, the immunuconjugate may 

be VB6-845 Fab having a first polypeptide selected from SEQ ID NOS: 1, 11, 31, or 32, and 

a second polypeptide as shown in SEQ ID NO: 37. In some embodiments, the 

immunuconjugate may be VB6-845 Fab having a first polypeptide as shown in SEQ ID NO: 

38 and a second polypeptide as shown in SEQ ID NO: 12. In some embodiments, the 

immunuconjugate may be VB6-845 Fab having a first polypeptide as shown in SEQ ID NO: 

40 and a second polypeptide as shown in SEQ ID NO: 12. In some embodiments, the 

immunuconjugate may be VB6-845 Fab having a first polypeptide as shown in SEQ ID NO: 

39 and a second polypeptide as shown in SEQ ID NO: 12. In some embodiments, the 

immunuconjugate may be VB6-845 Fab having a first polypeptide as shown in SEQ ID NO: 

41 and a second polypeptide as shown in SEQ ID NO: 12. In some embodiments, the 

immunuconjugate may be VB6-845 Fab having a first polypeptide as shown in SEQ ID NO: 

44 and a second polypeptide as shown in SEQ ID NO: 2. In some embodiments, the 

immunuconjugate may be VB6-845 Fab having a first polypeptide as shown in SEQ ID NO: 

44 and a second polypeptide as shown in SEQ ID NO: 12. In some embodiments, the 

immunuconjugate may be VB6-845 Fab having a first polypeptide selected from SEQ ID 

NOS: 1, 11, 31, or 32, and a second polypeptide as shown in SEQ ID NO: 45. In some 

embodiments, the immunuconjugate may be VB6-845 Fab having a first polypeptide as 

shown in SEQ ID NO: 46 and a second polypeptide as shown in SEQ ID NO: 2. In some 

embodiments, the immunuconjugate may be VB6-845 Fab having a first polypeptide as 

shown in SEQ ID NO: 46 and a second polypeptide as shown in SEQ ID NO: 12. In some 

embodiments, the immunuconjugate may be VB6-845 Fab having a first polypeptide selected 

from SEQ ID NOS: 1, 11, 31, or 32, and a second polypeptide as shown in SEQ ID NO: 47. 

In some embodiments, the immunuconjugate may be VB6-845 Fab having a first polypeptide 

as shown in SEQ ID NO: 48 and a second polypeptide as shown in SEQ ID NO: 2. In some 

embodiments, the immunuconjugate may be VB6-845 Fab having a first polypeptide as 

shown in SEQ ID NO: 48 and a second polypeptide as shown in SEQ ID NO: 12. In some 
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embodiments, the immunuconjugate may be VB6-845 Fab having a first polypeptide as 

shown in SEQ ID NO: 49 and a second polypeptide as shown in SEQ ID NO: 2. In some 

embodiments, the immunuconjugate may be VB6-845 Fab having a first polypeptide as 

shown in SEQ ID NO: 49 and a second polypeptide as shown in SEQ ID NO: 12. 

[0076] The first and the second polypeptide disclosed herein in the above 

immunoconjugates may be joined by one or more di-sulfide linkages. 

[0077] The antibodies or the antibody fragments described herein may be conjugated 

to the effector molecule by any means. For example, the antibody or the antibody fragment 

may be attached to the toxin by chemical or recombinant means. Chemical means for 

preparing fusions or conjugates are known in the art and can be used to prepare the 

immunoconjugate. The method used to conjugate the antibody or the antibody fragment and 

toxin must be capable of joining the antibody with the toxin without interfering with the 

ability of the antibody or the antibody fragment to bind to the target molecule. 

[0078] In one embodiment, the antibody and toxin are both proteins and can be 

conjugated using techniques well known in the art. There are several hundred crosslinkers 

disclosed in the art that can conjugate two proteins. The crosslinker is generally chosen 

based on the reactive functional groups available or inserted on the antibody or toxin. In 

addition, if there are no reactive groups, a photoactivatible crosslinker can be used. In certain 

instances, it may be desirable to include a spacer between the antibody and the toxin. 

Crosslinking agents known to the art include the homobifunctional agents: glutaraldehyde, 

dimethyladipimidate and bis(diazobenzidine) and the heterobifunctional agents: m-

maleimidobenzoyl-N-hydrox-ysuccinimide and sulfo-m maleimidobenzoyl-N-

hydroxysuccinimide. 

[0079] Other crosslinkers that may be used to couple an effector molecule to the 

antibody fragment include TPCH(S-(2- thiopyridyl)-L-cysteine hydrazide and TPMPH ((S-

(2-thiopyridyl) mercapto- propionohydrazide). TPCH and TPMPH react at the carbohydrate 

moieties of glycoproteins that have been previously oxidized by mild periodate treatment, 

thus forming a hydrazone bond between the hydrazide portion of the crosslinker and the 

periodate generated aldehydes.The hetero-bifunctional crosslinkers GMBS (N-gama-

malimidobutyryloxy)-succinimide) and SMCC (succinimidyl 4-(N-maleimido-

methyl)cyclohexane) react with primary amines, thus introducing a maleimide group onto the 

component. This maleimide group can subsequently react with sulfhydryls on the other 

component, which can be introduced by previously mentioned crosslinkers, thus forming a 
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stable thioether bond between the components. If steric hindrance between components 

interferes with either component's activity, crosslinkers can be used which introduce long 

spacer arms between components and include derivatives, such as n-succinimidyl-3-(2-

pyridyldithio)propionate (SPDP). Thus, there is an abundance of suitable crosslinkers that 

can be used and each of which is selected depending on the effects it has on optimal 

immunoconjugate production. 

[0080] An antibody-effector molecule fusion protein may also be prepared using 

recombinant DNA techniques. In such a case a DNA sequence encoding the antibody is 

fused to a DNA sequence encoding an effector molecule, such as a toxin, resulting in a 

chimeric DNA molecule. The chimeric DNA sequence is transfected into a host cell that 

expresses the antibody-effector molecule fusion protein. The fusion protein can be recovered 

from the cell culture and purified using techniques known in the art. 

[0081] The antibody portion of an immunoconjugate may be immunoglobulin 

derived, i.e., can be traced to a starting molecule that is an immunoglobulin (or antibody). 

For example, the antibody may be produced by modification of an immunoglobulin scaffold 

using standard techniques known in the art. In another, non-limiting example, 

immunoglobulin domains (e.g., variable heavy and/or light chains) may be linked to a non-

immunoglobulin scaffold. Further, the antibody may be developed by, without limitation, 

chemical reaction or genetic design. Accordingly, in a non-limiting example, an 

immunoconjugate may comprise an immunoglobulin-derived polypeptide (e.g., an antibody 

selected from an antibody library), or variant thereof, that specifically binds to liver cancer 

cells; and a toxin or variant thereof. Such immunoglobulin polypeptides can be re-designed 

to affect their binding characteristics to a target a tumor associated molecule, or to improve 

their physical characteristics, for example. 

[0082] The antibody portion of the immunoconjugate need not be immunoglobulin 

based. Accordingly, an immunoconjugate may comprise a non-immunoglobulin polypeptide 

(e.g., Affibody®), or variant thereof, that specifically binds to liver cancer cells; and a toxin 

or variant thereof. Such non-immunoglobulin polypeptide can be designed to bind to a target 

tumor associated molecule. Moreover, non-immunoglobulin polypeptide can be engineered 

to a desired affinity or avidity and can be designed to tolerate a variety of physical conditions, 

including extreme pH ranges and relatively high temperature. 

[0083] Indeed, for use in a pharmaceutical composition, the design of a non-

immunoglobulin polypeptide with a relatively long half-life at physiological conditions (e.g., 
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37° C. in the presence of peptidases) can be advantageous. Furthermore, such molecules, or 

variants thereof, may demonstrate good solubility, small size, proper folding and can be 

expressed in readily available, low-cost bacterial systems, and thus manufactured in 

commercially reasonable quantities. The ability to design a non-immunoglobulin polypeptide 

is within the skill of the ordinary artisan. 

[0084] Examples of epitope-binding polypeptides include, without limitation, ligands 

comprising a fibronectin type III domain, binding molecules based on assembly of repeat 

protein domains comprising Pleckstrin-Homology (PH) domains, ankyrin repeats, and the 

like. 

[0085] In other non-limiting embodiments, the immunoconjugate comprises a variant 

that has amino acid sequences, by at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 

55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% identical to Pseudomonas exotoxin A 

as shown in SEQ ID NO: 3. 

[0086] In other embodiments, the immunoconjugate comprises a variant that has 

amino acid sequences, by at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 

60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% identical to bouganin protein as shown in 

SEQ ID NO: 4. 

Methods of Use 

[0087] Disclosed herein are methods of using antibodies, antibody fragments and 

immunoconjugates described herein. In each of the foregoing embodiments, the antibodies, 

the antibody fragments, and/or the immunoconjugates used may include any of the de-

immunized antibodies/antibody fragments disclosed herein, wherein the antibody/antibody 

fragment comprises a heavy chain having an amino acid sequence of SEQ ID NO: 1, SEQ ID 

NO: 11, SEQ ID NO: 31, or SEQ ID NO: 32; and a light chain having an amino acid 

sequence of SEQ ID NO: 2 or SEQ ID NO: 12. 

[0088] In some embodiments, a method of treating a subject with cancer may involve 

administering a therapeutically effective amount of an antibody, wherein the antibody 

comprises a heavy chain having an amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 11, 

SEQ ID NO: 31, or SEQ ID NO: 32; and a light chain having an amino acid sequence of SEQ 

ID NO: 2 or SEQ ID NO: 12. The antibody may be an antibody fragment, such as Fab, Fab', 

F(ab')2, scFv, dsFv, ds-scFv, dimers, minibodies, diabodies, bispecific antibody fragments, 

multimers, and any combination thereof. The antibody or the antibody fragment may be any 
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of the de-immunized antibodies or de-immunized antibody fragments disclosed herein. In 
some embodiments, the antibody further comprises an effector molecule attached to the 
antibody (collectively, an immunoconjugate). In some embodiments described herein, the 
effector molecule may be a radioisotope, an antineoplastic agent, an immunomodulator, a 
biological response modifier, lectin, a toxin, a chromophore, a fluorophore, a 
chemiluminescent compound, an enzyme, a metal ion, and any combination thereof. 

[0089] In some embodiments, the antibodies and imunoconjugates may be used to 
treat cancer, such as lung cancer, gastric cancer, renal cancer, thyroid cancer, breast cancer, 
bladder cancer, ovarian cancer, colorectal cancer, head and neck cancer, hepatocellular 

carcinoma, esophageal, pancreas, and prostate cancer. Cancers originating from any 
epithelial cell may also be targeted by these immunoconjugates and antibodies. 

[0090] In preferred non-limiting embodiments, the cancer is amenable to treatment by 
direct administration of the antibody or immunoconjugate to the cancer site. For example, a 
target tumor mass may be close to the surface of the skin. In another example, a diseased 
tissue may be encapsulated by a cyst, or is found in a substantially enclosed cavity including, 
without limitation, a lumen. In other embodiments, the cancer is amenable to treatment by 
intravenous administration of the antibody or immunoconjugate. 

[0091] In some embodiments, a kit for diagnosing cancer may include an antibody or 
fragment thereof having a heavy chain amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 

11, SEQ ID NO: 31, or SEQ ID NO: 32; and a light chain having amino acid sequence of 
SEQ ID NO: 2 or SEQ ID NO: 12, and instructions for the use thereof. In some 
embodiments, a kit for diagnosing cancer may include an immunocongugate, wherein said 

immunoconguate comprises an antibody or fragment thereof having a heavy chain amino acid 

sequence of SEQ ID NO: 1, SEQ ID NO: 11, SEQ ID NO: 31, or SEQ ID NO: 32; and alight 
chain having amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 12, attached to an 
effector molecule and instructions for the use thereof. The antibody or the antibody fragment 
may be any of the de-immunized antibodies or de-immunized antibody fragments disclosed 
herein. 

[0092] In some embodiments, the kit for detecting cancer may include anti-EpCAM 
antibody fragment, and preferably further include a reagent containing a labeled anti-
Ig antibody, for example, an anti-Ig antibody linked with an enzyme such as alkaline 
phosphatase or a radiolabeled anti-Ig antibody. In some embodiments, the anti-EpCAM 

antibody fragment may be attached to a chromophore, a fluorophore or a radiolabeled ligand. 
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[0093] The immunoconjugates and the antibodies disclosed herein may also be used 
to detect or monitor in a subject. In some embodiments, a method of detecting or monitoring 
cancer in a subject may involve contacting a test sample taken from the subject with an 
antibody to form an antibody-antigen complex, wherein the antibody comprises a heavy 
chain amino acid sequence of SEQ ID NO: 1 SEQ ID NO: 11, SEQ ID NO: 31, or SEQ ID 
NO: 32; and a light chain having an amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 
12; measuring the amount of the antibody-antigen complex in the test sample; and 
normalizing the results against a control. The test sample may be serum, lymph, ascitic 
exudate, intercellular fluid, tissue lysate, saliva, tissue sections, cells, biopsy samples, and the 

like. The antibody-antigen complex may be detected by any means, such as for example, dot-
blot method, Western blot method, ELISA method, or sandwich ELISA method. Also, the 
antibody-antigen complex can be detected by use according to multistage reactions, such as 
reaction with a biotin-bound anti-Ig antibody and then with an avidin-bound material. In 
other embodiments, a method of detecting or monitoring cancer in a subject may involve 
contacting a test sample taken from the subject with an immunoconjugate to form a complex, 
wherein the immunoconjugate comprises an antibody having a heavy chain amino acid 
sequence of SEQ ID NO: 1, SEQ ID NO: 11, SEQ ID NO: 31, or SEQ ID NO: 32; and a light 

chain having an amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 12; measuring the 
amount of the complex in the test sample; and normalizing the results against a control. 

[0094] In another embodiment, a method of detecting or monitoring cancer in a 
subject may involve administering to the subject an antibody comprising a heavy chain 
having an amino acid sequence selected from SEQ ID NO: 1, SEQ ID NO: 11, SEQ ID NO: 

31, or SEQ ID NO: 32; and a light chain having an amino acid sequence selected from SEQ 
ID NO: 2 and SEQ ID NO: 12; and detecting the antibody. In a further embodiment, a 
method of detecting or monitoring cancer in a subject may involve administering to the 
subject an immunoconjugate comprising an antibody having a heavy chain having an amino 
acid sequence selected from SEQ ID NO: 1, SEQ ID NO: 11, SEQ ID NO: 31, or SEQ ID 
NO: 32; and a light chain having an amino acid sequence selected from SEQ ID NO: 2 and 
SEQ ID NO: 12; and detecting the immunoconjugate. 

[0095] In some embodiments, the antibodies and the immunoconjugates disclosed 
herein may be used for imaging a tumor in a subject. In some embodiments, a method of 
imaging a tumor in a subject may involve administering to the subject an antibody or an 

antibody fragment comprising a heavy chain having an amino acid sequence of SEQ ID NO: 
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1, SEQ ID NO: 11, SEQ ID NO: 31, or SEQ ID NO: 32; and a light chain having an amino 
acid sequence of SEQ ID NO: 2 or SEQ ID NO: 12; and detecting the antibody or the 
antibody fragment by in vivo imaging. The antibody or the antibody fragment may be any of 
the de-immunized antibodies or de-immunized antibody fragments disclosed herein and may 
be attached to an effector molecule. In some embodiments, a method of imaging a tumor in a 
subject may involve administering to the subject an immunoconjuate comprising an antibody 
having a heavy chain having an amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 11, 
SEQ ID NO: 31, or SEQ ID NO: 32; and a light chain having an amino acid sequence of SEQ 
ID NO: 2 or SEQ ID NO: 12; and detecting the immunoconjugate by in vivo imaging. The 

immunoconjugate may further include an effector molecule. 
[0096] In some embodiments, the effector molecule utilized for detecting cancer or 

imaging a tumor may be a radioisotope, a chromophore, a fluorophore, a chemiluminescent 
compound, an enzyme, a metal ion, and any combination thereof. The in vivo imaging may 
be performed by any known technique in the art, such as near-infrared fluorescence imaging 
(NIRF), fluorescence reflectance imaging (FRI), fluorescence-mediated tomography (FMT), 
positron emission tomography (PET), single photon emission tomography (SPECT), 
magnetic resonance imaging (MRI), PET with concurrent computed tomography imaging 

(PET/CT), PET with concurrent magnetic resonance imaging (PET/MRI), and any 
combination thereof. 

[0097] In some embodiments, the method may further include resecting cancerous 
tissue, such as a tumor or a part of an organ, after in vivo imaging of the subject. Surgical 
resection can be performed by any technique known in the art. In some embodiments, the 

method may further include administering the antibody or immunoconjugate after resection 
to measure the completeness of tumor resection. 

[0098] In certain embodiments, the antibodies as described herein are labeled with a 
radiotracer. A radiotracer is typically a substance containing a radioisotope that allows for 
easy detection and measurement. A number of different forms of hydrogen, carbon, 
phosphorous, sulfur and iodine are commonly used in medical diagnostics. The antibodies of 
the present invention may be labeled with any suitable radiotracer. Preferred radiotracers 
include radiotracers for medical imaging. Common radiotracers used include 18F, 67Ga, 
81mKr, 82Rb, "mTc, mIn, 1231, 1311, 133Xe, 201T1 and 90Y. Preferably, the antibodies as described 
herein are labeled with 18F, 1231311. mIn, 90Y or "mTc. 
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[0099] The antibodies of the present invention may also be labeled with any 
fluorescent probes known in the art. Non-limiting examples include fluorescein, amino 
coumarin acetic acid, tetramethylchodomine isocyanate, Texas Red, Cy 3.0, Cy 5.0, green 
fluorescent protein, and the like. 

[0100] In another preferred embodiment, the antibodies as described herein are 
labeled with a contrast agent. A contrast agent is a substance used to increase or modify the 
contrast of organs, fluids or anatomical structures in the human or animal body. The 
antibodies of the present invention may be labeled with any suitable contrast agent. Preferred 
contrast agents include contrast agents for medical imaging. Preferably, the antibodies of the 

present invention are labeled with an MRI (magnetic resonance imaging) contrast agent such 
as a superparamagnetic contrast agent or a paramagnetic contrast agent. MRI contrast agents 
are typically chelated metals or colloids. The most commonly used contrast agents include 
gadolinium (Gd) based contrast agents such as gadolinium-DTPA, iron oxide based contrast 
agents such as superparamagnetic Small Particles of Iron Oxide (SPIO) and 
superparamagnetic Ultrasmall Small Particles of Iron Oxide (USPIO) and paramagnetic 
contrast agents based on manganese chelates such as Mn-DPDP. 

[0101] The invention also provides methods for reducing the risk of post-surgical 

complications comprising administering an effective amount of an immunoconjugate before, 
during, or after surgery, and in specific non-limiting embodiments, surgery to treat cancer. 

[0102] The invention also provides methods for preventing occurrence, preventing or 
delaying recurrence, or reducing the rate of recurrence of cancer comprising directly 
administering to a patient in need thereof an effective amount of an immunoconjugate. 

[0103] The invention also provides methods for sensitizing a tumor or cancer to one 
or more other anticancer agents comprising administering an immunoconjugate of the 
invention. In a non-limiting embodiment, the other anticancer agent comprises another 
EpCAM-targeted immunoconjugate. In another non-limiting embodiment, the other 
anticancer agent comprises radiation. The other anticancer agents may be administered prior 
to, overlapping with, concurrently, and/or after administration of the immunoconjugate. 
When administered concurrently, the immunoconjugate and other anticancer agent may be 
administered in a single formulation or in separate formulations, and if separately, then 
optionally, by different modes of administration. Accordingly, the combination of one or 
more immunoconjugates and one or more other anticancer agents may synergistically act to 

combat the tumor or cancer. In some embodiments, the immunoconjugate may be co-
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administered, concurrently administered, or sequentially administered with one or more 
anticancer agents. 

[0104] In some embodiments, the anticancer agents may be tamoxifen, toremifen, 
raloxifene, droloxifene, iodoxyfene, megestrol acetate, anasfrozole, letrazole, borazole, 
exemestane, flutamide, nilutamide, bicalutamide, cyproterone acetate, goserelin acetate, 
luprolide, finasteride, herceptin, methotrexate, 5-fluorouracil, cytosine arabinoside, 
doxorubicin, daunomycin, epirubicin, idarubicin, mitomycin-C, dactinomycin, mithramycin, 
cisplatin, carboplatin, melphalan, chlorambucil, busulphan, cyclophosphamide, ifosfamide, 
nitrosoureas, thiotephan, vincristine, taxol, taxotere, etoposide, teniposide, amsacrine, 

Irinotecan, topotecan, an epothilone, Iressa, Tarceva, Sorafenib, angiogenesis inhibitors, EGF 
inhibitors, VEGF inhibitors, CDK inhibitors, cytokines, Herl and Her2 inhibitors, and 
monoclonal antibodies. 

[0105] In another embodiment, methods of treating cancer comprising administering 
an immunoconjugate in combination with a regimen of radiation therapy is provided. The 
therapy may also comprise surgery and/or chemotherapy. For example, the 
immunoconjugate may be administered in combination with radiation therapy and cisplatin 
(Platinol), fluo-rouracil (5-FU, Adrucil), carboplatin (Paraplatin), and/or paclitaxel (Taxol). 

Treatment with the immunoconjugate may allow use according to lower doses of radiation 
and/or less frequent radiation treatments, which may for example, reduce the incidence of 

severe sore throat that impedes swallowing function potentially resulting in undesired weight 
loss or dehydration. 

[0106] Pharmaceutical compositions for combination therapy may also include, 

without limitation, antibiotics (e.g., dactinomycin, bleomycin, mithramycin, anthramycin), 
asparaginase, BCG protein, diphtheria toxin, procaine, tetracaine, lidocaine, propranolol, anti­
mitotic agents, abrin, ricin A, Pseudomonas exotoxin, nerve growth factor, platelet derived 
growth factor, tissue plasminogen activator, antihistaminic agents, anti-nausea agents, etc. 

[0107] Indeed, direct administration of an effective amount of an immunoconjugate to 
a patient in need of such treatment may result in reduced doses of another anticancer agent 
having clinically significant efficacy. Such efficacy of the reduced dose of the other 
anticancer agent may not be observed absent administration with an immunoconjugate. 
Accordingly, the present invention provides methods for treating a tumor or cancer 
comprising administering a reduced dose of one or more other anticancer agents. 
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[0108] Moreover, combination therapy comprising an immunoconjugate to a patient 

in need of such treatment may permit relatively short treatment times when compared to the 

duration or number of cycles of standard treatment regimens. Accordingly, the present 

invention provides methods for treating a tumor or cancer comprising administering one or 

more other anticancer agents for relatively short duration and/or in fewer treatment cycles. 

[0109] Thus, in accordance with the present invention, combination therapies 

comprising an immunoconjugate and another anticancer agent may reduce toxicity (i.e., side 

effects) of the overall cancer treatment. For example, reduced toxicity, when compared to a 

monotherapy or another combination therapy, may be observed when delivering a reduced 

dose of immunoconjugate and/or other anticancer agent, and/or when reducing the duration 

of a cycle (i.e., the period of a single administration or the period of a series of such 

administrations), and/or when reducing the number of cycles. 

[0110] Clinical outcomes of cancer treatments using an antibody or immunoconjugate 

of the invention are readily discernible by one of skill in the relevant art, such as a physician. 

For example, standard medical tests to measure clinical markers of cancer may be strong 

indicators of the treatment's efficacy. Such tests may include, without limitation, physical 

examination, performance scales, disease markers, 12-lead ECG, tumor measurements, tissue 

biopsy, cytoscopy, cytology, longest diameter of tumor calculations, radiography, digital 

imaging of the tumor, vital signs, weight, recordation of adverse events, assessment of 

infectious episodes, assessment of concomitant medications, pain assessment, blood or serum 

chemistry, detecting serum markers, urinalysis, CT scan, and pharmacokinetic analysis. 

Furthermore, synergistic effects of a combination therapy comprising the immunoconjugate 

and another anticancer agent may be determined by comparative studies with patients 

undergoing monotherapy. 

[0111] The effective dose of the antibody or immunoconjugate to be administered 

during a cycle varies according to the mode of administration. Direct administration (e.g., 

intratumoral injection) requires much smaller total body doses of immunoconjugate as 

compared to systemic, intravenous administration of the immunoconjugate. It will be evident 

to the skilled artisan that local administration can result in lower body doses, and in those 

circumstances, and resulting low circulating plasma level of immunoconjugate would be 

expected and desired. 

[0112] In one embodiment, the effective dose by direct administration of antibody or 

immunoconjugate may range from about 10 to 3000, 20 to 900, 30 to 800, 40 to 700, 50 to 
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600, 60 to 500, 70 to 400, 80 to 300, 90 to 200, or 100 to 150 micrograms/tumor/day. In 

other embodiments, the dose may range from approximately 10 to 20, 21 to 40, 41 to 80, 81 

to 100, 101 to 130, 131 to 150, 151 to 200, 201 to 280, 281 to 350, 351 to 500, 501 to 1000, 

1001 to 2000, or 2001 to 3000 micrograms/tumor/day. In specific embodiments, the dose 

may be at least approximately 20, 40, 80, 130, 200, 280, 400, 500, 750, 1000, 2000, or 3000 

micrograms/tumor/day. 

[0113] In other embodiments, the antibody or immunoconjugate administration is at 

a dosage of about 0.01 mg/kg/dose to about 2000 mg/kg/dose. 

[0114] In another embodiment, the effective dose of antibody or immunoconjugate 

may range from about 100 to 5000, 200 to 4000, 300 to 3000, 400 to 2000, 500 to 1000, 600 

to 900, or 700 to 1500 micrograms/tumor/month. In other embodiments, the dose may range 

from approximately 100 to 199, 200 to 399, 400 to 649, 650 to 999, 1000 to 1799, 1800 to 

2499, 2500 to 3499, 3500 to 4999, 5000 to 7499, 7500 to 10000, or 10001 to 20000 

micrograms/tumor/month. In specific embodiments, the dose may be at least approximately 

100, 200, 400, 650, 1000, 1400, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 7500, 10000, or 

20000 micrograms/tumor/month. 

[0115] In another embodiment, the antibody or immunoconjugate is administered 

intratumourally at a total dose per cycle equivalent to, or below the maximum tolerated dose 

established in a safety trial but the dosage is standardized in relation to the tumor volume. 

For example, subjects will receive between 1 microgram per cm3 and 500 microgram per cm3 

tumor or a dose sufficient to reach about between 14 picomole and 7 nanomole per cm3 tumor 

tissue. The dose will be administered in a volume not exceeding about 20-50% of the tumor 

volume. The immunoconjugate will be diluted in a suitable salt solution. For example, for a 

tumor of estimated volume of 3 cm3, a target dose of 14 picomoles (1 microgram per cm3), 

and a maximum injection relative volume of about 1/3 of the tumor, 3 microgram of 

immunoconjugate will be diluted into about 1 ml of diluent. 

[0116] The effective dose of another anticancer agent to be administered together 

with an antibody or immunoconjugate during a cycle also varies according to the mode of 

administration. The one or more anticancer agent may be delivered intratumorally, or by 

other modes of administration. Typically, chemotherapeutic agents are administered 

systemically. Standard dosage and treatment regimens are known in the art (see, e.g., the 

latest editions of the Merck Index and the Physician's Desk Reference). 
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[0117] For example, in one embodiment, the additional anticancer agent comprises 
dacarbazine at a dose ranging from approximately 200 to 4000 mg/m2/cycle. In a preferred 
embodiment, the dose ranges from 700 to 1000 mg/m2/cycle. 

[0118] In another embodiment, the additional anticancer agent comprises fludarabine 
at a dose ranging from approximately 25 to 50 mg/m2/cycle. 

[0119] In another embodiment, the additional anticancer agent comprises cytosine 
arabinoside (Ara-C) at a dose ranging from approximately 200 to 2000 mg/m2/cycle. 

[0120] In another embodiment, the additional anticancer agent comprises docetaxel at 
a dose ranging from approximately 1.5 to 7.5 mg/kg/cycle. 

[0121] In another embodiment, the additional anticancer agent comprises paclitaxel at 
a dose ranging from approximately 5 to 15 mg/kg/cycle. 

[0122] In yet another embodiment, the additional anticancer agent comprises cisplatin 
at a dose ranging from approximately 5 to 20 mg/kg/cycle. 

[0123] In yet another embodiment, the additional anticancer agent comprises 5-
fluorouracil at a dose ranging from approximately 5 to 20 mg/kg/cycle. 

[0124] In yet another embodiment, the additional anticancer agent comprises 
doxorubicin at a dose ranging from approximately 2 to 8 mg/kg/cycle. 

[0125] In yet another embodiment, the additional anticancer agent comprises 
epipodophyllotoxin at a dose ranging from approximately 40 to 160 mg/kg/cycle. 

[0126] In yet another embodiment, the additional anticancer agent comprises 
cyclophosphamide at a dose ranging from approximately 50 to 200 mg/kg/cycle. 

[0127] In yet another embodiment, the additional anticancer agent comprises 

irinotecan at a dose ranging from approximately 50 to 75, 75 to 100, 100 to 125, or 125 to 
150 mg/m2/cycle. 

[0128] In yet another embodiment, the anticancer agent comprises vinblastine at a 
dose ranging from approximately 3.7 to 5.4, 5.5 to 7.4, 7.5 to 11, or 11 to 18.5 mg/m2/cycle. 

[0129] In yet another embodiment, the additional anticancer agent comprises 
vincristine at a dose ranging from approximately 0.7 to 1.4, or 1.5 to 2 mg/m2/cycle. 

[0130] In yet another embodiment, the additional anticancer agent comprises 
methotrexate at a dose ranging from approximately 3.3 to 5, 5 to 10, 10 to 100, or 100 to 
1000 mg/m2/cycle. 

[0131] Combination therapy with an antibody or immunoconjugate may sensitize the 

cancer or tumor to administration of an additional anticancer agent. Accordingly, the present 
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invention contemplates combination therapies for preventing, treating, and/or preventing 

recurrence of cancer comprising administering an effective amount of an antibody or 

immunoconjugate prior to, subsequently, or concurrently with a reduced dose of an 

anticancer agent. For example, initial treatment with an immunoconjugate may increase the 

sensitivity of a cancer or tumor to subsequent challenge with a dose of anticancer agent. This 

dose is near, or below, the low range of standard dosages when the anticancer agent is 

administered alone, or in the absence of an antibody or immunoconjugate. When 

concurrently administered, the antibody or immunoconjugate may be administered separately 

from the anticancer agent, and optionally, via a different mode of administration. 

[0132] Accordingly, in one embodiment, the additional anticancer agent comprises 

cisplatin, e.g., PLATINOL or PLATINOL-AQ (Bristol Myers), at a dose ranging from 

approximately 5 to 10, 11 to 20, 21 to 40, or 41 to 75 mg/m2/ cycle. 

[0133] In another embodiment, the additional anticancer agent comprises carboplatin, 

e.g., PARAPLATIN (Bristol Myers), at a dose ranging from approximately 2 to 3, 4 to 8, 9 to 

16, 17 to 35, or 36 to 75 mg/m2/cycle. 

[0134] In another embodiment, the additional anticancer agent comprises 

cyclophosphamide, e.g., CYTOXAN (Bristol Myers Squibb), at a dose ranging from 

approximately 0.25 to 0.5, 0.6 to 0.9, 1 to 2, 3 to 5, 6 to 10, 11 to 20, or 21 to 40 mg/kg/cycle. 

[0135] In another embodiment, the additional anticancer agent comprises cytarabine, 

e.g., CYTOSAR-U (Pharmacia & Upjohn), at a dose ranging from approximately 0.5 to 1, 2 

to 4, 5 to 10, 11 to 25, 26 to 50, or 51 to 100 mg/m2/cycle. In another embodiment, the 

additional anticancer agent comprises cytarabine liposome, e.g., DEPOCYT (Chiron Corp.), 

at a dose ranging from approximately 5 to 50 mg/m2/cycle. 

[0136] In another embodiment, the additional anticancer agent comprises 

dacarbazine, e.g., DTIC or DTICDOME (Bayer Corp.), at a dose ranging from approximately 

15 to 250 mg/m2/cycle or ranging from approximately 0.2 to 2 mg/kg/cycle. 

[0137] In another embodiment, the additional anticancer agent comprises topotecan, 

e.g., HYCAMTIN (SmithKline Beecham), at a dose ranging from approximately 0.1 to 0.2, 

0.3 to 0.4, 0.5 to 0.8, or 0.9 to 1.5 mg/m2/Cycle. 

[0138] In another embodiment, the additional anticancer agent comprises irinotecan, 

e.g., CAMPTOSAR (Pharmacia & Upjohn), at a dose ranging from approximately 5 to 9, 10 

to 25, or 26 to 50 mg/m2/cycle. 
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[0139] In another embodiment, the additional anticancer agent comprises fludarabine, 

e.g., FLUDARA (Berlex Laboratories), at a dose ranging from approximately 2.5 to 5, 6 to 

10, 11 to 15, or 16 to 25 mg/m2/cycle. 

[0140] In another embodiment, the additional anticancer agent comprises cytosine 

arabinoside (Ara-C) at a dose ranging from approximately 200 to 2000 mg/m2/cycle, 300 to 

1000 mg/m2/cycle, 400 to 800 mg/m2/cycle, or 500 to 700 mg/m2/cycle. 

[0141] In another embodiment, the additional anticancer agent comprises docetaxel, 

e.g., TAXOTERE (Rhone Poulenc Rorer) at a dose ranging from approximately 6 to 10, 11 to 

30, or 31 to 60 mg/m2/cycle. 

[0142] In another embodiment, the additional anticancer agent comprises paclitaxel, 

e.g., TAXOL (Bristol Myers Squibb), at a dose ranging from approximately 10 to 20, 21 to 

40, 41 to 70, or 71 to 135 mg/kg/cycle. 

[0143] In another embodiment, the additional anticancer agent comprises 5-

fluorouracil at a dose ranging from approximately 0.5 to 5 mg/kg/cycle, 1 to 4 mg/kg/cycle, 

or 2-3 mg/kg/cycle. 

[0144] In another embodiment, the additional anticancer agent comprises 

doxorubicin, e.g., ADRIAMYCIN (Pharmacia & Upjohn), DOXIL (Alza), RUBEX (Bristol 

Myers Squibb), at a dose ranging from approximately 2 to 4, 5 to 8, 9 to 15, 16 to 30, or 31 to 

60 mg/kg/cycle. 

[0145] In another embodiment, the additional anticancer agent comprises etoposide, 

e.g., VEPESID (Pharmacia & Upjohn), at a dose ranging from approximately 3.5 to 7, 8 to 

15, 16 to 25, or 26 to 50 mg/m2/cycle. 

[0146] In another embodiment, the additional anticancer agent comprises vinblastine, 

e.g., VELBAN (Eli Lilly), at a dose ranging from approximately 0.3 to 0.5, 0.6 to 0.9, 1 to 2, 

or 3 to 3.6 mg/m2/cycle. 

[0147] In another embodiment, the additional anticancer agent comprises vincristine, 

e.g., ONCOVIN (Eli Lilly), at a dose ranging from approximately 0.1, 0.2, 0.3, 0.4, 0.5, 0.6 

or 0.7 mg/m2/cycle. 

[0148] In another embodiment, the additional anticancer agent comprises 

methotrexate at a dose ranging from approximately 0.2 to 0.9, 1 to 5, 6 to 10, or 11 to 20 

mg/m2/ cycle. 
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[0149] In another embodiment, an immunoconjugate is administered in combination 
with at least one other immunotherapeutic which includes, without limitation, rituxan, 
rituximab, campath-1, gemtuzumab, and trastuzutmab. 

[0150] In another embodiment, an immunoconjugate is administered in combination 
with one or more anti-angiogenic agents which include, without limitation, angiostatin, 
thalidomide, kringle 5, endostatin, Serpin (Serine Protease Inhibitor), anti-thrombin, 29 kDa 
N-terminal and a 40 kDa C-terminal proteolytic fragments of fibronectin, 16 kDa proteolytic 
fragment of prolactin, 7.8 kDa proteolytic fragment of platelet factor-4, a 13 amino acid 
peptide corresponding to a fragment of platelet factor-4, a 14-amino acid peptide 

corresponding to a fragment of collagen I, a 19 amino acid peptide corresponding to a 
fragment of thrombospondin I, a 20-amino acid peptide corresponding to a fragment of 
SPARC, and a variant thereof, including a pharmaceutically acceptable salt thereof. 

[0151] In another embodiment, an antibody or immunoconjugate is administered in 
combination with one or more cytokines which include, without limitation, lymphokines, 
tumor necrosis factors, tumor necrosis factor-like cytokine, lymphotoxin, interferon, 
macrophage inflammatory protein, granulocyte monocyte colony stimulating factor, 
interleukin (including, without limitation, interleukin-1, interleukin-2, interleukin-6, 

interleukin-12, interleukin-15, interleukin-18), and a variant thereof, including a 
pharmaceutically acceptable salt thereof. 

[0152] In yet another embodiment, an antibody or immunoconjugate is administered 
in combination with a cancer vaccine including, without limitation, autologous cells or 
tissues, non-autologous cells or tissues, carcinoembryonic antigen, alpha-feto-protein, human 

chorionic gonadotropin, BCG live vaccine, melanocyte lineage proteins, and mutated, tumor-
specific antigens. 

[0153] In yet another embodiment, an antibody or immunoconjugate is administered 
in association with hormonal therapy. Hormonal therapeutics include, without limitation, a 
hormonal agonist, hormonal antagonist (e.g., flutamide, tamoxifen, leuprolide acetate 
(LUPRON)), and steroid (e.g., dexamethasone, retinoid, betamethasone, Cortisol, cortisone, 
prednisone, dehydrotestosterone, glucocorticoid, mineralocorticoid, estrogen, testosterone, 
progestin). 

[0154] In yet another embodiment, an antibody or immunoconjugate is administered 
in association with a gene therapy program to treat or prevent cancer. 
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[0155] In yet another embodiment, an EpCAM-targeted antibody or 

immunoconjugate is administered in combination with one or more agents that increase 

expression of EpCAM in the tumor cells of interest. EpCAM expression preferably is 

increased so that a greater number of EpCAM molecules are expressed on the tumor cell 

surface. For example, the agent may inhibit the normal cycles of EpCAM antigen 

endocytosis. Such combination treatment may improve the clinical efficacy of the EpCAM-

targeted immunoconjugate alone, or with other anticancer agents or radiation therapy. In 

specific, nonlimiting embodiments, the agent which increases EpCAM expression in the 

tumor cells is vinorelbine tartrate (Navelbine) and/or paclitaxel (Taxol). 

[0156] Combination therapy may thus increase the sensitivity of the cancer or tumor 

to the administered immunoconjugate and/or additional anticancer agent. In this manner, 

shorter treatment cycles may be possible thereby reducing toxic events. Accordingly, the 

invention provides a method for treating or preventing cancer comprising administering to a 

patient in need thereof an effective amount of an immunoconjugate and at least one other 

anticancer agent for a short treatment cycle. The cycle duration may range from 

approximately 1 to 30, 2 to 27, 3 to 15, 4 to 12, 5 to 9, or 6-8 days. The cycle duration may 

vary according to the specific anticancer agent in use. The invention also contemplates 

continuous or discontinuous administration, or daily doses divided into several partial 

administrations. An appropriate cycle duration for a specific anticancer agent will be 

appreciated by the skilled artisan, and the invention contemplates the continued assessment of 

optimal treatment schedules for each anticancer agent. Specific guidelines for the skilled 

artisan are known in the art. 

[0157] Alternatively, longer treatment cycles may be desired. Accordingly, the cycle 

duration may range from approximately 10 to 56, 12 to 48, 14 to 28, 16 to 24, or 18 to 20 

days. The cycle duration may vary according to the specific anticancer agent in use. 

Routes of Administration 

[0158] The antibodies and/or immunoconjugates described herein may be 

administered to the patient via any suitable route. The antibodies and/or immunoconjugates 

may be administered by injection into the vascular system or by injection into an organ. 

Preferred administration routes include parenteral, intravascular and/or intravenous injection. 

Parenteral administration includes subcutaneous, intramuscular, intraperitoneal, intracavity, 

intrathecal, intratumoral, transdermal and intravenous injection. In a preferred embodiment, 
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the antibodies and/or immunoconjugates are administered intravenously as a bolus or by 
continuous infusion over a period of time. In other embodiments, the antibodies and/or 
immunoconjugates may be administered directly to the cancer site. 

[0159] The immunoconjugate and antibodies of the present invention can be 
administered in the conventional manner by any route where they are active. Administration 
can be systemic, parenteral, topical, or oral. For example, administration can be, but is not 
limited to, parenteral, oral, buccal, or ocular routes, or intravaginally, by inhalation, by depot 
injections, or by implants. Thus, modes of administration for the 
antibodies/immunoconjugates of the present invention (either alone or in combination with 

other pharmaceuticals) can be, but are not limited to, sublingual, injectable (including short-
acting, depot, implant and pellet forms injected subcutaneously or intramuscularly), or by use 
according to vaginal creams, suppositories, pessaries, vaginal rings, rectal suppositories, 
intrauterine devices, and transdermal forms such as patches and creams. 

[0160] In accordance with one aspect of the present invention, the antibody or 
immunoconjugate and/or other anticancer agent is delivered to the patient by direct 
administration. Accordingly, the immunoconjugate and/or other anticancer agent may be 
administered, without limitation, by one or more direct injections into the tumor, by 

continuous or discontinuous perfusion into the tumor, by introduction of a reservoir of the 
immunoconjugate, by introduction of a slow-release apparatus into the tumor, by introduction 

of a slow-release formulation into the tumor, and/or by direct application onto the tumor. By 
the mode of administration into the tumor, introduction of the immunoconjugate and/or other 
anticancer agent to the area of the tumor, or into a blood vessel or lymphatic vessel that 

substantially directly flows into the area of the tumor, is also contemplated. In each case, the 
pharmaceutical composition is administered in at least an amount sufficient to achieve the 
endpoint, and if necessary, comprises a pharmaceutically acceptable carrier. 

[0161] It is contemplated that the antibodies or immunoconjugates may be 
administered intratumorally, whereas any other anticancer agent may be delivered to the 
patient by other modes of administration (e.g., intravenously). Additionally, where multiple 
anticancer agents are intended to be delivered to a patient, the immunoconjugate and one or 
more of the other anticancer agent may be delivered intratumorally, whereas other anticancer 
agents may be delivered by other modes of administration (e.g., intravenously and orally). 

[0162] In some embodiments, a composition may be an antibody described herein and 

a pharmaceutically acceptable excipient, carrier, buffer or stabilizer. In some embodiments, a 
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composition may be an immunoconjugate described herein and a pharmaceutically acceptable 
excipient, carrier, buffer or stabilizer. An immunoconjugate according to the invention may 
be comprised in a pharmaceutical composition or medicament. Pharmaceutical compositions 
adapted for direct administration include, without limitation, lyophilized powders or aqueous 
or non-aqueous sterile injectable solutions or suspensions, which may further contain 
antioxidants, buffers, bacteriostats and solutes that render the compositions substantially 
isotonic with the blood of an intended recipient. Other components that may be present in 
such compositions include water, alcohols, polyols, glycerin and vegetable oils, for example. 
Extemporaneous injection solutions and suspensions may be prepared from sterile powders, 

granules and tablets. Immunoconjugate may be supplied, for example but not by way of 
limitation, as a lyophilized powder which is reconstituted with sterile water or saline prior to 
administration to the patient. 

[0163] Pharmaceutical compositions of the invention may comprise a 
pharmaceutically acceptable carrier. Suitable pharmaceutically acceptable carriers include 
essentially chemically inert and nontoxic compositions that do not interfere with the 
effectiveness of the biological activity of the pharmaceutical composition. Examples of 
suitable pharmaceutical carriers include, but are not limited to, water, saline solutions, 

glycerol solutions, ethanol, N-(l(2,3-dioleyloxy) propyl)N,N,N-trimethylammonium chloride 
(DOTMA), diolesylphosphotidyl-ethanolamine (DOPE), and liposomes. Such compositions 

should contain a therapeutically effective amount of the compound, together with a suitable 
amount of carrier so as to provide the form for direct administration to the patient. 

[0164] In another embodiment, a pharmaceutical composition comprises an antibody 

or immunoconjugate and one or more additional anticancer agent, optionally in a 
pharmaceutically acceptable carrier. 

[0165] The composition may be in the form of a pharmaceutically acceptable salt 
which includes, without limitation, those formed with free amino groups such as those 
derived from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc., and those formed 
with free carboxyl groups such as those derived from sodium, potassium, ammonium, 
calcium, ferric hydroxides, isopropylamine, triethylamine, 2-ethylarnino ethanol, histidine, 
procaine, etc. 

[0166] In various embodiments of the invention, the pharmaceutical composition is 
directly administered to the area of the tumor(s) by, for example, local infusion during 

surgery, topical application (e.g., in conjunction with a wound dressing after surgery), 
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injection, means of a catheter, means of a suppository, or means of an implant. An implant 

can be of a porous, non-porous, or gelatinous material, including membranes, such as 

sialastic membranes, or fibers. Suppositories generally contain active ingredients in the range 

of 0.5% to 10% by weight. 

[0167] In other embodiments, a controlled release system can be placed in proximity 

of the target tumor. For example, a micropump may deliver controlled doses directly into the 

area of the tumor, thereby finely regulating the timing and concentration of the 

pharmaceutical composition. 

[0168] In some embodiments, the pharmaceutical carrier may include, without 

limitation, binders, coating, disintegrants, fillers, diluents, flavors, colors, lubricants, glidants, 

preservatives, sorbents, sweeteners, conjugated linoleic acid (CLA), gelatin, beeswax, 

purified water, glycerol, any type of oil, including, without limitation, fish oil or soybean oil, 

or the like. Pharmaceutical compositions of the antibodies/immunoconjugates also can 

comprise suitable solid or gel phase carriers or excipients. Examples of such carriers or 

excipients include but are not limited to calcium carbonate, calcium phosphate, various 

sugars, starches, cellulose derivatives, gelatin, and polymers such as, e.g., polyethylene 

glycols. 

[0169] For oral administration, the immunoconjugates and antibodies can be 

formulated readily by combining these immunoconjugates/antibodies with pharmaceutically 

acceptable carriers well known in the art. Such carriers enable the immunoconjugates of the 

invention to be formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, 

suspensions and the like, for oral ingestion by a patient to be treated. Pharmaceutical 

preparations for oral use can be obtained by adding a solid excipient, optionally grinding the 

resulting mixture, and processing the mixture of granules, after adding suitable auxiliaries, if 

desired, to obtain tablets or dragee cores. Suitable excipients include, but are not limited to, 

fillers such as sugars, including, but not limited to, lactose, sucrose, mannitol, and sorbitol; 

cellulose preparations such as, but not limited to, maize starch, wheat starch, rice starch, 

potato starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl-cellulose, 

sodium carboxymethylcellulose, and polyvinylpyrrolidone (PVP). If desired, disintegrating 

agents can be added, such as, but not limited to, the cross-linked polyvinyl pyrrolidone, agar, 

or alginic acid or a salt thereof such as sodium alginate. 

[0170] Dragee cores can be provided with suitable coatings. For this purpose, 

concentrated sugar solutions can be used, which can optionally contain gum arabic, talc, 
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polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer 
solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or pigments can be 
added to the tablets or dragee coatings for identification or to characterize different 
combinations of antibodies/immunoconjugates doses. 

[0171] Pharmaceutical preparations which can be used orally include, but are not 
limited to, push-fit capsules made of gelatin, as well as soft, sealed capsules made of gelatin 
and a plasticizer, such as glycerol or sorbitol. The push-fit capsules can contain the active 
ingredients in admixture with filler such as, e.g., lactose, binders such as, e.g., starches, 
and/or lubricants such as, e.g., talc or magnesium stearate and, optionally, stabilizers. In soft 

capsules, the immunoconjugates/antibodies can be dissolved or suspended in suitable liquids, 
such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition, stabilizers can 
be added. All formulations for oral administration should be in dosages suitable for such 
administration. 

[0172] For buccal administration, the compositions can take the form of, e.g., tablets 
or lozenges formulated in a conventional manner. 

[0173] For administration by inhalation, the compositions for use according to the 
present invention are conveniently delivered in the form of an aerosol spray presentation 

from pressurized packs or a nebulizer, with the use according to a suitable propellant, e.g., 
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide 

or other suitable gas. In the case of a pressurized aerosol the dosage unit can be determined 
by providing a valve to deliver a metered amount. Capsules and cartridges of, e.g., gelatin 
for use in an inhaler or insufflator can be formulated containing a powder mix of the 

immunoconjugates/antibodies and a suitable powder base such as lactose or starch. 
[0174] The compositions of the present invention can also be formulated in rectal 

compositions such as suppositories or retention enemas, e.g., containing conventional 
suppository bases such as cocoa butter or other glycerides. 

[0175] In addition to the formulations described previously, the compositions of the 
present invention can also be formulated as a depot preparation. Such long acting 
formulations can be administered by implantation (for example subcutaneously or 
intramuscularly) or by intramuscular injection. 

[0176] Depot injections can be administered at about 1 to about 6 months or longer 
intervals. Thus, for example, the immunoconjugates/antibodies can be formulated with 

suitable polymeric or hydrophobic materials (for example as an emulsion in an acceptable 
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oil) or ion exchange resins, or as sparingly soluble derivatives, for example, as a sparingly 

soluble salt. 

[0177] In transdermal administration, the compositions of the present invention, for 

example, can be applied to a plaster, or can be applied by transdermal, therapeutic systems 

that are consequently supplied to the organism. 

[0178] The compositions of the present invention can also be administered in 

combination with other active ingredients, such as, for example, adjuvants, protease 

inhibitors, or other compatible drugs or compounds where such combination is seen to be 

desirable or advantageous in achieving the desired effects of the methods described herein. 

[0179] In some embodiments, the disintegrant component comprises one or more of 

croscarmellose sodium, carmellose calcium, crospovidone, alginic acid, sodium alginate, 

potassium alginate, calcium alginate, an ion exchange resin, an effervescent system based on 

food acids and an alkaline carbonate component, clay, talc, starch, pregelatinized starch, 

sodium starch glycolate, cellulose floe, carboxymethylcellulose, hydroxypropylcellulose, 

calcium silicate, a metal carbonate, sodium bicarbonate, calcium citrate, or calcium 

phosphate. 

[0180] In some embodiments, the diluent component comprises one or more of 

mannitol, lactose, sucrose, maltodextrin, sorbitol, xylitol, powdered cellulose, 

microcrystalline cellulose, carboxymethylcellulose, carboxyethylcellulose, methylcellulose, 

ethylcellulose, hydroxyethylcellulose, methylhydroxyethylcellulose, starch, sodium starch 

glycolate, pregelatinized starch, a calcium phosphate, a metal carbonate, a metal oxide, or a 

metal aluminosilicate. 

[0181] In some embodiments, the optional lubricant component, when present, 

comprises one or more of stearic acid, metallic stearate, sodium stearyl fumarate, fatty acid, 

fatty alcohol, fatty acid ester, glyceryl behenate, mineral oil, vegetable oil, paraffin, leucine, 

silica, silicic acid, talc, propylene glycol fatty acid ester, polyethoxylated castor oil, 

polyethylene glycol, polypropylene glycol, polyalkylene glycol, polyoxyethylene-glycerol 

fatty ester, polyoxyethylene fatty alcohol ether, polyethoxylated sterol, polyethoxylated 

castor oil, polyethoxylated vegetable oil, or sodium chloride. 

EXAMPLES 

EXAMPLE 1: Method of mapping the T-cell epitopes on the VH and VL domains of the 

EpCAM antibody fragment. 
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[0182] The sequences of VH-CR and VL-CL domains of non-deimmunized EpCAM 

antibody fragment (Fab) VB5-845-WT are represented by SEQ ID NOs: 5 and 6, and have 

also been disclosed in U.S. Patent No. 7,339,031, which is incorporated by reference herein. 

Analysis of the sequences using iTope™ was performed with overlapping 9mers spanning 

the proteins which were tested against each of 34 MHC class II alleles. Each 9mer was 

scored based on the potential 'fit' and interactions with the MHC class II molecules. The 

peptide scores calculated by the software lie between 0 and 1. Peptides that produced a high 

mean binding score (>0.55 in the iTope™ scoring function) were highlighted. If >=50% of 

the MHC class II binding peptides (i.e. 17 out of 34 alleles) had a high binding affinity 

(score >0.6), such peptides were defined as "promiscuous high affinity" MHC class II 

binding peptides. MHC class II binding peptides binding >=50% of alleles with a score 

>0.55 were defined as "promiscuous moderate affinity." The sequences were also used to 

interrogate the TCED™ by BLAST search in order to identify any high sequence homology 

to previously identified T cell epitopes. 

[0183] Non-deimmunized VR-CR domain is designated as wild-type (WT) VR-CR 

(SEQ ID NO: 5) and the de-immunized VR-CR domain is designated as de-immunized (DI) 

VR-CR (SEQ ID NO: 1). Similarly, non-deimmunized VL-CL domain is designated as wild-

type (WT) VL-CL (SEQ ID NO: 6) and the de-immunized VL-CL domain is designated as de-

immunized (DI) VL-CL (SEQ ID NO: 2). The analysis of peptides of variable domain only-

VR-WT, VR-DI, VL-WT, and VL-DI are show in Figs. 2-6. Table 1 shows the mutated amino 

acids required to generate VR-DI. Table 2 shows the mutated acids required to generate VL-

DI. 

TABLE 1 

Epitope WT amino Mutated Epitope Comments 
acids amino acids removed 

(In Silico) 
2-11 Q6, P9, V18, E6, G9, L18, Yes 
4-13 V20 L20 Yes 
5-14 Yes 
12-21 Yes 
18-27 Yes 
32-41 N31, K38 A31, R38 No N35 residue critical 
36-45 Yes for binding, could not 

be mutated 
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48-57 M48, W50 No Y53 residue critical 
50-59 No for binding, could not 

be mutated 
63-72 F63, F69, L71, V63, I69, A71, No * Change to 4D5 

A75, S76, A77 K75, N76, T77 framework and the 
presence of the 
epitope is due to the 
over predictive 
analysis of the in 
silico analysis 

79-88 I82 M82 Yes 
80-89 
89-98 Y91, A93, I97 No Y91, A93 and I97 

residues critical for 
binding, could not be 
mutated 

108-117 L109 V109 Yes 
Total :14 Total: 4 * 

TABLE 2 

Epitope WT amino Mutated Epitope Comments 
acids amino acids removed 

(In Silico) 
2-11 Q6, P9, V18, E6, G9, L18, Yes 
4-13 V20 L20 Yes 
5-14 Yes 
12-21 Yes 
18-27 Yes 
32-41 N31, K38 A31, R38 No N35 residue critical 
36-45 Yes for binding, could not 

be mutated 
48-57 M48, W50 No Y53 residue critical 
50-59 No for binding, could not 

be mutated 
63-72 F63, F69, L71, V63, I69, A71, No * Change to 4D5 

A75, S76, All K75, N76, T77 framework and the 
presence of the 
epitope is due to the 
over predictive 
analysis of the in 
silico analysis 
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79-88 
80-89 

I82 M82 Yes 

89-98 Y91, A93, I97 No Y91, A93 and I97 
residues critical for 
binding, could not be 
mutated 

108-117 L109 V109 Yes 
Total :14 Total: 4 * 

[0184] Other mutations were tested but are not listed in the above tables, because they 

failed to express or failed in binding studies. 

EXAMPLE 2: Preparation of de-immunized VB5-845 

[0185] While the Fab mutations were assessed in silico with the molecule VB5-845, 

biological characterization was done using both the de-immunized Fab alone as well as a 

fusion protein containing the de-immunized Fab fragment fused to the deBouganin toxin 

payload on the C-terminus of the light chain. The deBouganin toxin payload (SEQ ID NO:4) 

was used as a tag for flow cytometry study and as a capture step for the ELISA quantification 

of the induced supernatant. 

[0186] The mutated 845 VH and VL fragments were generated by Splice Overlapping 

Extension PCR method, SOE-PCR using the corresponding primers. Each VH and VL 

fragment was cloned into the pCR 2.1 vector and transformed into 10F E. coli cells for 

sequencing. The pCR 2.1 plasmid containing the correct insert was digested with an 

identified set of restriction enzymes, specific to either VR or VL. 

[0187] The VR fragment was digested with the restriction enzymes £coRI and SaclI 

and ligated with the Sacl I- CR-Vi,-C i ,-de-Boug-A7ie; I fragment into the pING3302 vector, pre-

digested with £coRI and Xhol. Chemically competent 1 OF E. coli cells were transformed 

with the ligation reaction and a transformed colony grown for small-scale expression. 

[0188] The VL fragment, digested with the restriction enzymes Sail and Bsml, was 

ligated with the VB6-845/pSP73 plasmid, pre-digested with the same restriction enzymes. 

The ligation reaction was transformed into 10F E. coli cells and, after ampicillin selection, 

the VB6-845/pSV73 plasmid was extracted from a colony grown overnight. The VB6-845 

insert was obtained with the combination of Seal, £coRI and Xhol restriction enzymes and 

ligated into the pING3302 vector, pre-digested with the £coRI and Xho\ restriction enzymes. 
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Chemically competent 10F E. coli cells were then transformed with the VB6-845/3302 

ligation reaction and a transformed colony grown for small-scale expression. 

[0189] To combine the mutated chains, the VR and VL fragments were digested with 

EcoRl - Sacl I and Sacl I - Xhol, respectively, and ligated in the presence of the pING3302 

plasmid, previously digested with £coRI and Xho\. Chemically competent 10F E. coli cells 

were transformed with the VB6-845 VR+VL/3302 ligation reaction and a transformed colony 

grown for small-scale expression. 

VB5-845-DI Variant Engineering 

[0190] The VB5-845 DI is represented by a heavy chain domain having an amino 

acid sequence of SEQ ID NO: 1 and a nucleotide sequence of SEQ ID NO: 19; and a light 

chain domain having an amino acid sequence of SEQ ID NO: 2 and a nucleotide sequence of 

SEQ ID NO: 20. The VB5-845-DI variant was engineered using the unique restriction site 

BssSI present in the CL kappa chain. The 845 EcoRI-V'irCn-Vj -Ci -/i.v.vS I fragment was 

ligated with the /issSI-CY kappa-ATzoI fragment into the pING3302 plasmid, pre-digested 

with £coRI and Xhol. Chemically competent 1 OF E. coli cells were transformed with the 

ligation reaction for sequencing and small-scale expression. 

Small-Scale Expression 

[0191] Transformed 10F cells containing the VB5-845-DI variant/3302 plasmid were 

inoculated into 5 mL 2-YT containing 25 |o,g/mL tetracycline and incubated at 37°C with 

constant shaking at 225 rpm. After 16 hours of incubation, 300 |o,L overnight seed culture 

was inoculated into 30 mL TB (1% inoculum), and incubated at 37°C with constant shaking 

at 225 rpm until an OD6oo of 2.0 was attained. The culture was induced with 150 |o,L L-

Arabinose (0.1% final), and incubated at 25°C with constant shaking at 225 rpm. At 16 hours 

post-induction, the culture supernatant was collected for analysis by Western blot, ELISA, 

and Flow Cytometry. 

Expression of VB5-845-DI at 15 L scale 

[0192] Cultivation in Glycerol Minimal Media (GMM) of transformed El 04 E. coli 

cells was performed in a 20 L bioreactor at 28°C, airflow and agitation of 10 SLPM and 1000 

RPM, respectively, and a pH of 7.0 maintained with ammonium hydroxide. Briefly, 15 L of 

GMM was inoculated with 150 mL of seed culture grown in GMM containing 25 |_ig/mL 

tetracycline to an OD600 of 2.0-2.5 in a shaking incubator set at 26°C and 200 RPM. In the 

20 L bioreactor, a spike in dissolved oxygen (DO) to > 90% triggered feeding with 50 % 
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glycerol via the p02 loop at a 40% DO set-point, to control the growth rate. At an OD6oo of 

50, the culture was induced with a 50 % glycerol feed containing L-arabinose using the same 

feeding strategy. After 40 hours induction, the supernatant containing VB5-845-DI was 

clarified by centrifugation followed by microfiltration, concentrated and diafiltered against 20 

mM NaP04 buffer, pH 7.0. 

Purification of a 15 L batch size 

[0193] All chromatography columns were packed in GE healthcare re-useable column 

housings and depyrogenated by flowing 1 N NaOH through the columns for 35 minutes and 

washed with WFI until pH of the column effluent was < pH 8.0. 

[0194] The theoretical isoelectric point of de-immunized VB5-845 is 8.65. The pH of 

the diafiltered culture supernatant was adjusted to pH 6.2 for binding to a weak cation 

exchange column (e.g CM sepharose prepared as per manufacturer instructions) that was 

previously equilibrated with 20 mM NaP04 buffer, 25 mM NaCl buffer pH 6.2. After 

loading, the column was washed to UV 280 nm baseline with equilibration buffer and the 

bound VB5-845-DI was eluted by increasing the pH and NaCl of the equilibration buffer to 

20 mM NaP04 buffer, 150 mM NaCl buffer pH 7.5. 

[0195] The product peak collected in the previous step was diluted 3-fold with 20 

mM NaP04 buffer pH 7.0 and the final pH of the diluted solution adjusted to pH 7.5 prior to 

application onto to an anion exchange column (e,g Q-sepharose prepared as per manufacturer 

instructions) operated in flow-through mode. The column was equilibrated with 20 mM 

NaP04, 50 mM NaCl buffer, pH 7.5. The pH of the pooled column flow-through and wash 

was then adjusted to pH 6.0 for application onto the third column. 

[0196] The pooled sample was then flowed through a cation exchange column (e.g SP 

sepharose prepared as per manufacturer instructions) previously equilibrated with 20 mM 

NaP04, 50 mM NaCl buffer, pH 6.0 and the effluent containing the product was collected. 

The pH of the effluent was adjusted to pH 7.5 and filter sterilized for long term storage at 4 
°C and -20° C. 

[0197] The level of expression of VB5-845-DI construct was estimated by Western 

blot analysis. Briefly, 16 |o,L of induced culture supernatant and 4 |o,L LDS sample buffer 

were loaded onto a NuPAGE 10% Bis-Tris gel. The gel was then transferred to a 

nitrocellulose membrane at 40V for 1 hour. After blocking and washing the membrane, the 

VB5-845-DI protein was detected using an anti-kappa-horseradish peroxidase antibody 
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(1/1000) for 2 hours at room temperature. The membrane was developed using DAB, and the 

level of expression of VB5-845-DI constructs was compared to VB6-845 and VB5-845-WT. 

The specificity of the detected bands was confirmed using non-induced E. coli supernatant. 

[0198] An ELISA was used to quantify the VB6-845 protein present in the induced 

culture supernatants. Briefly, an Immunolon IB plate was coated with 10 |o,g/mL rabbit-anti-

bouganin and incubated overnight at 4°C. After washing and blocking the plate, the VB6-

845 variants supernatants, diluted 1/320, 1/640, and 1/1280 as well as a standard curve 

prepared from the purified VB6-845-WT antibody (25 ng/mL-0.195 ng/mL), were added to 

the plate and incubated for 2 hours at 22°C. Bound VB5-845-DI protein was detected using 

an anti-kappa-horseradish peroxidase antibody (1/1000) for 1 hour at 22°C. The plate was 

developed using TMB. The VB6-845-WT and the pING3302 plasmid induced culture 

supernatants were used as a positive and negative control, respectively. 

EXAMPLE 3: In vitro binding assays 

[0199] The binding of de-immunized VB5-845 (VB5-845-DI) and non-deimmunized 

VB5-845 (VB5-845-WT) antibody fragments were evaluated on cancer cell line CAL-27 by 

flow cytometry. The purified VB5-845 variants (DI and WT) were incubated at 1 |J,g/mL 

with 0.3 x 106 tumor cells for 2 hours on ice. After washing with PBS-5% FBS, a 

biotinylated goat-anti-human IgG (H&L) antibody (1/200) was added to the cells and 

incubated for 1 hour on ice. The cells were washed with PBS-5% FBS and streptavidin-

cychrome was added for 30 minutes on ice to detect cell-bound VB5-845 proteins (FIG. 7). 

[0200] FIG. 8 shows dose-dependent binding of VB5-845-DI to EpCAM-positive 

H&N squamous cell carcinoma cell line Cal-27. No binding was observed against the 

EpCAM-negative melanoma A375. Binding is expressed as the mean fold-increase in 

median fluorescence over the PBS control by flow cytometry. 

EXAMPLE 4: Binding affinity 

[0201] The flow cytometry was used to measure the binding affinity of the VB5-845-

WT and VB5-845-DI. Briefly, VB5-845 proteins were incubated at concentrations ranging 

from 3.2 ng/mL to 1000 ng/mL with 0.2 x 106 CAL 27 cells on ice for 2 hours. After 

washing with PBS-5% FBS, a biotinylated goat-anti-human IgG antibody was added and 

incubated for 1 hour on ice. The cells were washed with PBS-5% FBS and streptavidin-

cychrome was added for 30 minutes on ice to detect cell-bound VB5-845. Values and 
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graphical analysis were generated using Sigma Plot (Jandel Scientific, San Rafael, CA). The 

inverse of the determined median fluorescence was plotted as a function of the inverse of 

antibody concentration to determine KD by the Lineweaver-Burk method. A plot was 

generated and the KD was calculated from the slope of the curve. The dissociation constant, 

KD value, was determined by the following equation: 1/F= 1/Fmax + (KD /Fmax) (1/Fab), 

where F = background subtracted median fluorescence and Fmax was calculated from the 

plot (FIG. 9). 

EXAMPLE 5: Competition assays 

[0202] The ability of the VB5-845 variants (VB5-845-DI and VB5-845-WT) to 

compete with VB6-845 for binding to CAL 27 tumor cells was determined by flow 

cytometry. VB6-845 is an immunoconjugate attached to de-immunized bouganin toxin and 

has been described in U.S. Patent No. 7,339,031 and is incorporated herein by reference. 

VB5-845 variants and VB6-845 were incubated together in 150 |o,L with 0.2 x 106 tumor cells 

for 2 hours on ice. The concentration of VB6-845 was held constant at 1 |J,g/mL while the 

concentration of VB5-845 variants was increased from 781 ng/mL to 25 |o,g/mL. Bound cell-

surface VB6-845 was detected with a mouse anti-de-bouganin antibody followed by a goat 

anti-mouse H&L coupled to FITC (FIG. 10). 

EXAMPLE 6: EpiScreen Analysis of Wild-type vs. De-Immunized Clone 

Preparation and selection of donor PBMC 

[0203] Peripheral blood mononuclear cells (PBMC) are isolated from healthy 

community donorbuffy coats (from blood drawn within 24 hours) obtained from the UK 

National Blood Transfusion Service (Addenbrooke's Hospital, Cambridge, UK) and 

according to approval granted by Addenbrooke's Hospital Local Research Ethics Committee. 

PBMC are isolated from buffy coats by Lymphoprep (Axis-shield, Dundee, UK) density 

centrifugation and CD8+ T cells are depleted using CD8+ RosetteSep™ (StemCell 

Technologies Inc, London, UK). Donors are characterized by identifying HLA-DR 

haplotypes using an HLA SSP-PCR based tissue-typing kit (Biotest, Solihull, UK). T-cell 

responses to a control antigen (Keyhole Limpet Haemocyanin (KLH), [Pierce (Perbio), 

Cramlington, UK]), as well as peptides derived from Influenza A and Epstein Barr viruses are 

also determined. PBMC are then frozen and stored in liquid nitrogen until required. 
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[0204] A cohort of 51 donors are selected to best represent the number and frequency 
of HLA-DR allotypes expressed in the world population. Analysis of the allotypes expressed 
in the cohort against those expressed in the world population will reveal that coverage of 
>80% is achieved and that all major HLA-DR allotypes (individual allotypes with a 
frequency >5% expressed in the world population) are well represented. 
EpiScreen™ time course T-cell proliferation assays 

[0205] PBMCs from each donor are thawed, counted and viability assessed. Cells are 
revived in room temperature AIM-VR culture medium, washed and resuspended in AIM-VR 
to 4-6xl06 PBMC/ml. For each donor, bulk cultures are established in which 1 mL 

proliferation cell stock is added to the appropriate wells of a 24 well plate. 0.5 mL of culture 
medium and 0.5 mL of each diluted sample are added to the PBMC to give a final 
concentration of 0.3 [iM. For each donor, a reproducibility control (cells incubated with 
100|ig/ml KLH), a positive control (cells incubated with 2.5|ig/ml PHA) and a culture 
medium-only well are also included. Cultures are incubated for a total of 8 days at 37 °C 

with 5% CO2. On days 5, 6, 7 and 8, the cells in each well are gently resuspended, and 3 x 
100 (il aliquots transferred to each well of a round bottomed 96 well plate. The cultures are 
pulsed with 0.75(iCi [3H]-Thymidine (Perkin ElmerR, Beaconsfield, UK) in 100 |il AIM-VR 

culture medium and incubated for a further 18 hours before harvesting onto filter mats 
(Perkin ElmerR) using a Skatron Micro 96S - 10056 cell harvester. Counts per minute (cpm) 

for each well are determined by Meltilex™ (Perkin ElmerR) scintillation counting on a 1450 

Microbeta Wallac Trilux Liquid Scintillation Counter (Perkin ElmerR) in paralux, low 
background counting. 
EpiScreen™ IL-2 ELISpot assays 

[0206] Identical donors to those used in the proliferation assay are also used for the 
IL-2 ELISpot assay. Cells are thawed and revived as described above. ELISpot plates 
(Millipore, Watford, UK) are pre-wetted and coated overnight with 100(il/well IL-2 capture 
sample (R&D Systems, Abingdon, UK) in PBS. Plates are then washed 3 times in PBS, 
incubated overnight in blocking buffer (1% BSA in PBS) and washed in AIM-VR medium. 
The cell density for each donor is adjusted to 4-6xl06 PBMC/ml in AIM-VR culture medium 
and 100 |iL of cells are added to each well. 50 |iL of samples and controls are added to the 

appropriate wells as well as 50 |o,L of AIMV to bring the total volume to 200 |jL/well. 

Samples are tested in sextuplicate cultures and, for each donor, a negative control (AIMV R 
medium alone), no cells control and a mitogen positive control (PHA at 2.5|ig/ml - used as 
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an internal test for ELISpot function and cell viability), are also included on each plate. After 
an 8 day incubation period, ELISpot plates are developed by sequential washing in dH20 and 
PBS (x3) prior to the addition of 100 |iL filtered, biotinylated detection sample (R&D 
Systems) in PBS / 1% BSA. Following incubation at 37 °C for 1.5 hours, plates are further 

washed in PBS (x3) and 100 |iL filtered streptavidin-AP (R&D Systems) in PBS / 1% BSA 
was added for 1.5 hours (incubation at room temperature). Streptavidin-AP is discarded and 
plates are washed in PBS (x4). 100 |iL BCIP/NBT substrate (R&D Systems) is added to each 
well and incubated for 30 minutes at room temperature. Spot development is stopped by 
washing the wells and the backs of the wells three times with dH20. Dried plates are scanned 

on an ImmunoscanR analyser and spots per well (spw) are determined using ImmunoscanR 
version 4 software. 
EpiScreen™ data analysis 

[0207] For proliferation and IL-2 ELISpot assays, an empirical threshold of a 
stimulation index (SI) equal to or greater than 2 (SI>2.00) has been previously established, 

whereby samples inducing responses above this threshold are deemed positive (borderline Sis 
>1.90 are also highlighted). Extensive assay development and previous studies have shown 

that this is the minimum signal-to-noise threshold allowing maximum sensitivity without 

detecting large numbers of false positive responses or omitting subtle immunogenic events. 
For both proliferation (n=3) and IL-2 ELISpot data (n=6) sets, positive responses are defined 

by statistical and empirical thresholds as follows: (1) Significance (p<0.05) of the response 

by comparing cpm or spw of test wells against medium control wells using unpaired two 
sample student's t-test; (2) Stimulation index greater than or equal to 2 (SI>2.00), where SI = 

mean of test wells (cpm or spw) / baseline (cpm or spw). Data presented in this way is 
indicated as SI>2.00, p<0.05. In addition, intra-assay variation is assessed by calculating the 

coefficient of variance and standard deviation (SD) of the raw data from replicate cultures. 

EXAMPLE 7: Molecular Engineering and Expression of de-immunized VB6-845 (Algo 
clone) 
Experimental Design 

VB6-845 Variant Engineering 
[0208] The mutated 845 VH and VL fragments were generated by Splice Overlapping 

Extension PCR method, SOE-PCR. Each VH and VL fragment was cloned into the pCR 2.1 

vector and transformed into 10F E. coli cells for sequencing. The pCR 2.1 plasmid 
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containing the correct insert was digested with an identified set of restriction enzymes, 

specific to either VH or VL. 

[0209] The VR fragment was digested with the restriction enzymes £coRI and Sacl I 

and ligated with the Sacll- CR-Vi,-Ci,-de-Boug-A7ie;I fragment into the pING3302 vector, pre-

digested with EcoRl and Xhol. Chemically competent 10F E. coli cells were transformed 

with the ligation reaction and a transformed colony grown for small-scale expression. 

[0210] The VL fragment, digested with the restriction enzymes Sail and Bsml, was 

ligated with the VB6-845 pSP73 plasmid, pre-digested with the same restriction enzymes. 

The ligation reaction was transformed into 10F E. coli cells and, after ampicillin selection, 

the VB6-845/pSV73 plasmid was extracted from a colony grown overnight. The VB6-845 

insert was obtained with the combination of Seal, £coRI and Xhol restriction enzymes and 

ligated into the pING3302 vector, pre-digested with the £coRI and Xho\ restriction enzymes. 

Chemically competent 10F E. coli cells were then transformed with the VB6-845/3302 

ligation reaction and a transformed colony grown for small-scale expression. 

[0211] To combine the mutated chains, the VR and VL fragments were digested with 

EcoRl - Sacll and Sacl I - Xhol, respectively, and ligated in the presence of the pING3302 

plasmid, previously digested with £coRI and Xho\. Chemically competent 10F E. coli cells 

were transformed with the VB6-845 VR+VL/3302 ligation reaction and a transformed colony 

grown for small-scale expression. 

VB5-845 Algo Engineering 

[0212] The VB5-845-Algo Fab is represented by a heavy chain domain having an 

amino acid sequence of SEQ ID NO: 11 and a nucleotide sequence of SEQ ID NO: 23; and a 

light chain domain having an amino acid sequence of SEQ ID NO: 12 and a nucleotide 

sequence of SEQ ID NO: 24. The VB5-845-Algo was engineered using the unique restriction 

site BssSI present in the CL kappa chain. The 845 Eco R I-V'i rC i rVi,-C i -/i.v.vS I fragment was 

ligated with the /issSI-CY kappa-ATzoI fragment into the pING3302 plasmid, pre-digested 

with £coRI and Xhol. Chemically competent 1 OF E. coli cells were transformed with the 

ligation reaction for sequencing and small-scale expression. 

Small Scale Expression 

[0213] Transformed 10F cells containing either the VB6-845-Algo/3302 plasmid or 

the VB5-845-Algo/3302 plasmid were inoculated into 5 mL 2-YT containing 25 |o,g/mL 

tetracycline and incubated at 37°C with constant shaking at 225 rpm. After 16 hours of 

incubation, 300 |o,L overnight seed culture was inoculated into 30 mL TB (1% inoculum), and 
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incubated at 37°C with constant shaking at 225 rpm until an OD6oo of 2.0 was attained. The 

culture was induced with 150 |o,L L-Arabinose (0.1% final), and incubated at 25°C with 

constant shaking at 225 rpm. At 16 hours post induction, the culture supernatant was 
collected for analysis by Western blot, ELISA, and Flow Cytometry. 

Western Blot Analysis 
[0214] The level of expression of the VB6-845 and VB5-845-Algo was estimated by 

Western blot analysis. Briefly, 16 |o,L of induced culture supernatant and 4 |o,L LDS sample 

buffer were loaded onto a NuPAGE 10% Bis-Tris gel. The gel was then transferred to a 
nitrocellulose membrane at 40V for 1 hour. After blocking and washing the membrane, the 
VB6/VB5-845-Algo protein was detected using an anti-kappa-horseradish peroxidase 
antibody (1/1000) for 2 hours at room temperature. The membrane was developed using 
DAB, and the level of expression of the VB6/VB5-845-Algo were compared to VB6/VB5-

845 wild types (WT), respectively. The specificity of the detected bands was confirmed 
using non-induced E. coli supernatant. 

Quantification by ELISA 
[0215] An ELISA was used to quantify the VB6-845 protein present in the induced 

culture supernatants. Briefly, an ImmunolonlB plate was coated with 10 |o,g/mL rabbit-anti-
bouganin and incubated overnight at 4°C. After washing and blocking the plate, the VB6-

845 supernatants, diluted 1/320, 1/640, and 1/1280 as well as a standard curve prepared from 
the purified VB6-845 antibody (25 ng/mL-0.195 ng/mL), were added to the plate and 
incubated for 2 hours at 22°C. Bound VB6-845 protein was detected using an anti-kappa-
horseradish peroxidase antibody (1/1000) for 1 hour at 22°C. The plate was developed using 

TMB. The VB6-845-WT and the pING3302 plasmid induced culture supernatants were used 
as a positive and negative control, respectively. 

Binding Reactivity Measured by Flow Cytometry 
[0216] VB6-845 Induced Culture Supernatants: The reactivity of the VB6-845 

constructs was assessed by flow cytometry using EpCAM-positive human squamous cell 
carcinoma CAL 27. Using the ELISA quantification, the volumes of the VB6-845 induced 
supernatant were adjusted to the lowest concentration and incubated with 0.2 x 106 tumor 
cells for 2 hours on ice. After washing with PBS-5% FBS, a rabbit-anti-bouganin antibody 

(1/100) was added to the cells and incubated for 1 hour on ice. The cells were washed with 
PBS-5% FBS, and a goat-anti-rabbit antibody coupled to FITC (1/100) was added for 30 
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minutes on ice to detect cell-bound VB6-protein. VB6-845-WT and the pING3302 plasmid 

induced culture supernatants were used as a positive and a negative control respectively. 

[0217] Purified VB5-845: The binding reactivity of purified VB5-845 variants to the 

tumor cell line CAL 27 was measured by flow cytometry. The purified VB5-845 variants 

were incubated at 1 |J,g/mL with 0.3 x 106 tumor cells for 2 hours on ice. After washing with 

PBS-5% FBS, a biotinylated goat-anti-human IgG (H&L) antibody (1/200) was added to the 

cells and incubated for 1 hour on ice. The cells were washed with PBS-5% FBS and 

streptavidin-cychrome was added for 30 minutes on ice to detect cell-bound VB5-protein. 

VB5-845-WT was used as a positive control. 

[0218] Purified VB6-845: The binding reactivity of purified VB6-845-Algo at 100 

ng/mL was measured as described previously. The cytotoxicity was measured with a MTS 

assay using EpCAM-positive and negative cell lines. VB6-845-WT was used as a positive 

control. 

Binding Affinity 

[0219] Flow cytometry was used to measure the binding affinity of the VB5-845-

Algo. Briefly, VB5-845-Algo was incubated at concentrations ranging from 3.2 ng/mL to 

1000 ng/mL with 0.2 x 106 CAL 27 cells on ice for 2 hours. After washing with PBS-5% 

FBS, a biotinylated goat-anti-human IgG antibody (1/200) was added and incubated for 1 

hour on ice. The cells were washed with PBS-5% FBS and streptavidin-cychrome (1/120) 

was added for 30 minutes on ice to detect cell-bound VB5-845-Algo. Values and graphical 

analysis were generated using Sigma Plot (Jandel Scientific, San Rafael, CA). The inverse of 

the determined median fluorescence was plotted as a function of the inverse of antibody 

concentration to determine KD by the Lineweaver-Burk method. A plot was generated and 

the KD was calculated from the slope of the curve. The dissociation constant, KD value, was 

determined by the following equation: 1/F= 1/Fmax + (KD /Fmax) (1/Fab), where F = 

background subtracted median fluorescence and Fmax was calculated from the plot. 

Competition Assay with VB6-845 or VB5-845-WT 

[0220] The ability of the VB5-845-Algo to compete with VB6-845 for binding to 

CAL 27 tumor cells was determined by flow cytometry. VB5-845-Algo and VB6-845 were 

incubated together in 150 |o,L with 0.3 x 106 tumor cells for 2 hours on ice. The concentration 

of VB6-845 was held constant at 1 |J,g/mL while the concentration of VB5-845-Algo was 

increased from 17.8 |o,g/mL to 71 |o,g/mL. The cells were washed with PBS-5% FBS, and a 

rabbit-anti-bouganin antibody (1/100) added to the cells and incubated for 1 hour on ice. 
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After washing with PBS-5% FBS, a goat-anti-rabbit antibody coupled to FITC (1/100) was 

added for 30 minutes on ice to detect cell-bound VB6 protein. VB4-845 was used as a 

positive control to compete with VB6-845 for the binding to the tumor cell line CAL 27. 

Serum Stability 

[0221] The serum stability of the VB5-845 and VB6-845 variants was determined by 

Western blot analysis. Briefly, variants were added at a concentration of 80 |o,g/mL in 500 |o,L 

human serum and incubated at 37°C, 5% CO2 for 24 hours. At 0 hour, 3 hours, 6 hours, and 

24 hours, samples were vortex and a 45 |o,L aliquot was removed and stored at -20°C in 

presence of 15 |o,L LDS. The Western blot was performed as above, loading 200 ng/well of 

variant. The VB5-845 or VB6-845 proteins were detected using a rabbit-anti-4D5 antibody 

(1/1000) for 45 minutes at room temperature, followed by an anti-rabbit-horseradish 

peroxidase antibody (1/2000) for 45 minutes at room temperature. The membrane was 

developed with DAB. Purified VB5-845 or VB6-845 were used as positive controls. 

Thermostability 

[0222] Flow cytometry was used to determine the thermo-stability of the VB5-845 

and VB6-845 variants. The VB5-845 and VB6-845 variants were added at a concentration of 

80 |j,g/mL in PBS and incubated at 37°C, 5% C02 for 24 hours. At 0 hour, 3 hours, 6 hours 

and 24 hours, a 25 |o,L aliquot was removed and stored at -20°C for analysis by flow 

cytometry. For testing, the VB5-845 and VB6-845 variant samples were diluted to 1 |J,g/mL 

and lOOng/mL, respectively in 150 |o,L PBS-5% FBS and incubated with 0.3 x 106 cells for 2 

hours on ice. After washing with PBS-5% FBS, a goat-anti-human IgG (H+L) biotinylated 

antibody (1/200) was added and incubated for 1 hour on ice. After washing, PE-Cy5 

streptavidin fluorochrome (1/120) was added to detect VB5-845 cell surface binding. The 

purified VB5-845-WT and VB6-845-WT were used as a positive control. 

T-cell proliferation of VB5-845 -Algo 

[0223] VB5-845 -Algo and VB5-845 ability to induce T-cell proliferation was 

measured by gating on the CD3+CD4+ by flow cytometry. The proliferation with or without 

the Fab proteins was analyzed by the fluorescence intensity of EdU-A488, a DNA 

incorporation marker. The data was expressed as Stimulation indices (Si-values) which 

corresponds to the ratio of the number of activated CD3+CD4+ T-lymphocytes in Fab treated 

versus untreated wells. 

Results 
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[0224] The Epibase® analysis identified the potential T-cell epitopes present in the 

heavy and light chains. The proposed changes are amino acids that correspond to germline 

sequences and were classified as "safe or risky mutations". Because according to the number 

of changes, it was not feasible to evaluate the effect of a single point mutation on the 

expression and biological activity. Therefore, safe mutations were grouped and introduced 

with two consecutive rounds of SOE-PCR. However, because according to the incertitude 

for positions VH38 and VL50, chains containing either mutated or wild-type residues were 

created. Once the sequences were verified, the mutated chains were cloned into the VB6-845 

dicistronic unit and expressed in presence of their respective wild-type counterpart. If the 

level of expression and biological activity were comparable to WT, then mutated heavy and 

light chains were combined and tested. For the "risky mutations", VH53, VR93 and VR98 

were first evaluated as a single point mutation. If determined suitable, then they were 

incorporated within the final VR construct. 

Molecular engineering of VB6-845 first generation 

1) Engineering and testing of VB6-845 first version of the "safe mutations": 

[0225] VH-algo: Two successive rounds of SOE-PCR were required to introduce all 

the mutations. As seen in Table 3, the Vn-Ir clone contained the FR1 and part of the FR3 

mutations. The Vn-Ir template was then employed in the next SOE-PCR reaction to create 

VH-Hr which contains all the mutations and in case of VH-Hr-K38, position 38 was 

unchanged. The sequencing reaction performed on the final SOE-PCR reaction also revealed 

that one of the sequenced clones, named Ilr-CDRl, contains all the mutated amino acids 

except for the CDR1 and FR2 region. The expression level of the mutated heavy chains in 

presence of the WT light chain was similar to the WT. In addition, the biological activity, 

measured by flow cytometry, was unchanged compared to WT. Of note, the higher median 

fluorescence obtained with some of the variants could be the result of the underestimation of 

the concentration obtained by ELISA. 

Table3: VH-algo mutations and biological activity 

clone FR1 CDR1 FR2 FR3 FR4 
ELISA 
(|ag/m 

L) 
MF 

WT V5 N31-
N35 K38 T68-S74-A75-A77-N82a-

A84 
L10 

9 1.9 100 

Ir Q5 N31-
N35 K38 E68-S74-A75-A77-

Q82a-E84 
L10 

9 1.5 123 
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Ilr Q5 A31-
S35 R38 E68-H74-N75-S77-

Q82a-E84 
V10 

9 1.3 117 

IIr-K38 Q5 A31-
S35 K38 E68-H74-N75-S77-

Q82a-E84 
V10 

9 1.4 120 

Ilr-
CDR1 Q5 N31-

N35 K38 E68-H74-N75-S77-
Q82a-E84 

V10 
9 1.7 141 

Amino acids in bold correspond to the mutated residues. The reported median fluorescence, 

MF, is an average of two independent experiments and is expressed as % of WT. Number as 

per Kabat nomenclature. 

[0226] VL-Algo: The light chains containing the CDR1/A50-CDR2/FR4 or 

CDR1/Q50-CDR2/FR4 mutations were introduced by the first SOE-PCR reaction. In 

contrast to the VR strategy, a construct containing only the FR2 mutations was engineered 

and tested separately. The biological activity of Ir-A50 clone decreased significantly 

demonstrating that the A50 mutation was detrimental for VB6-845 binding to EpCAM. As a 

consequence, the FR2 mutations were only added to Ir-Q50 light chain. When tested, the 

level of expression and biological activity of IIr-Q50 was 70 and 44% lower than the WT, 

respectively. Of note, the expression level and biological activity were only partially restored 

by reversing position 41 to WT amino acid. 

Table 4: VL-algo mutations and biological activity 

Clone CDR1 FR2 CDR2 FR4 ELISA 
(|xg/mL) MF 

WT R24 G41-K42 Q50-M51-N53-
A55 L106 1.47 100 

Ir-A50 K24 G41-K42 A50-A51-S53-
Q55 1106 1.42 20 

Ir-Q50 K24 G41-K42 Q50-A51-S53-
Q55 1106 1.15 93 

FR2 R24 D41-Q42 Q50-M51-N53-
A55 L106 0.91 84 

IIr-Q50 K24 D41-Q42 Q50-A51-S53-
Q55 1106 0.44 56 
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Amino acids in bold correspond to the mutated residues. The reported median 

fluorescence, MF, is an average of two independent experiments and is expressed as 

% of WT. Numbered as per Kabat nomenclature. 

[0227] VH-VL-algo: Based on the results described above, Vn-Hr and VL-Ir-Q50 were 

selected, combined and expressed as a VB6-845 recombinant fusion protein. As seen in 

Table 5, more than 66% of the biological activity was lost suggesting that some mutations 

have affected the VH-VL interface. To pinpoint the problematic area, Vn-Ir and Vn-Hr-CDRl 

were also engineered in presence of VL-Ir-Q50 and tested. The biological activity of VB6-

845-(VH-IIr-CDRl/VL-Ir-Q50) was partially restored suggesting that mutations within the 

CDR1 regions may have in part altered the VR-VL interface. 

Table 5: VR-VL Algo testing 

VR VL ELISA (|j,g/mL) MF 

WT WT 1.56 100 

Ilr Ir-Q50 1.2 34 

Ir Ir-Q50 1.46 82 

Ilr-CDRl Ir-Q50 2.05 78 

The reported median luorescence. MF, is an average of two independent experiments anc 

expressed as % of WT. 

2) Engineering and testing of the VB6-845 "risky mutations" 

[0228] VB6-845 constructs containing a single "risky" point mutation were 

engineered by SOE-PCR and tested. As seen in Table 6, only position K98Q did not affect 

biological activity. 

Table 6: VR Algo, "risky mutations" and biological activity 

clone CDR2 FR3 CDR3 ELISA 
(|xg/mL) MF 

WT Y53 A93 K98 3.2 100 

VR-N53 N53 A93 K98 4.0 23 

VR-S93 Y53 S93 K98 2.7 35 

VR-Q98 Y53 A93 Q98 3.2 108 
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The reported median fluorescence, MF, is an average of two independent experiments and is 

expressed as % of WT. Numbered as per Kabat nomenclature. 

3) Engineering and testing of VB6-845 second version 

[0229] Based on the results described above, some adjustments were undertaken. For 

the VR domain, position 35 was reversed to WT. For the VL domain, the difficulty of 

mutating the FR2 and position 50 led to a different set of mutations for the FR2 and CDR2 

regions. 

[0230] VH-algo, second version: Position 35 was reversed to an asparagine residue 

using the Ilr insert as a template in the SOE-PCR reaction. As expected, no differences in 

expression level or biological activity were observed when engineered with the wild-type 

light chain (Table 7). Similarly, the addition of the CDR3 mutation, Q98 to the IIr-N35 did 

not alter expression or biological activity. 

Table 7: VH-algo second version, mutations and biological activity 

clone FR1 CDR1 FR2 FR3 CDR 
3 FR4 

ELISA 
(|ag/m 

L) 
MF 

WT V5 N31-
N35 K38 T68-S74-A75-A77-N82a-

A84 
K98 L10 

9 1.2 100 

Ilr Q5 A31-
S35 R38 E68-H74-N75-S77-Q82a-

E84 
K98 V10 

9 1.35 72 

Ilr-CDRl Q5 N31-
N35 K38 E68-H74-N75-S77-Q82a-

E84 
K98 V10 

9 1.23 117 

IIr-N35 Q5 A31-
N35 R38 E68-H74-N75-S77-Q82a-

E84 
K98 V10 

9 1.2 109 

IIr-N35-
Q98 Q5 A31-

N35 R38 E68-H74-N75-S77-Q82a-
E84 Q98 V10 

9 1.2 100 

Amino acids in bold correspond to the mutated residues. The reported median fluorescence, 

MF, is an average of two independent experiments and is expressed as % of WT. Numbered 

as per Kabat nomenclature. 

[0231] VL-algo, second version: Both light chains containing either the FR2 (H39-

S42) or CDR2 (E51-H53-Q55) mutations showed decreased binding when tested as a VB6-

845 molecule. This effect was further amplified when combined with the CDR1 and FR4 

mutations as a final VL construct (IIr/FR2/CDR2). Of note, it is also possible that the light 

chain mutations will only be functional in presence of the mutated VR. However, as a 
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contingency, a light chain (Ilr-KSHI) containing only few mutations which will have the 

greatest impact on depleting the T-cell epitopes was also engineered and the biological 

activity was found similar to VB6-845 WT. 

Table 8: VL algo second version, mutations and biological activity 

clone CDR1 FR2 CDR2 FR4 ELISA 
(|xg/mL) MF 

WT R24 K39-K42 Q50-M51-N53-
A55 L106 0.69 100 

CDR2 R24 K39-K42 Q50-E51-H53-
Q55 L106 0.78 70 

FR2 R24 H39-S42 Q50-M51-N53-
A55 L106 0.6 68 

Ir-CDR2 K24 K39-K42 Q50-E51-H53-
Q55 1106 0.73 57 

IIr-FR2-
CDR2 K24 H39-S42 Q50-E51-H53-

Q55 1106 0.29 45 

Ilr-KSHI K24 K39-S42 Q50-M51-H53-
A55 1106 0.63 89 

Amino acids in bold correspond to the mutated residues. The reported median fluorescence, 

MF, is an average of two independent experiments and is expressed as % of WT. Numbered 

as per Kabat nomenclature. 

[0232] VH-VL-algo, second version: The final VR chain, IIr-N35-Q98 was combined 

with VL-Ir-CDR2, VL-IIr-FR2-CDR2 and VL-IIr-KSHI. As seen in table 7, only the VB6-845 

construct containing the combined VH-Hr-N35-Q98 and VL-IIr-KSHI had a similar 

expression level and biological activity to the WT and is referred as VB6-845-Algo. The 

other combinations yield significant loss in expression and binding to EpCAM. 

Table 9: VR-VL Algo second version testing 

VR VL ELISA (|j,g/mL) MF 

WT WT 1.2 100 

IIr-N35-Q98 Ir-CDR2 0.76 45 
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IIr-N35-Q98 IIr-FR2-CDR2 0.34 38 

IIr-N35-Q98 Ilr-KSHI 0.9 94 

The reported median fluorescence, MF, is an average of two independent experiments 

and is expressed as % of WT. Numbered as per Kabat nomenclature. 

Biological activity of VB5-845-Algo 

[0233] To prevent deBouganin interference with the T-cell proliferation assay, the 

VB5-845 Fab version of VB6-845-Algo was created, expressed and purified. Purified VB5-

845-Algo Fab protein was submitted to various biological testing and the data compared to 

VB5-845-WT. 

Competition Assay 

[0234] To ensure that the specificity was not altered, the ability of VB5-845-Algo to 

compete with VB6-845 binding to EpCAM-positive CAL-27 cells was tested. As shown in 

FIG. 13, VB5-845-Algo (open circle) competed VB6-845 binding. VB4-845 and VB5-845-

WT were used as positive controls. 

Human serum stability 

[0235] To demonstrate that the mutations did not created proteolytic sites, VB5-845-

Algo and VB5-845-WT were incubated in human serum at 37°C to a maximum of 24 hours. 

The stability of the VB5 proteins was assessed by Western blot analysis. As shown in FIG. 

14, the analysis revealed no changes in the intensity suggesting that both VB5-845 proteins 

remained intact in human serum. 

Thermo-stability 

[0236] To ensure that the mutations did not affect the thermo-stability of the VH-VL 

interface, the biological activity of VB5-845-Algo was assessed by flow cytometry after 

incubation at 37°C in lxPBS for 0, 3, 6 and 24 hours. The data is expressed as the 

percentage of the median fluorescence obtained at 0 hour (FIG. 15). VB5-845-Algo showed 

a slight increase over the 0 hour control suggesting that the Fab moiety is thermally stable. 

Binding affinity 

[0237] The binding affinity was measured by flow cytometry using CAL-27 tumor 

cells. Using a titration curve, the KD was determined as described in the experimental 

designs (Table 10). 
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Table 10 

clone KD (nM) 

VB5-845-WT 1.56 

VB5-845-Algo 1.31 

Biological activity of VB6-845-Algo 

[0238] To assess biological activity, VB6-845-Algo (containing deBouganin) was 

purified and tested by flow cytometry and MTS assay using CAL-27, HT-29, MCF-7 and 

OVCAR-3 EpCAM-positive cell lines. A-375 and COLO-32C) EpCAM-negative cell lines 

were also included to ensure that the VB6-845-Algo specificity was not altered. As shown in 

Table 11, VB6-845-Algo binding to EpCAM-positive cell lines was 53% to 32% lower than 

the VB6-845-WT (used as a positive control). As a consequence, VB6-845-Algo was 7 to 9 

times less potent compared to WT. As expected, no binding or IC50 were measured with the 

EpCAM-negative cell lines. 

Table 11 

VB6-845-Algo VB6-845-WT 

FI (100 ng/mL) IC50 (nM) FI (100 ng/mL) IC50 (nM) 

CAL-27 14 18 29.3 2.1 

HT-29 41.6 15 58.1 1.7 

MCF-7 27.7 2.3 46 0.3 

OVCAR-3 40.9 2.9 59.3 0.4 

A-375 1 >50 1.05 >50 

COLO-32C) 1.3 >50 1.6 >50 

Representative numbers of two independent experiments. The Fold increased (FI) is 

an average of two independent measurements. 
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Immunogenicity 

[0239] The immunogenicity profile of the VB5-845-Algo was measured by the 

proliferation of CD3+CD4+ T cell and compare to VB5-845-WT. As expected, 12 donors 

out of 53 were responsive to VB5-845-WT which represents almost 23% (FIG. 16). In 

contrast, only 2 donors gave a response to the VB5-845-Algo (almost 4%) demonstrating that 

the introduced mutations have significantly reduced the immunogenic potential of the Fab 

moiety. 
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SEQUENCE LISTING 

SEQ ID NO: 1 (de-immunized VH-CR or DI VR-CR) 

EVQLVE S GGGLV QPGGSLRL S C AAS GYTFT AY GMNWVRQ AP GKGLEWMG 

WINTYTGESTYADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCARFAI 

KGDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPV 

TVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPS 

NTKVDKKVEPKSC 

SEQ ID NO : 2 (de-immunized VL-CL or DI VL-CL) 

DIQMTQSPSSLSASVGDRVTITCRSTKSLLHSNGITYLYWYQQKPGKAPKLLI 

Y QMSNL AS GVP S RF S S S GS GTDFTLTIS S LQPEDF ATYY C AQNLEIPRTF GTGT 

KVEIKRTV AAP S VFIFPP S DEQLKS GT AS V V CLLNNFYPRE AKV Q WKVDNAL 

QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVT 

KSFNRGEC 

SEQ ID NO: 3 (ETA toxin 252-608) 

EGGSLAALTAHQACHLPLETFTRHRQPRGWEQLEQCGYPVQRLVALYLAAR 

LSWNQVDQVIRNALASPGSGGDLGEAIREQPEQARLALTLAAAESERFVRQG 

TGNDEAGAASADVVSLTCPVAAGECAGPADSGDALLERNYPTGAEFLGDGG 

D V SF STRGT QNWTERLLQ AHRQLEERGYVF V GYHGTFLE AAQ SIVF GGVRAR 

SQDLDAIWRGFYIAGDPALAYGYAQDQEPDARGRIRNGALLRVYVPRSSLPG 

FYRTGLTLAAPEAAGEVERL1GHPLPLRLDAITGPEEEGGRLETILGWPLAERT 

V VIP S AIPTDPRNV GGDLDP S SIPDKEQ AIS ALPDY AS QPGKPP 

SEQ ID NO: 4 (modified bouganin protein) 

YNTVSFNLGEAYEYPTFIQDLRNELAKGTPV CQLPVTLQTIADDKRFVLVDIT 

TTSKKTVKVAIDVTDVYVVGYQDKWDGKDRAVFLDKVPTVATSKLFPGVTN 

RVTLTFDGS Y QKL VNAAKADRKALELGVNKLEF SIEAIHGKTIN GQE AAKFFL 

IVIQMVSEAARFKYIETEVVDRGLYGSFKPNFKVLNLENNWGDISDAIHKSSP 

QCTTINP ALQLISP SNDP WVVNKVS QISPDMGILKFKS SK 

SEQ ID NO: 5 (wild-type VH-CH or WT VH-CH) 
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EV QLVQSGPGLV QPGGSVRISC AASGYTFTNY GMNWVKQAPGKGLEWMGW 

INTYTGESTYADSFKGRFTFSLDTSASAAYLQINSLRAEDTAVYYCARFAIKG 

DYWGQGTLLTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVS 

WN S GALTS GVHTFP AVLQ S S GLY S LS S V VTVP S S SLGTQTYICNVNHKP SNTK 

VDKKVEPKSC 

SEQ ID NO: 6 (wild-type VL-CL or WT VL-CL) 

DIQMTQSPSSLSASVGDRVTITCRSTKSLLHSNGITYLYWYQQKPGKAPKLLI 

Y QMSNL AS GVP S RF S S S GS GTDFTLTIS S LQPEDF ATYY C AQNLEIPRTF GQGT 

KVELKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNAL 

QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVT 

KSFNRGEC 

SEQ ID NO: 7 (DNA sequence of de-immunized VB5-845) 

C T GC AGGT CT AT GGA AC GAT A A AT GC C C AT GA A AATT CT ATTT C A AGGAG 

ACAGTCATAatgaaatacctattgcctacggcagccgctggattgttattactcgctgcccaaccagcgatggcgG 

AAGTACAGCTGGTCgaaTCCGGTggtGGTCTGGTTCAGCCGGGTGGTAGCctgC 

GTctgAGCTGCGCGGCGAGCGGTTACACCTTCACCgcgTACGGTATGAACTG 

GGTTcgtCAGGCTCCGGGTAAAGGTTTGGAATGGATGGGTTGGATCAACAC 

CTATACCGGTGAGTCTACCTACGCTGATAGCgttAAAGGCCGTTTCACCatcA 

GCgctGACACTAGCaaaaacaccGCGTACCTGCAGatgAACTCTCTGCGTGCTGAG 

GACACTGCGGTTTACTACTGCGCTCGTTTCGCGATCAAAGGTGACTATTGG 

GGTCAGGGTACTCTGgttACCGTTAGCAGCGCTAGCACTAAgGGcCCGTCCG 

TTTTCCCACTGGCTCCGTCTTCTAAAAGCACTTCTGGTGGTACCGCGGCTC 

TGGGTTGCCTTGTTAAAGACTACTTCCCTGAACCGGTCACCGTTAGCTGGA 

ACTCCGGTGCGTTGACCTCTGGTGTTCACACCTTCCCAGCGGTTCTGCAGT 

CTAGCGGTCTGTATAGCCTGAGCTCTGTAGTTACCGTTCCGTCTTCTAGCC 

TGGGTACGCAGACCTACATCTGCAACGTGAACCACAAACCGAGCAACACT 

A A AGT GGAT A A A A A AGTT GA AC C GA AGT C TT GCT AGT A AT CT AGAGT C GA 

CCTGCAGGTCTATGGAACGATAAATGCCCATGAAAATTCTATTTCAAGGA 

GACAGTCATAATGAAATACCTTCTGCCGACCGCTGCCGCTGGTCTGCTGCT 

GTTGGCTGCTCAACCGGCTATGGCAGACATCCAGATGACCCAGTCCCCGT 

CTAGCCTGAGCGCAAGCGTTGGTGACCGTGTGACCATCACCTGCCGTAGC 
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ACTAAATCCCTGCTGCACTCTAACGGCATCACCTACCTGTATTGGTACCAA 

CAGAAACCGGGTAAAGCTCCGAAACTGCTGATCTACCAGATGTCTAACCT 

GGCTAGCGGCGTTCCTTCTCGTTTTTCTTCTAGCGGTAGCGGTACTGACTT 

CACCCTGACCATTAGCTCTCTGCAGCCTGAAGACTTTGCGACCTACTATTG 

CGCTCAGAACCTTGAAATCCCGCGTACCTTCGGCaccGGTACCAAAGTTGA 

AatcAAGCGTACCGTTGCGGCTCCGTCTGTTTTCATCTTCCCACCTAGCGAT 

GAAC AGCTT AAATCT GGT ACTGCT AGCGT AGTTTGC CTGCTT AAC AACTTC 

TACCCTCGTGAAGCTAAAGTTCAGTGGAAAGTTGACAACGCTCTGCAGTC 

TGGTAACTCTCAGGAATCTGTGACCGAACAGGATAGCAAAGATAGCACCT 

ATAGCCTGTCTAGCACCCTGACCCTTAGCAAGGCGGACTATGAAAAACAC 

AAAGTTTACGCTTGCGAGGTGACCCACCAAGGTCTGTCTTCTCCGGTGACT 

AAAT C CTTT AAC C GT GGC GA AT GCT AGT GA 

SEQ ID NO: 8 (4D5MOC-B) 

DIQMTQSPSSLSASVGDRVTITCRSTKSLLHSNGITYLYWYQQKPGKAPK 

LLIY QMSNL AS GVP S RF S S S GS GTDFTLTIS S LQPEDF ATYY C AQNLEIP 

RTFGQGTKVELKRTPSHNSHQVPSAGGPTANSGTSGSEVQLVQSGPGLVQ 

PGGSVRISCAASGYTFTNYGMNWVKQAPGKGLEWMGWINTYTGESTYADSF 

KGRFTF S LDTS AS AAYLQIN S LRAEDT AVYY C ARF AIKGDYW GQGTLLTV S S 

SEQ ID NO: 9 (modified bouganin protein) 

YNTVSFNLGEAYEYPTFIQDLRNELAKGTPV CQLPVTLQTIADDKRFVLVDIT 

TTSKKTVKVAIDVTDVYVVGYQDKWDGKDRAVFLDKVPTVATSKLFPGVTN 

RVTLTFDGSYQKLVNAAKX1DRKX2LX3LGVX4KLEFSIEAIHGKTINGQEX5AK 

FFLIVIQMVSEAARFKYIETEVVDRGLYGSFKPNFKVLNLENNWGDISDAIHK 

SSPQCTTINPALQLISPSNDPWVVNKVSQISPDMGILKFKSSK 

wherein X1 at position 123 is Thr or Ala or Gin; X2 at position 127 is Gly or 

Ala; X3 at position 129 is Gin or Gly or Glu; X4 at position 133 is Asn or Asp or Thr 

or Ala or Arg or Gin or Glu or Gly or His or Lys or Ser; and X5 at position 152 is Gin 

or Ala. 

SEQ ID NO: 10 (VB6-845) 
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MKYLLPTAAAGLLLLAAQPAMAEV QLVQSGPGLV QPGGSVRISC AASGYTFT 

NYGMNWVKQAPGKGLEWMGWINTYTGESTYADSFKGRFTFSLDTSASAAY 

LQINSLRAEDTAVYY C ARF AIKGDYW GQGTLLTV S S ASTKGP S VFPLAPS SKS 

TSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVV 

TVP S S SLGT QTYICNVNHKP SNTKVDKKVEPKS CTRHRQPRGWEQLYNT V SF 

NLGEAYEYPTFIQDLRNELAKGTPVCQLPVTLQTIADDKRFVLVDITTTSKKT 

VKV AIDVTDVYVV GY QDKWDGKDRAVFLDKVPTV ATSKLFPGVTNRVTLTF 

DGSYQKLVNAAKADRKALELGVNKLEFSIEAIHGKTINGQEAAKFFLIVIQMV 

SEAARFKYIETEVVDRGLYGSFKPNFKVLNLENNWGDISDAIHKSSPQCTTINP 

ALQLISPSNDPWVVNKVSQISPDMGILKFKSSKMKYLLPTAAAGLLLLAAQPA 

MAHHHHHHDIQMTQSPSSLSASVGDRVTITCRSTKSLLHSNGITYLYWYQQK 

PGKAPKLLIYQMSNLASGVPSRFSSSGSGTDFTLTISSLQPEDFATYYCAQNLE 

IPRTFGQGTKVELKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKV 

QWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVT 

HQGLSSPVTKSFNRGEC 

SEQ ID NO: 11 (Algo VH-CH) 

EVQLQQ S GPGL V QP GGS VRIS C AAS GYTFT AY GMNWVRQ APGKGLEWMGW 

INTYT GES TY AD SFKGRFEF S LDTHN S S AYLQIQ S LREEDT AVYY C ARF AIQG 

DYW GQGTL VTV S S AS TKGP S VFPL AP S SKS TS GGT AALGCL VKDYFPEP VTV S 

WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK 

VDKKVEPKSC 

SEQ ID NO: 12 (Algo VL-CL) 

DIQMTQSPSSLSASVGDRVTITCKSTKSLLHSNGITYLYWYQQKPGSAPKLLIY 

QMSHLASGVPSRFSSSGSGTDFTLTISSLQPEDFATYYCAQNLEIPRTFGQGTK 

VEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQS 

GNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSF 

NRGEC 

SEQ ID NO: 13 (DI VH-CH-deBouganin) 

EV QLVESGGGLV QPGGSLRLSCAASGYTFTAY GMNWVRQ APGKGLEWMG 

WINTYTGESTYADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCARFAI 
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KGDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPV 

TVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPS 

NTKVDKKVEPKSCTRHRQPRGWEQKYNTVSFNLGEAYEYPTFIQDLRNELAK 

GTPV CQLPVTLQTIADDKRFVLVDITTTSKKTVKV AIDVTDVYVV GY QDKWD 

GKDRAVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLVNAAKADRKALEL 

GVNKLEFSIEAIHGKTINGQEAAKFFLIVIQMV SEAARFKYIETEVVDRGLY GS 

FKPNFKVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQIS 

PDMGILKFKSSK 

SEQ ID NO: 14 (Algo VH-CH-deBouganin) 

EVQLQQ S GPGL V QP GGS VRIS C AAS GYTFT AY GMNWVRQ APGKGLEWMGW 

INTYT GES TY AD SFKGRFEF S LDTHN S S AYLQIQ S LREEDT AVYY C ARF AIQG 

DYW GQGTL VTV S S AS TKGP S VFPL AP S SKS TS GGT AALGCL VKDYFPEP VTV S 

WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK 

VDKKVEPKSCTRHRQPRGWEQKYNTVSFNLGEAYEYPTFIQDLRNELAKGTP 

VCQLPVTLQTIADDKRFVLVDITTTSKKTVKVAIDVTDVYVVGYQDKWDGK 

DRAVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLVNAAKADRKALELGV 

NKLEFSIEAIHGKTINGQEAAKFFLIVIQMVSEAARFKYIETEVVDRGLY GSFK 

PNFKVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPD 

MGILKFKSSK 

SEQ ID NO: 15 (WT VH-CH-deBouganin) 

EV QLVQSGPGLV QPGGSVRISC AASGYTFTNY GMNWVKQ APGKGLEWMGW 

INTYTGESTYADSFKGRFTFSLDTSASAAYLQINSLRAEDTAVYYCARFAIKG 

DYWGQGTLLTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVS 

WN S GALTS GVHTFP AVLQ S S GLY S LS S V VTVP S S SLGTQTYICNVNHKP SNTK 

VDKKVEPKSCTRHRQPRGWEQKYNTVSFNLGEAYEYPTFIQDLRNELAKGTP 

VCQLPVTLQTIADDKRFVLVDITTTSKKTVKVAIDVTDVYVVGYQDKWDGK 

DRAVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLVNAAKADRKALELGV 

NKLEFSIEAIHGKTINGQEAAKFFLIVIQMVSEAARFKYIETEVVDRGLY GSFK 

PNFKVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPD 

MGILKFKSSK 
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SEQ ID NO: 16 (DI VL-CL-deBouganin) 

DIQMTQSPSSLSASVGDRVTITCRSTKSLLHSNGITYLYWYQQKPGKAPKLLI 

Y QMSNL AS GVP S RF S S S GS GTDFTLTIS S LQPEDF ATYY C AQNLEIPRTF GT GT 

KVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNAL 

QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVT 

KSFNRGECTRHRQPRGWEQKYNTV SFNLGEAYEYPTFIQDLRNELAKGTPV C 

QLPVTLQTIADDKRF VLVDITTTSKKTVKV AIDVTD VYVV GY QDKWDGKDR 

AVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLVNAAKADRKALELGVNK 

LEFSIEAIHGKTINGQEAAKFFLIVIQMV SEAARFKYIETEVVDRGLY GSFKPNF 

KVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPDMGI 

LKFKSSK 

SEQ ID NO: 17 (Algo VL-CL-deBouganin) 

DIQMTQSPSSLSASVGDRVTITCKSTKSLLHSNGITYLYWYQQKPGSAPKLLIY 

QMSHLASGVPSRFSSSGSGTDFTLTISSLQPEDFATYYCAQNLEIPRTFGQGTK 

VEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQS 

GNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSF 

NRGECTRHRQPRGWEQKYNTVSFNLGEAYEYPTFIQDLRNELAKGTPVCQLP 

VTLQTIADDKRFVLVDITTTSKKTVKV AIDVTD VYVV GY QDKWDGKDRAVF 

LDKVPTVATSKLFPGVTNRVTLTFDGSYQKLVNAAKADRKALELGVNKLEFS 

IEAIHGKTINGQEAAKFFLIVIQMV SEAARFKYIETEVVDRGLY GSFKPNFKVL 

NLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPDMGILKF 

KSSK 

SEQ ID NO: 18 (WT VL-CL-deBouganin) 

DIQMTQSPSSLSASVGDRVTITCRSTKSLLHSNGITYLYWYQQKPGKAPKLLI 

Y QMSNL AS GVP S RF S S S GS GTDFTLTIS S LQPEDF ATYY C AQNLEIPRTF GQGT 

KVELKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNAL 

QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVT 

KSFNRGECTRHRQPRGWEQKYNTV SFNLGEAYEYPTFIQDLRNELAKGTPV C 

QLPVTLQTIADDKRFVLVDITTTSKKTVKV AIDVTD VYVVGYQDKWDGKDR 

AVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLVNAAKADRKALELGVNK 

LEFSIEAIHGKTINGQEAAKFFLIVIQMV SEAARFKYIETEVVDRGLY GSFKPNF 
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KVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPDMGI 

LKFKSSK 

SEQ ID NO: 19 (Nucleotide sequence of DI VH-CR) 

CTG CAG GTC TAT GGA ACG ATA AAT GCC CAT GAA AAT TCT ATT TCA 

AGG AGA CAG TCA TA ATG AAA TAC CTA TTG CCT ACG GCA GCC GCT 

GGA TTG TTA TTA CTC GCT GCC CAA CCA GCG ATG GCG GAA GTA CAG 

CTG GTC gaa TCC GGT ggt GGT CTG GTT CAG CCG GGT GGT AGC ctg CGT 

ctg AGC TGC GCG GCG AGC GGT TAC ACC TTC ACC gcg TAC GGT ATG 

AAC TGG GTT cgt CAG GCT CCG GGT AAA GGT TTG GAA TGG ATG GGT 

TGG ATC AAC ACC TAT ACC GGT GAG TCT ACC TAC GCT GAT AGC gtt 

AAA GGC CGT TTC ACC ate AGC get GAC ACT TCT aaa aac acc GCG TAC 

CTG CAG atg AAC TCT CTG CGT GCT GAG GAC ACT GCG GTT TAC TAC 

TGC GCT CGT TTC GCG ATC AAA GGT GAC TAT TGG GGT CAG GGT ACT 

CTG gtt ACC GTT AGC AGC GCT AGC ACT AAG GGC CCG TCC GTT TTC 

CCA CTG GCT CCG TCT TCT AAA AGC ACT TCT GGT GGT ACC GCG GCT 

CTG GGT TGC CTT GTT AAA GAC TAC TTC CCT GAA CCG GTC ACC GTT 

AGC TGG AAC TCC GGT GCG TTG ACC TCT GGT GTT CAC ACC TTC CCA 

GCG GTT CTG CAG TCT AGC GGT CTG TAT AGC CTG AGC TCT GTA GTT 

ACC GTT CCG TCT TCT AGC CTG GGT ACG CAG ACC TAC ATC TGC AAC 

GTG AAC CAC AAA CCG AGC AAC ACT AAA GTG GAT AAA AAA GTT 

GAA CCG AAG TCT TGC TAG TAA 

SEQ ID NO: 20 (Nucleotide sequence of DI VL-CL) 

CTG CAG GTC TAT GGA ACG ATA AAT GCC CAT GAA AAT TCT ATT TCA 

AGG AGA CAG TCA TA ATG AAA TAC CTT CTG CCG ACC GCT GCC GCT 

GGT CTG CTG CTG TTG GCT GCT CAA CCG GCT ATG GCA GAC ATC CAG 

ATG ACC CAG TCC CCG TCT AGC CTG AGC GCA AGC GTT GGT GAC CGT 

GTG ACC ATC ACC TGC CGT AGC ACT AAA TCC CTG CTG CAC TCT AAC 

GGC ATC ACC TAC CTG TAT TGG TAC CAA CAG AAA CCG GGT AAA GCT 

CCG AAA CTG CTG ATC TAC CAG ATG TCT AAC CTG GCT AGC GGC GTT 

CCT TCT CGT TTT TCT TCT AGC GGT AGC GGT ACT GAC TTC ACC CTG 

ACC ATT AGC TCT CTG CAG CCT GAA GAC TTT GCG ACC TAC TAT TGC 
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GCT CAG AAC CTT GAA ATC CCG CGT ACC TTC GGC acc GGT ACC AAA 

GTT GAA ate AAG CGT ACC GTT GCG GCT CCG TCT GTT TTC ATC TTC 

CCA CCT AGC GAT GAA CAG CTT AAA TCT GGT ACT GCT AGC GTA GTT 

TGC CTG CTT AAC AAC TTC TAC CCT CGT GAA GCT AAA GTT CAG TGG 

AAA GTT GAC AAC GCT CTG CAG TCT GGT AAC TCT CAG GAA TCT GTG 

ACC GAA CAG GAT AGC AAA GAT AGC ACC TAT AGC CTG TCT AGC ACC 

CTG ACC CTT AGC AAG GCG GAC TAT GAA AAA CAC AAA GTT TAC GCT 

TGC GAG GTG ACC CAC CAA GGT CTG TCT TCT CCG GTG ACT AAA TCC 

TTT AAC CGT GGC GAA TGC TAG TGA 

SEQ ID NO: 21 (Nucleotide sequence of WT VH-CR) 

CTG CAG GTC TAT GGA ACG ATA AAT GCC CAT GAA AAT TCT ATT TCA 

AGG AGA CAG TCA TA ATG AAA TAC CTA TTG CCT ACG GCA GCC GCT 

GGA TTG TTA TTA CTC GCT GCC CAA CCA GCG ATG GCG GAA GTA CAG 

CTG GTT CAG TCC GGC CCG GGT CTT GTT CAA CCG GGT GGT TCC GTT 

CGT ATC TCT TGC GCT GCT TCT GGT TAC ACG TTC ACC AAC TAC GGC 

ATG AAC TGG GTC AAA CAG GCT CCG GGT AAA GGC CTG GAA TGG 

ATG GGC TGG ATC AAC ACC TAC ACC GGT GAA TCC ACC TAC GCT GAC 

TCC TTC AAA GGT CGC TTC ACT TTC TCC CTC GAC ACA AGT GCT AGT 

GCT GCA TAC CTC CAA ATC AAC TCG CTG CGT GCA GAG GAT ACA GCA 

GTC TAT TAC TGC GCC CGT TTC GCT ATC AAA GGT GAC TAC TGG GGT 

CAA GGC ACG CTG CTG ACC GTT TCC TCG GCT AGC ACC AAA GGC CCA 

TCG GTC TTC CCC CTG GCA CCC TCC TCC AAG AGC ACC TCT GGG GGC 

ACA GCG GCC CTG GGC TGC CTG GTC AAG GAC TAC TTC CCC GAA CCG 

GTG ACG GTG TCG TGG AAC TCA GGC GCC CTG ACC AGC GGC GTG CAC 

ACC TTC CCG GCT GTC CTA CAG TCC TCA GGA CTC TAC TCC CTC AGC 

AGC GTG GTG ACC GTG CCC TCC AGC AGC TTG GGC ACC CAG ACC TAC 

ATC TGC AAC GTG AAT CAC AAG CCC AGC AAC ACC AAG GTG GAC 

AAG AAA GTT GAG CCC AAA TCT TGT TAG TGA 

SEQ ID NO: 22 (Nucleotide sequence of WT VL-CL) 

CTG CAG GTC TAT GGA ACG ATA AAT GCC CAT GAA AAT TCT ATT TCA 

AGG AGA CAG TCA TA ATG AAA TAC CTA TTG CCT ACG GCA GCC GCT 
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GGA TTG TTA TTA CTC GCT GCC CAA CCA GCG ATG GCG CAC CAT CAT 

CAC CAT CAC GAT ATC CAG ATG ACC CAG TCC CCG TCC TCC CTG AGT 

GCT TCT GTT GGT GAC CGT GTT ACC ATC ACC TGC CGT TCC ACC AAA 

TCC CTC CTG CAC TCC AAC GGT ATC ACC TAC CTT TAT TGG TAT CAA 

CAG AAA CCG GGT AAA GCT CCG AAA CTT CTG ATC TAC CAG ATG TCC 

AAC CTG GCT TCC GGT GTT CCG TCT CGT TTC TCC AGT TCT GGT TCT 

GGT ACC GAC TTC ACC CTG ACC ATC TCT TCT CTG CAG CCG GAA GAC 

TTC GCT ACC TAC TAC TGC GCT CAG AAC CTG GAA ATC CCG CGT ACC 

TTC GGT CAG GGT ACC AAA GTT GAA CTT AAG CGC ACT GTG GCT GCA 

CCA TCT GTC TTC ATC TTC CCG CCA TCT GAT GAG CAG TTG AAA TCT 

GGA ACT GCC TCT GTT GTG TGC CTG CTG AAT AAC TTC TAT CCC AGA 

GAG GCC AAA GTA CAG TGG AAG GTG GAT AAC GCC CTC CAA TCG 

GGT AAC TCC CAG GAG AGT GTC ACA GAG CAG GAC AGC AAG GAC 

AGC ACC TAC AGC CTC AGC AGC ACC CTG ACG CTG AGC AAA GCA 

GAC TAC GAG AAA CAC AAA GTC TAC GCC TGC GAA GTC ACC CAT CAG 

GGC CTG AGC TCG CCC GTC ACA AAG AGC TTC AAC AGG GGA GAG TGT 

TAG TGA 

SEQ ID NO: 23 (Nucleotide sequence of Algo VH-CR) 

GAATTCCTGCAGGTCTATGGAACGATAAATGCCCATGAAAATTCTATTTCA 

AGGAGACAGTCATAATGAAATACCTATTGCCTACGGCAGCCGCTGGATTG 

TTATTACTCGCTGCCCAACCAGCGATGGCGGAAGTACAGCTGcagCAGTCC 

GGTCCGGGTCTGGTTCAGCCGGGTGGTAGCGTTCGTATTAGCTGCGCGGC 

GAGCGGTTACACCTTCACCgcgTACGGTATGAACTGGGTTcgtCAGGCTCCG 

GGT A AAGGTTT GGA AT GGAT GGGTT GGAT C A AC AC CT AT ACC GGT GAGT C 

TACCTACGCTGATAGCTTCAAAGGCCGTTTCgaaTTTAGCCTTGACACTcacaa 

cAGCtctGCGTACCTGCAGATTcagTCTCTGCGTgaaGAGGACACTGCGGTTTA 

CTACTGCGCTCGTTTCGCGATCcagGGTGACTATTGGGGTCAGGGTACTCTG 

gttACCGTTAGCAGCGCTAGCACTAAgGGcCCGTCCGTTTTCCCACTGGCTCC 

GTCTTCTAAAAGCACTTCTGGTGGTACCGCGGCTCTGGGTTGCCTTGTTAA 

AGACTACTTCCCTGAACCGGTCACCGTTAGCTGGAACTCCGGTGCGTTGAC 

CTCTGGTGTTCACACCTTCCCAGCGGTTCTGCAGTCTAGCGGTCTGTATAG 

CCTGAGCTCTGTAGTTACCGTTCCGTCTTCTAGCCTGGGTACGCAGACCTA 
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CATCTGCAACGTGAACCACAAACCGAGCAACACTAAAGTGGATAAAAAA 

GTT GA AC C GA AGT CTT GCT AGT A A 

SEQ ID NO: 24 (Nucleotide sequence of Algo VL-CL) 

TCTAGAGTCGACCTGCAGGTCTATGGAACGATAAATGCCCATGAAAATTC 

TATTTCAAGGAGACAGTCATAATGAAATACCTTCTGCCGACCGCTGCCGCT 

GGT CT GCT GCT GTT GGCT GCT C AACC GGCT AT GGC AGAC ATCC AGAT GAC 

CCAGTCCCCGTCTAGCCTGAGCGCAAGCGTTGGTGACCGTGTGACCATCA 

CCTGCaaaAGCACTAAATCCCTGCTGCACTCTAACGGCATCACCTACCTGTA 

TTGGTACCAACAGAAACCGGGTtctGCTCCGAAACTGCTGATCTACCAGATG 

TCTcacCTGGCTAGCGGCGTTCCTTCTCGTTTTTCTTCTAGCGGTAGCGGTAC 

TGACTTCACCCTGACCATTAGCTCTCTGCAGCCTGAAGACTTTGCGACCTA 

CTATTGCGCTCAGAACCTTGAAATCCCGCGTACCTTCGGCCAGGGTACCA 

AAGTTGAAatcAAGCGTACCGTTGCGGCTCCGTCTGTTTTCATCTTCCCACC 

TAGCGATGAACAGCTTAAATCTGGTACTGCTAGCGTAGTTTGCCTGCTTAA 

CAACTTCTACCCTCGTGAAGCTAAAGTTCAGTGGAAAGTTGACAACGCTC 

TGCAGTCTGGTAACTCTCAGGAATCTGTGACCGAACAGGATAGCAAAGAT 

AGCACCTATAGCCTGTCTAGCACCCTGACCCTTAGCAAGGCGGACTATGA 

AAAACACAAAGTTTACGCTTGCGAGGTGACCCACCAAGGTCTGTCTTCTC 

CGGTGACTAAATCCTTTAACCGTGGCGAATGC 

SEQ ID NO: 25 (Nucleotide sequence of DI VH-CH-deBouganin) 

CTG CAG GTC TAT GGA ACG ATA AAT GCC CAT GAA AAT TCT ATT TCA 

AGG AGA CAG TCA TA ATG AAA TAC CTA TTG CCT ACG GCA GCC GCT 

GGA TTG TTA TTA CTC GCT GCC CAA CCA GCG ATG GCG GAA GTA CAG 

CTG GTC gaa TCC GGT ggt GGT CTG GTT CAG CCG GGT GGT AGC ctg CGT 

ctg AGC TGC GCG GCG AGC GGT TAC ACC TTC ACC gcg TAC GGT ATG 

AAC TGG GTT cgt CAG GCT CCG GGT AAA GGT TTG GAA TGG ATG GGT 

TGG ATC AAC ACC TAT ACC GGT GAG TCT ACC TAC GCT GAT AGC gtt 

AAA GGC CGT TTC ACC ate AGC get GAC ACT TCT aaa aac acc GCG TAC 

CTG CAG atg AAC TCT CTG CGT GCT GAG GAC ACT GCG GTT TAC TAC 

TGC GCT CGT TTC GCG ATC AAA GGT GAC TAT TGG GGT CAG GGT ACT 

CTG gtt ACC GTT AGC AGC GCT AGC ACT AAG GGC CCG TCC GTT TTC 
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CCA CTG GCT CCG TCT TCT AAA AGC ACT TCT GGT GGT ACC GCG GCT 

CTG GGT TGC CTT GTT AAA GAC TAC TTC CCT GAA CCG GTC ACC GTT 

AGC TGG AAC TCC GGT GCG TTG ACC TCT GGT GTT CAC ACC TTC CCA 

GCG GTT CTG CAG TCT AGC GGT CTG TAT AGC CTG AGC TCT GTA GTT 

ACC GTT CCG TCT TCT AGC CTG GGT ACG CAG ACC TAC ATC TGC AAC 

GTG AAC CAC AAA CCG AGC AAC ACT AAA GTG GAT AAA AAA GTT 

GAA CCG AAG TCT TGC ACC CGT CAC CGT CAG CCG CGT GGT TGG GAA 

CAG aaa TATAACACCGTATCTTTTAACCTGG GTG 

AGGCGTATGAATACCCGACCTTCATCCAGGACCTGCGTAATGAACTTG 

CTAAAGGTACCCCTGTTTGCCAGCTGCCTGTGACCCTGCAGACCATCGCTG 

ATGATAAACGTTTCGTTCTGGTTGACATTACCACCACCTCCAAAAAAACCG 

TTAAAGTCGCGATCGATGTGACCGACGTTTACGTGGTAGGTTACCAGGAT 

AAATGGGACGGTAAAGATCGTGCGGTTTTCCTGGACAAAGTTCCGACCGT 

AGCGACTTCTAAACTGTTCCCAGGTGTGACCAACCGTGTGACCCTGACCTT 

C GAC GGC AGC T AT C AGA A ACT GGTT AAC GC GGC C A A AGCT GAT C GT A A AG 

CTCTCGAACTGGGTGTTAACAAACTGGAGTTCAGCATTGAAGCTATCCAC 

GGTAAAACCATCAACGGTCAAGAAGCAGCTAAATTCTTCCTGATCGTGAT 

CCAGATGGTTAGCGAAGCAGCGCGTTTTAAATACATTGAAACCGAAGTAG 

TTGATCGTGGTCTGTATGGTAGCTTCAAACCGAACTTCAAAGTTCTTAACC 

TGGAGAACAACTGGGGTGACATTAGCGACGCGATCCATAAATCTTCCCCG 

CAATGCACCACCATTAACCCGGCTCTGCAGCTGATCTCTCCGTCTAACGAT 

CCGTGGGTAGTTAACAAAGTGTCTCAAATCAGCCCGGACATGGGTATCCT 

GAAATTTAAATCTAGCAAATAGTGACTCGAG 

SEQ ID NO: 26 (Nucleotide sequence of Algo Vn-Cn-deBouganin) 

GAATTCCTGCAGGTCTATGGAACGATAAATGCCCATGAAAATTCTATTTCA 

AGGAGACAGTCATAATGAAATACCTATTGCCTACGGCAGCCGCTGGATTG 

TTATTACTCGCTGCCCAACCAGCGATGGCGGAAGTACAGCTGcagCAGTCC 

GGTCCGGGTCTGGTTCAGCCGGGTGGTAGCGTTCGTATTAGCTGCGCGGC 

GAGCGGTTACACCTTCACCgcgTACGGTATGAACTGGGTTcgtCAGGCTCCG 

GGT A AAGGTTT GGA AT GGAT GGGTT GGAT C A AC AC C T AT ACC GGT GAGT C 

TACCTACGCTGATAGCTTCAAAGGCCGTTTCgaaTTTAGCCTTGACACTcacaa 

cAGCtctGCGTACCTGCAGATTcagTCTCTGCGTgaaGAGGACACTGCGGTTTA 
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CTACTGCGCTCGTTTCGCGATCcagGGTGACTATTGGGGTCAGGGTACTCTG 

gttACCGTTAGCAGCGCTAGCACTAAgGGcCCGTCCGTTTTCCCACTGGCTCC 

GTCTTCTAAAAGCACTTCTGGTGGTACCGCGGCTCTGGGTTGCCTTGTTAA 

AGACTACTTCCCTGAACCGGTCACCGTTAGCTGGAACTCCGGTGCGTTGAC 

CTCTGGTGTTCACACCTTCCCAGCGGTTCTGCAGTCTAGCGGTCTGTATAG 

CCTGAGCTCTGTAGTTACCGTTCCGTCTTCTAGCCTGGGTACGCAGACCTA 

CATCTGCAACGTGAACCACAAACCGAGCAACACTAAAGTGGATAAAAAA 

GTTGAACCGAAGTCTTGCACCCGTCACCGTCAGCCGCGTGGTTGGGAACA 

GaaaTATAACACCGTATCTTTTAACCTGGGTGAGGCGTATGAATACCCGACC 

TTCATCCAGGACCTGCGTAATGAACTTGCTAAAGGTACCCCTGTTTGCCAG 

CTGCCTGTGACCCTGCAGACCATCGCTGATGATAAACGTTTCGTTCTGGTT 

GACATTACCACCACCTCCAAAAAAACCGTTAAAGTCGCGATCGATGTGAC 

CGACGTTTACGTGGTAGGTTACCAGGATAAATGGGACGGTAAAGATCGTG 

CGGTTTTCCTGGACAAAGTTCCGACCGTAGCGACTTCTAAACTGTTCCCAG 

GTGTGACCAACCGTGTGACCCTGACCTTCGACGGCAGCTATCAGAAACTG 

GTTAACGCGGCCAAAGCTGATCGTAAAGCTCTCGAACTGGGTGTTAACAA 

ACTGGAGTTCAGCATTGAAGCTATCCACGGTAAAACCATCAACGGTCAAG 

AAGC AGCT AAATT CTTC CT GATCGT GATCC AGAT GGTT AGCGAAGC AGC G 

CGTTTTAAATACATTGAAACCGAAGTAGTTGATCGTGGTCTGTATGGTAGC 

TTCAAACCGAACTTCAAAGTTCTTAACCTGGAGAACAACTGGGGTGACAT 

TAGCGACGCGATCCATAAATCTTCCCCGCAATGCACCACCATTAACCCGG 

CTCTGCAGCTGATCTCTCCGTCTAACGATCCGTGGGTAGTTAACAAAGTGT 

CTC AAAT C AGC CCGGAC AT GGGT ATC CT GAAATTT AAAT CT AGC AAAT AG 

TGACTCGAG 

SEQ ID NO: 27 (Nucleotide sequence of WT Vn-Cn-deBouganin) 

CTG CAG GTC TAT GGA ACG ATA AAT GCC CAT GAA AAT TCT ATT TCA 

AGG AGA CAG TCA TA ATG AAA TAC CTA TTG CCT ACG GCA GCC GCT 

GGA TTG TTA TTA CTC GCT GCC CAA CCA GCG ATG GCG GAA GTA CAG 

CTG GTT CAG TCC GGC CCG GGT CTT GTT CAA CCG GGT GGT TCC GTT 

CGT ATC TCT TGC GCT GCT TCT GGT TAC ACG TTC ACC AAC TAC GGC 

ATG AAC TGG GTC AAA CAG GCT CCG GGT AAA GGC CTG GAA TGG 

ATG GGC TGG ATC AAC ACC TAC ACC GGT GAA TCC ACC TAC GCT GAC 
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TCC TTC AAA GGT CGC TTC ACT TTC TCC CTC GAC ACA AGT GCT AGT 

GCT GCA TAC CTC CAA ATC AAC TCG CTG CGT GCA GAG GAT ACA GCA 

GTC TAT TAC TGC GCC CGT TTC GCT ATC AAA GGT GAC TAC TGG GGT 

CAA GGC ACG CTG CTG ACC GTT TCC TCG GCT AGC ACC AAA GGC CCA 

TCG GTC TTC CCC CTG GCA CCC TCC TCC AAG AGC ACC TCT GGG GGC 

ACA GCG GCC CTG GGC TGC CTG GTC AAG GAC TAC TTC CCC GAA CCG 

GTG ACG GTG TCG TGG AAC TCA GGC GCC CTG ACC AGC GGC GTG CAC 

ACC TTC CCG GCT GTC CTA CAG TCC TCA GGA CTC TAC TCC CTC AGC 

AGC GTG GTG ACC GTG CCC TCC AGC AGC TTG GGC ACC CAG ACC TAC 

ATC TGC AAC GTG AAT CAC AAG CCC AGC AAC ACC AAG GTG GAC 

AAG AAA GTT GAG CCC AAA TCT 

TGTACCCGTCACCGTCAGCCGCGTGGTTGG GAA CAG CTC 

TATAACACCGTATCTTTTAACCTGGGTGAGGCGTATGA ATACCCG 

ACCTTCATCCAGGACCTGCGTAATGAACTTGCTAAAGGTACCCCTGTTTGC 

CAGCTGCCTGTGACCCTGCAGACCATCGCTGATGATAAACGTTTCGTTCTG 

GTTGACATTACCACCACCTCCAAAAAAACCGTTAAAGTCGCGATCGATGT 

GAC C GAC GTTT AC GT GGT AGGTT AC C AGGAT AAAT GGGAC GGT A A AGAT C 

GTGCGGTTTTCCTGGACAAAGTTCCGACCGTAGCGACTTCTAAACTGTTCC 

CAGGTGTGACCAACCGTGTGACCCTGACCTTCGACGGCAGCTATCAGAAA 

CT GGTT AAC GC GGCC AAAGCT GATC GT A AAGCT CTCGAACT GGGTGTT AA 

CAAACTGGAGTTCAGCATTGAAGCTATCCACGGTAAAACCATCAACGGTC 

AAGAAGCAGCTAAATTCTTCCTGATCGTGATCCAGATGGTTAGCGAAGCA 

GCGCGTTTTAAATACATTGAAACCGAAGTAGTTGATCGTGGTCTGTATGGT 

AGCTTCAAACCGAACTTCAAAGTTCTTAACCTGGAGAACAACTGGGGTGA 

CATTAGCGACGCGATCCATAAATCTTCCCCGCAATGCACCACCATTAACC 

CGGCTCTGCAGCTGATCTCTCCGTCTAACGATCCGTGGGTAGTTAACAAAG 

TGTCTCAAATCAGCCCGGACATGGGTATCCTGAAATTTAAATCTAGCAAA 

TAGTGACTCGAG 

SEQ ID NO: 28 (Nucleotide sequence of DI VL-CL-deBouganin) 

CTG CAG GTC TAT GGA ACG ATA AAT GCC CAT GAA AAT TCT ATT TCA 

AGG AGA CAG TCA TA ATG AAA TAC CTT CTG CCG ACC GCT GCC GCT 

GGT CTG CTG CTG TTG GCT GCT CAA CCG GCT ATG GCA GAC ATC CAG 
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ATG ACC CAG TCC CCG TCT AGC CTG AGC GCA AGC GTT GGT GAC CGT 

GTG ACC ATC ACC TGC CGT AGC ACT AAA TCC CTG CTG CAC TCT AAC 

GGC ATC ACC TAC CTG TAT TGG TAC CAA CAG AAA CCG GGT AAA GCT 

CCG AAA CTG CTG ATC TAC CAG ATG TCT AAC CTG GCT AGC GGC GTT 

CCT TCT CGT TTT TCT TCT AGC GGT AGC GGT ACT GAC TTC ACC CTG 

ACC ATT AGC TCT CTG CAG CCT GAA GAC TTT GCG ACC TAC TAT TGC 

GCT CAG AAC CTT GAA ATC CCG CGT ACC TTC GGC acc GGT ACC AAA 

GTT GAA ate AAG CGT ACC GTT GCG GCT CCG TCT GTT TTC ATC TTC 

CCA CCT AGC GAT GAA CAG CTT AAA TCT GGT ACT GCT AGC GTA GTT 

TGC CTG CTT AAC AAC TTC TAC CCT CGT GAA GCT AAA GTT CAG TGG 

AAA GTT GAC AAC GCT CTG CAG TCT GGT AAC TCT CAG GAA TCT GTG 

ACC GAA CAG GAT AGC AAA GAT AGC ACC TAT AGC CTG TCT AGC ACC 

CTG ACC CTT AGC AAG GCG GAC TAT GAA AAA CAC AAA GTT TAC GCT 

TGC GAG GTG ACC CAC CAA GGT CTG TCT TCT CCG GTG ACT AAA TCC 

TTT AAC CGT GGC GAA TGCACCCGTCACCGTCAGCCGCGTGGTTGGGA 

ACAGaaa TATAA 

CACCGTATCTTTTAACCTGGGTGAGGCGTATGAATACCCGACCT TCATC 

CAGGACCTGCGTAATGAACTTGCTAAAGGTACCCCTGTTTGCCAGCTGCCT 

GTGACCCTGCAGACCATCGCTGATGATAAACGTTTCGTTCTGGTTGACATT 

ACCACCACCTCCAAAAAAACCGTTAAAGTCGCGATCGATGTGACCGACGT 

TTACGTGGTAGGTTACCAGGATAAATGGGACGGTAAAGATCGTGCGGTTT 

TCCTGGACAAAGTTCCGACCGTAGCGACTTCTAAACTGTTCCCAGGTGTGA 

CCAACCGTGTGACCCTGACCTTCGACGGCAGCTATCAGAAACTGGTTAAC 

GCGGC C AAAGCT GATC GT AAAGCT CTCGA ACT GGGT GTT AAC A AACT GGA 

GTTCAGCATTGAAGCTATCCACGGTAAAACCATCAACGGTCAAGAAGCAG 

CTAAATTCTTCCTGATCGTGATCCAGATGGTTAGCGAAGCAGCGCGTTTTA 

AATACATTGAAACCGAAGTAGTTGATCGTGGTCTGTATGGTAGCTTCAAA 

CCGAACTTCAAAGTTCTTAACCTGGAGAACAACTGGGGTGACATTAGCGA 

CGCGATCCATAAATCTTCCCCGCAATGCACCACCATTAACCCGGCTCTGCA 

GCTGATCTCTCCGTCTAACGATCCGTGGGTAGTTAACAAAGTGTCTCAAAT 

CAGCCCGGACATGGGTATCCTGAAATTTAAATCTAGCAAATAGTGACTCG 

AG 
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SEQ ID NO: 29 (Nucleotide sequence of Algo VL-CL-deBouganin) 

TCTAGAGTCGACCTGCAGGTCTATGGAACGATAAATGCCCATGAAAATTC 

TATTTCAAGGAGACAGTCATAATGAAATACCTTCTGCCGACCGCTGCCGCT 

GGTCTGCTGCTGTTGGCTGCTCAACCGGCTATGGCAGACATCCAGATGAC 

CCAGTCCCCGTCTAGCCTGAGCGCAAGCGTTGGTGACCGTGTGACCATCA 

CCTGCaaaAGCACTAAATCCCTGCTGCACTCTAACGGCATCACCTACCTGTA 

TTGGTACCAACAGAAACCGGGTtctGCTCCGAAACTGCTGATCTACCAGATG 

TCTcacCTGGCTAGCGGCGTTCCTTCTCGTTTTTCTTCTAGCGGTAGCGGTAC 

TGACTTCACCCTGACCATTAGCTCTCTGCAGCCTGAAGACTTTGCGACCTA 

CTATTGCGCTCAGAACCTTGAAATCCCGCGTACCTTCGGCCAGGGTACCA 

AAGTTGAAatcAAGCGTACCGTTGCGGCTCCGTCTGTTTTCATCTTCCCACC 

TAGCGATGAACAGCTTAAATCTGGTACTGCTAGCGTAGTTTGCCTGCTTAA 

CAACTTCTACCCTCGTGAAGCTAAAGTTCAGTGGAAAGTTGACAACGCTC 

TGCAGTCTGGTAACTCTCAGGAATCTGTGACCGAACAGGATAGCAAAGAT 

AGCACCTATAGCCTGTCTAGCACCCTGACCCTTAGCAAGGCGGACTATGA 

AAAACACAAAGTTTACGCTTGCGAGGTGACCCACCAAGGTCTGTCTTCTC 

CGGTGACTAAATCCTTTAACCGTGGCGAATGCACCCGTCACCGTCAGCCG 

CGTGGTTGGGAACAGaaaTATAACACCGTATCTTTTAACCTGGGTG 

AGGCGTATGAATACCCGACCTTCATCCAGGACCTGCGTAAT 

GAACTTGCTAAAGGTACCCCTGTTTGCCAGCTGCCTGTGACCCTGCAGACC 

ATCGCTGATGATAAACGTTTCGTTCTGGTTGACATTACCACCACCTCCAAA 

AAAACCGTTAAAGTCGCGATCGATGTGACCGACGTTTACGTGGTAGGTTA 

CCAGGATAAATGGGACGGTAAAGATCGTGCGGTTTTCCTGGACAAAGTTC 

CGACCGTAGCGACTTCTAAACTGTTCCCAGGTGTGACCAACCGTGTGACC 

CTGACCTTCGACGGCAGCTATCAGAAACTGGTTAACGCGGCCAAAGCTGA 

TCGTAAAGCTCTCGAACTGGGTGTTAACAAACTGGAGTTCAGCATTGAAG 

CTATCCACGGTAAAACCATCAACGGTCAAGAAGCAGCTAAATTCTTCCTG 

ATCGTGATCCAGATGGTTAGCGAAGC AGC GCGTTTTAAATACATTGAAAC 

CGAAGTAGTTGATCGTGGTCTGTATGGTAGCTTCAAACCGAACTTCAAAG 

TTCTTAACCTGGAGAACAACTGGGGTGACATTAGCGACGCGATCCATAAA 

TCTTCCCCGCAATGCACCACCATTAACCCGGCTCTGCAGCTGATCTCTCCG 

TCTAACGATCCGTGGGTAGTTAACAAAGTGTCTCAAATCAGCCCGGACAT 

GGGT AT CCT GA A ATTT AAAT CT AGC A A AT AGT GACT C GAG 
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SEQ ID NO: 30 (Nucleotide sequence of WT VL-CL-deBouganin) 

CTG CAG GTC TAT GGA ACG ATA AAT GCC CAT GAA AAT TCT ATT TCA 

AGG AGA CAG TCA TA ATG AAA TAC CTA TTG CCT ACG GCA GCC GCT 

GGA TTG TTA TTA CTC GCT GCC CAA CCA GCG ATG GCG CAC CAT CAT 

CAC CAT CAC GAT ATC CAG ATG ACC CAG TCC CCG TCC TCC CTG AGT 

GCT TCT GTT GGT GAC CGT GTT ACC ATC ACC TGC CGT TCC ACC AAA 

TCC CTC CTG CAC TCC AAC GGT ATC ACC TAC CTT TAT TGG TAT CAA 

CAG AAA CCG GGT AAA GCT CCG AAA CTT CTG ATC TAC CAG ATG TCC 

AAC CTG GCT TCC GGT GTT CCG TCT CGT TTC TCC AGT TCT GGT TCT 

GGT ACC GAC TTC ACC CTG ACC ATC TCT TCT CTG CAG CCG GAA GAC 

TTC GCT ACC TAC TAC TGC GCT CAG AAC CTG GAA ATC CCG CGT ACC 

TTC GGT CAG GGT ACC AAA GTT GAA CTT AAG CGC ACT GTG GCT GCA 

CCA TCT GTC TTC ATC TTC CCG CCA TCT GAT GAG CAG TTG AAA TCT 

GGA ACT GCC TCT GTT GTG TGC CTG CTG AAT AAC TTC TAT CCC AGA 

GAG GCC AAA GTA CAG TGG AAG GTG GAT AAC GCC CTC CAA TCG 

GGT AAC TCC CAG GAG AGT GTC ACA GAG CAG GAC AGC AAG GAC 

AGC ACC TAC AGC CTC AGC AGC ACC CTG ACG CTG AGC AAA GCA 

GAC TAC GAG AAA CAC AAA GTC TAC GCC TGC GAA GTC ACC CAT CAG 

GGC CTG AGC TCG CCC GTC ACA AAG AGC TTC AAC AGG GGA GAG TGT 

ACCCGTCACCGTCAGCCG 

CGTGGTTGGGAACAGCTCTATAACACCGTATCTTTTAACCT 

GGGTGAGGCGT ATG 

AATACCCGACCTTCATCCAGGACCTGCGTAATGAACTTG CTAAAGGT 

ACCCCTGTTTGCCAGCTGCCTGTGACCCTGCAGACCATCGCTG 

ATGATAAA 

CGTTTCGTTCTGGTTGACATTACCACCACCTCCAAAAAAACCGTTAAAGTC 

GCGATCGATGTGACCGACGTTTACGTGGTAGGTTACCAGGATAAATGGGA 

CGGTAAAGATCGTGCGGTTTTCCTGGACAAAGTTCCGACCGTAGCGACTT 

CTAAACTGTTCCCAGGTGTGACCAACCGTGTGACCCTGACCTTCGACGGC 

AGCT AT C AGAAACTGGTT AACGC GGC C AAAGCT GATCGT AAAGCT CTCGA 

ACT GGGTGTT AAC AAACT GGAGTT C AGC ATTGAAGCT ATC CAC GGT A AAA 

CCATCAACGGTCAAGAAGCAGCTAAATTCTTCCTGATCGTGATCCAGATG 
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GTTAGCGAAGCAGCGCGTTTTAAATACATTGAAACCGAAGTAGTTGATCG 

TGGTCTGTATGGTAGCTTCAAACCGAACTTCAAAGTTCTTAACCTGGAGAA 

CAACTGGGGTGACATTAGCGACGCGATCCATAAATCTTCCCCGCAATGCA 

CCACCATTAACCCGGCTCTGCAGCTGATCTCTCCGTCTAACGATCCGTGGG 

TAGTTAACAAAGTGTCTCAAATCAGCCCGGACATGGGTATCCTGAAATTT 

AAAT CT AGC AAAT AGT GACTCGAG 

SEQ ID NO: 31 (Algo VH (CDRsWT) -CH) 

EVQLQQSGPGLVQPGGSVRISCAASGYTFTNYGMNWVRQ APGKGLEWMGW 

INTYT GES TY AD SFKGRFEF S LDTHN S S AYLQIQ S LREEDT AVYY C ARF AIKG 

DYW GQGTL VTV S S AS TKGP S VFPL AP S SKS TS GGT AALGCL VKDYFPEP VTV S 

WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK 

VDKKVEPKSC 

SEQ ID NO: 32 (Algo VH(CDRsWT + Treg) - CH) 

EVQLQQSGPGLVQPGGSVRISCAASGYTFTNYGMNWVRQ APGKGLEWMGW 

INTYT GES TY AD SFKGRFEF S LDTHN S S AYLQMNSLRAEDT AVYY C ARF AIKG 

DYW GQGTL VTV S S AS TKGP S VFPL AP S SKS TS GGT AALGCL VKDYFPEP VTV S 

WN S GALTS GVHTFP AVLQ S S GLY S LS S V VTVP S S SLGTQTYICNVNHKP SNTK 

VDKKVEPKSC 

SEQ ID NO: 33 (deBouganin 2) 

YNTVSFNLGEAYEYPTFIQDLRNELAKGTPV CQLPVTLQTIADDKRFVLVDIT 

TTSKKTVKV AIDVTD VYVVGYQDKWDGKDRAVFLDKVPTVATSKLFPGVTN 

RVTLTFDGSYQKLVHSAEVDRKDLELGVNKLEFSIEAIHGKTINGQEIAKFFLI 

VIQMVSEAARFKYIETEVVDRGLHGSFKPDFKVLDLENNWGDISDAIHKSSPQ 

CTTINPALQLISPSNDPWVVNKVSQISPDMGILKFKSSK 

SEQ ID NO: 34 (DI VH-CH-deBouganin 3) 

EV QLVESGGGLV QPGGSLRLSCAASGYTFTAY GMNWVRQ APGKGLEWMG 

WINTYTGESTYADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCARFAI 

KGDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPV 

TV S WN S GALTS GVHTFP AVLQ S S GLY S LS S V VTVP S S SLGT QTYICNVNHKP S 
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NTKVDKKVEPKSCTRHRQPRGWEQKYNTVSFNLGEAYEYPTFIQDLRNELAK 

GTPV CQLPVTLQTIADDKRFVLVDITTTSKKTVKV AIDVTD VYVV GY QDKWD 

GKDRAVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLV/7AAIC4DRIC4LEL 

GV/VKLEFSIEAIHGKTINGQEA AKFFLIVIQMVSEAARFKYIETEVVDRGLY GS 

FKPNFKVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQIS 

PDMGILKFKSSK 

SEQ ID NO: 35 (DI VL-CL-deBouganin 3) 

DIQMTQSPSSLSASVGDRVTITCRSTKSLLHSNGITYLYWYQQKPGKAPKLLI 

Y QMSNL AS GVP S RF S S S GS GTDFTLTIS S LQPEDF ATYY C AQNLEIPRTF GT GT 

KVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNAL 

QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVT 

KSFNRGEC 

TRHRQPRGWEQKYNTV SFNLGEAYEYPTFIQDLRNELAKGTPV CQLPVTLQTI 

ADDKRFVLVDITTTSKKTVKV AIDVTD VYVVGYQDKWDGKDRAVFLDKVPT 

V ATS K LF P G VTN RVTLTFDGSYQK LV7/A A KAD R KAL E LG V/VK LEFSIEAIHG 

KTINGQE^ AKFFLIVIQMV SEAARFKYIETEVVDRGLY GSFKPNFKVLNLENN 

WGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPDMGILKFKSSK 

SEQ ID NO: 36 (Algo VH-CH-deBouganin 3) 

EVQLQQ S GPGL V QP GGS VRIS C AAS GYTFT AY GMNWVRQ APGKGLEWMGW 

INTYT GES TY AD SFKGRFEF S LDTHN S S AYLQIQ S LREEDT AVYY C ARF AIQG 

DYW GQGTL VTV S S AS TKGP S VFPL AP S SKS TS GGT AALGCL VKDYFPEP VTV S 

WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK 

VDKKVEPKSCTRHRQPRGWEQKYNTVSFNLGEAYEYPTFIQDLRNELAKGTP 

VCQLP VTLQTIADDKRFVLVDITTTSKKTVKV AIDVTD VYVVGYQDKWDGK 

DRAVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLV//AAK4DRK4LELGV 

MCLEFSIEAIHGKTINGQEAAKFFLIVIQMVSEAARFKYIETEVVDRGLYGSFK 

PNFKVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPD 

MGILKFKSSK 

SEQ ID NO: 37 (Algo VL-CL-deBouganin 3) 
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DIQMTQSPSSLSASVGDRVTITCKSTKSLLHSNGITYLYWYQQKPGSAPKLLIY 

QMSHLASGVPSRFSSSGSGTDFTLTISSLQPEDFATYYCAQNLEIPRTFGQGTK 

VEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQS 

GNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSF 

NRGECTRHRQPRGWEQKYNTV SFNLGEAYEYPTFIQDLRNELAKGTPVCQLP 

VTLQTIADDKRFVLVDITTTSKKTVKV AIDVTD VYVV GY QDKWDGKDRAVF 

LDKVPTVATSKLFPGVTNRVTLTFDGSYQKLV^AAIC4DRIC4LELGV/VKLEFS 

IEAIHGKTINGQIL4AKFFLIVIQMV SEAARFKYIETEVVDRGLY GSFKPNFKVL 

NLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPDMGILKF 

KSSK 

SEQ ID NO: 38 (Algo VH(CDRsWT)-CH-deBouganin) 

EVQLQQSGPGLVQPGGSVRISCAASGYTFTNYGMNWVRQ APGKGLEWMGW 

INTYT GES TY AD SFKGRFEF S LDTHN S S AYLQIQ S LREEDT AVYY C ARF AIKG 

DYW GQGTL VTV S S AS TKGP S VFPL AP S SKS TS GGT AALGCL VKDYFPEP VTV S 

WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK 

VDKKVEPKSCTRHRQPRGWEQKYNTVSFNLGEAYEYPTFIQDLRNELAKGTP 

VCQLP VTLQTIADDKRFVLVDITTTSKKTVKV AIDVTD VYVVGYQDKWDGK 

DRAVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLVNAAKADRKALELGV 

NKLEFSIEAIHGKTINGQEAAKFFLIVIQMVSEAARFKYIETEVVDRGLY GSFK 

PNFKVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPD 

MGILKFKSSK 

SEQ ID NO: 39 (Algo VH(CDRsWT)-CH-deBouganin3) 

EVQLQQSGPGLVQPGGSVRISCAASGYTFTNYGMNWVRQ APGKGLEWMGW 

INTYT GES TY AD SFKGRFEF S LDTHN S S AYLQIQ S LREEDT AVYY C ARF AIKG 

DYW GQGTL VTV S S AS TKGP S VFPL AP S SKS TS GGT AALGCL VKDYFPEP VTV S 

WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK 

VDKKVEPKSCTRHRQPRGWEQKYNTVSFNLGEAYEYPTFIQDLRNELAKGTP 

VCQLP VTLQTIADDKRFVLVDITTTSKKTVKV AIDVTD VYVVGYQDKWDGK 
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DRAVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLV//AAK4DRK4LELGV 

MCLEFSIEAIHGKTINGQEAAKFFLIVIQMVSEAARFKYIETEVVDRGLYGSFK 

PNFKVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPD 

MGILKFKSSK 

SEQ ID NO: 40 (Algo VH(CDRsWT + Treg)-CH-deBouganin) 

EVQLQQSGPGLVQPGGSVRISCAASGYTFTNYGMNWVRQ APGKGLEWMGW 

INTYT GES TY AD SFKGRFEF S LDTHN S S AYLQMNSLRAEDT AVYY C ARF AIKG 

DYW GQGTL VTV S S AS TKGP S VFPL AP S SKS TS GGT AALGCL VKDYFPEP VTV S 

WN S GALTS GVHTFP AVLQ S S GLY S LS S V VTVP S S SLGTQTYICNVNHKP SNTK 

VDKKVEPKSCTRHRQPRGWEQKYNTVSFNLGEAYEYPTFIQDLRNELAKGTP 

VCQLP VTLQTIADDKRFVLVDITTTSKKTVKV AIDVTD VYVVGYQDKWDGK 

DRAVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLVNAAKADRKALELGV 

NKLEFSIEAIHGKTINGQEAAKFFLIVIQMVSEAARFKYIETEVVDRGLY GSFK 

PNFKVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPD 

MGILKFKSSK 

SEQ ID NO: 41 (Algo VH(CDRsWT+Treg)-CH-deBouganin3) 

EVQLQQSGPGLVQPGGSVRISCAASGYTFTNYGMNWVRQ APGKGLEWMGW 

INTYT GES TY AD SFKGRFEF S LDTHN S S AYLQMNSLRAEDT AVYY C ARF AIKG 

DYW GQGTL VTV S S AS TKGP S VFPL AP S SKS TS GGT AALGCL VKDYFPEP VTV S 

WN S GALTS GVHTFP AVLQ S S GLY S LS S V VTVP S S SLGTQTYICNVNHKP SNTK 

VDKKVEPKSCTRHRQPRGWEQKYNTVSFNLGEAYEYPTFIQDLRNELAKGTP 

VCQLP VTLQTIADDKRFVLVDITTTSKKTVKV AIDVTD VYVVGYQDKWDGK 

DRAVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLV//AAK4DRK4LELGV 

MCLEFSIEAIHGKTINGQEAAKFFLIVIQMVSEAARFKYIETEVVDRGLYGSFK 

PNFKVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPD 

MGILKFKSSK 

SEQ ID NO: 42 (deBouganin 3) 

YNTVSFNLGEAYEYPTFIQDLRNELAKGTPV CQLPVTLQTIADDKRFVLVDIT 

TTSKKTVKV AIDVTD VYVVGYQDKWDGKDRAVFLDKVPTVATSKLFPGVTN 

RVTLTFDGSYQKLV#AAK/1DRK/1LELGVM<.LEFSIEAIHGKTINGQE/1 AKFFL 
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IVIQMVSEAARFKYIETEVVDRGLYGSFKPNFKVLNLENNWGDISDAIHKSSP 

QCTTINPALQLISPSNDPWVVNKVSQISPDMGILKFKSSK 

SEQ ID NO: 43 (deBouganin 4) 

YNTVSFNLGEAYEYPTFIQDLRNELAKGTPV CQLPVTLQTIADDKRFVLVDIT 

TTSKKTVKV AIDVTD VYVVGYQDKWDGKDRAVFLDKVPTVATSKLFPGVTN 

RVTLTFDGSYQKLV7/AAKVDRKDLELGV7VKLEFSIEAIHGKTINGQEIAKFFLI 

VIQMVSEAARFKYIETEVVDRGLYGSFKPNFKVLNLENNWGDISDAIHKSSPQ 

CTTINPALQLISPSNDPWVVNKVSQISPDMGILKFKSSK 

SEQ ID NO: 44 (DI VH-CH-deBouganin 4) 

EV QLVESGGGLV QPGGSLRLSCAASGYTFTAY GMNWVRQAPGKGLEWMG 

WINTYTGESTYADSVKGRFTISADTSKNTAYLOMNSLRAEDTAVYYCARFAI 

KGDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPV 

TVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPS 

NTKVDKKVEPKSCTRHRQPRGWEQKYNTVSFNLGEAYEYPTFIQDLRNELAK 

GTPV CQLPVTLQTIADDKRFVLVDITTTSKKTVKV AIDVTD VYVV GY QDKWD 

GKDRAVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLV^AAKVDRKDLEL 

GVMCLEFSIEAIHGKTINGQEIAKFFLIVIQMVSEAARFKYIETEVVDRGLYGSF 

KPNFKVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISP 

DMGILKFKSSK 

SEQ ID NO 45 (DI VL-CL-deBouganin4) 

DIQMTQSPSSLSASVGDRVTITCRSTKSLLHSNGITYLYWYQQKPGKAPKLLI 

Y QMSNL AS GVP S RF S S S GS GTDFTLTIS S LQPEDF ATYY C AQNLEIPRTF GTGT 

KVEIKRTV AAP S VFIFPP S DEQLKS GT AS V V CLLNNFYPRE AKV Q WKVDNAL 

QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVT 

KSFNRGEC 

TRHRQPRGWEQKYNTV SFNLGEAYEYPTFIQDLRNELAKGTPVCQLPVTLQTI 

ADDKRFVLVDITTTSKKTVKV AIDVTD VYVVGYQDKWDGKDRAVFLDKVPT 

VATSKLFPGVTNRVTLTFDGSYQKLV^AAKVDRKDLELGVMCLEFSIEAIHG 

KTINGQEIAKFFLIVIQMV SEAARFKYIETEVVDRGLY GSFKPNFKVLNLENN 

WGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPDMGILKFKSSK 
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SEQ ID NO: 46 (Algo VH-CH-deBouganin 4) 

EV QLQQSGPGLV QPGGSVRISCAASGYTFTAYGMNWVRQ APGKGLEWMGW 

INTYTGESTYADSFKGRFEFSLDTHNSSAYLOIOSLREEDTAVYYCARFAIOG 

DYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTV S 

WN S GALTS GVHTFP AVLQ S S GLY S LS S V VTVP S S SLGTQTYICNVNHKP SNTK 

VDKKVEPKSCTRHRQPRGWEQKYNTVSFNLGEAYEYPTFIQDLRNELAKGTP 

VCQLP VTLQTIADDKRFVLVDITTTSKKTVKV AIDVTD VYVVGYQDKWDGK 

DRAVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLV^AAKVDRKDLELGV 

MCLEFSIEAIHGKTINGQEIAKFFLIVIQMVSEAARFKYIETEVVDRGLYGSFKP 

NFKVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPD 

MGILKFKSSK 

SEQ ID NO: 47 (Algo VL-CL-deBouganin 4) 

DIQMTQSPSSLSASVGDRVTITCKSTKSLLHSNGITYLYWYQQKPGSAPKLLIY 

QMSHLASGVPSRFSSSGSGTDFTLTISSLQPEDFATYYCAQNLEIPRTFGQGTK 

VEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQ 

SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKS 

FNRGEC 

TRHRQPRGWEQKYNTV SFNLGEAYEYPTFIQDLRNELAKGTPVCQLPVTLQTI 

ADDKRFVLVDITTTSKKTVKV AIDVTD VYVVGYQDKWDGKDRAVFLDKVPT 

VATSKLFPGVTNRVTLTFDGSYQKLV^AAKVDRKDLELGVMCLEFSIEAIHG 

KTINGQEIAKFFLIVIQMV SEAARFKYIETEVVDRGLY GSFKPNFKVLNLENN 

WGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPDMGILKFKSSK 

SEQ ID NO: 48 (Algo VH(CDRsWT)-CH-deBouganin4) 

EV QLQQSGPGLV QPGGSVRISC AASGYTFTNY GMNWVRQ APGKGLEWMGW 

INTYTGESTYADSFKGRFEFSLDTHNSSAYLOIOSLREEDTAVYYCARFAIKG 

DYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTV S 

WN S GALTS GVHTFP AVLQ S S GLY S LS S V VTVP S S SLGTQTYICNVNHKP SNTK 

VDKKVEPKSCTRHRQPRGWEQKYNTVSFNLGEAYEYPTFIQDLRNELAKGTP 

VCQLP VTLQTIADDKRFVLVDITTTSKKTVKV AIDVTD VYVVGYQDKWDGK 
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DRAVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLV^AAKVDRKDLELGV 

MCLEFSIEAIHGKTINGQEIAKFFLIVIQMVSEAARFKYIETEVVDRGLYGSFKP 

NFKVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPD 

MGILKFKSSK 

SEQ ID NO: 49: (Algo VH(CDRsWT +Treg)-CH-deBouganin4) 

EV QLQQ S GPGL V QP GGS VRIS C AAS GYTFTNY GMNWVRQ APGKGLEWMGW 

INTYTGESTYADSFKGRFEFSLDTHNSSAYLOMNSLRAEDTAVYYCARFAIK 

GDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVT 

V S WN S GALTS GVHTFP AVLQ S S GLY S LS S V VTVP S S S LGT QTYICNVNHKP SN 

TKVDKKVEPKSCTRHRQPRGWEQKYNTVSFNLGEAYEYPTFIQDLRNELAKG 

TPVCQLPVTLQTIADDKRFVLVDITTTSKKTVKV AIDVTD VYVVGYQDKWDG 

KDRAVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLV^AAKVDRKDLELG 

V/VKLEFSIEAIHGKTINGQEIAKFFLIVIQMV SEAARFKYIETEVVDRGLY GSFK 

PNFKVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPD 

MGILKFKSSK 

SEQ ID NO: 50 (WT VH-CH-deBouganin 3) 

EV QLVQSGPGLV QPGGSVRISC AASGYTFTNY GMNWVKQ APGKGLEWMGW 

INTYTGESTYADSFKGRFTFSLDTSASAAYLQINSLRAEDTAVYYCARFAIKG 

DYWGQGTLLTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVS 

WN S GALTS GVHTFP AVLQ S S GLY S LS S V VTVP S S SLGTQTYICNVNHKP SNTK 

VDKKVEPKSCTRHRQPRGWEQKYNTVSFNLGEAYEYPTFIQDLRNELAKGTP 

VCQLP VTLQTIADDKRFVLVDITTTSKKTVKV AIDVTD VYVVGYQDKWDGK 

DRAVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLV//AAK4DRK4LELGV 

MCLEFSIEAIHGKTINGQEAAKFFLIVIQMVSEAARFKYIETEVVDRGLYGSFK 

PNFKVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPD 

MGILKFKSSK 

SEQ ID NO: 51 (WT VH-CH-deBouganin4) 

EV QLVQSGPGLV QPGGSVRISC AASGYTFTNY GMNWVKQ APGKGLEWMGW 

INTYTGESTYADSFKGRFTFSLDTSASAAYLQINSLRAEDTAVYYCARFAIKG 

DYWGQGTLLTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVS 
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WN S GALTS GVHTFP AVLQ S S GLY S LS S V VTVP S S SLGTQTYICNVNHKP SNTK 

VDKKVEPKSCTRHRQPRGWEQKYNTVSFNLGEAYEYPTFIQDLRNELAKGTP 

VCQLP VTLQTIADDKRFVLVDITTTSKKTVKV AIDVTD VYVVGYQDKWDGK 

DRAVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLV^AAKVDRKDLELGV 

MCLEFSIEAIHGKTINGQEIAKFFLIVIQMVSEAARFKYIETEVVDRGLYGSFKP 

NFKVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPD 

MGILKFKSSK 

SEQ ID NO: 52 (WT VL-CL-deBouganin 3) 

DIQMTQSPSSLSASVGDRVTITCRSTKSLLHSNGITYLYWYQQKPGKAPKLLI 

Y QMSNL AS GVP S RF S S S GS GTDFTLTIS S LQPEDF ATYY C AQNLEIPRTF GQGT 

KVELKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNAL 

QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVT 

KSFNRGECTRHRQPRGWEQKYNTV SFNLGEAYEYPTFIQDLRNELAKGTPV C 

QLPVTLQTIADDKRFVLVDITTTSKKTVKV AIDVTD VYVVGYQDKWDGKDR 

AVFLDKVPTVATSKLFPGVTNRVTLTFDGSYQKLV//AAIC4DRIC4LELGV7VK 

LEFSIEAIHGKTINGQEAAKFFLIVIQMV SEAARFKYIETEVVDRGLY GSFKPNF 

KVLNLENNWGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPDMGI 

LKFKSSK 

SEQ ID NO: 53 (WT VL-CL-deBouganin 4) 

DIQMTQSPSSLSASVGDRVTITCRSTKSLLHSNGITYLYWYQQKPGKAPKLLI 

Y QMSNL AS GVP S RF S S S GS GTDFTLTIS S LQPEDF ATYY C AQNLEIPRTF GQGT 

KVELKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNAL 

QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVT 

KSFNRGEC 

TRHRQPRGWEQKYNTV SFNLGEAYEYPTFIQDLRNELAKGTPV CQLPVTLQTI 

ADDKRFVLVDITTTSKKTVKV AIDVTD VYVVGYQDKWDGKDRAVFLDKVPT 

VATSKLFPGVTNRVTLTFDGSYQKLV^AAKVDRKDLELGVMCLEFSIEAIHG 

KTINGQEIAKFFLIVIQMV SEAARFKYIETEVVDRGLY GSFKPNFKVLNLENN 

WGDISDAIHKSSPQCTTINPALQLISPSNDPWVVNKVSQISPDMGILKFKSSK 
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Claims 

What is claimed is: 

1. An antibody comprising: 

a heavy chain having an amino acid sequence selected from SEQ ID NO: 1, SEQ ID 

NO: 11, SEQ ID NO: 31, and SEQ ID NO: 32, and a light chain having an amino acid 

sequence selected from SEQ ID NO: 2 and SEQ ID NO: 12. 

2. The antibody of claim 1, wherein the heavy chain has an amino acid sequence as 

shown in SEQ ID NO: 1, and the light chain has an amino acid sequence as shown in SEQ ID 

NO: 2. 

3. The antibody of claim 1, wherein the heavy chain has an amino acid sequence as 

shown in SEQ ID NO: 11, and the light chain has an amino acid sequence as shown in SEQ 

ID NO: 12. 

4. The antibody of claim 1, wherein the heavy chain has an amino acid sequence as 

shown in SEQ ID NO: 31, and the light chain has an amino acid sequence as shown in SEQ 

ID NO: 12. 

5. The antibody of claim 1, wherein the heavy chain has an amino acid sequence as 

shown in SEQ ID NO: 32, and the light chain has an amino acid sequence as shown in SEQ 

ID NO: 12. 

6. The antibody according to any one of claims 1 to 5, wherein the antibody is an 

antibody fragment selected from the group consisting of Fab, Fab', F(ab')2, scFv, dsFv, ds-

scFv, dimers, minibodies, diabodies, bispecific antibody fragments, non-immunoglobulin 

scaffolds, multimers, and any combination thereof. 

7. The antibody according to any one of claims 1 to 5, wherein the antibody is an 

antibody fragment Fab and wherein the light chain and the heavy chain are linked by a 

covalent bond. 
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8. The antibody of claim 7, wherein the covalent bond is a disulfide bond. 

9. The antibody according to any one of claims 1 to 6, wherein the antibody binds to a 

cancer cell antigen. 

10. The antibody of claim 9, wherein the cancer cell antigen is epithelial cell adhesion 

molecule (EpCAM). 

11. A composition comprising the antibody according to any one of claims 1 to 10, and a 

pharmaceutically acceptable excipient, carrier, buffer or stabilizer. 

12. An immunoconjugate comprising an antibody attached to an effector molecule, 

wherein the antibody comprises a heavy chain having an amino acid sequence selected from 

SEQ ID NO: 1, SEQ ID NO: 11, SEQ ID NO: 31, and SEQ ID NO: 32, and a light chain 

having an amino acid sequence selected from SEQ ID NO: 2 and SEQ ID NO: 12. 

13. The immunoconjugate of claim 12, wherein the heavy chain has an amino acid 

sequence as shown in SEQ ID NO: 1 and the light chain has an amino acid sequence as 

shown in SEQ ID NO: 2. 

14. The immunoconjugate of claim 12, wherein the heavy chain has an amino acid 

sequence as shown in SEQ ID NO: 11 and the light chain has an amino acid sequence as 

shown in SEQ ID NO: 12. 

15. The immunoconjugate of claim 12, wherein the heavy chain has an amino acid 

sequence as shown in SEQ ID NO: 31 and the light chain has an amino acid sequence as 

shown in SEQ ID NO: 12. 

16. The immunoconjugate of claim 12, wherein the heavy chain has an amino acid 

sequence as shown in SEQ ID NO: 32 and the light chain has an amino acid sequence as 

shown in SEQ ID NO: 12. 
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17. The immunoconjugate according to any one of claims 12 to 16, wherein the antibody 

is an antibody fragment selected from the group consisting of Fab, Fab', F(ab')2, scFv, dsFv, 

ds-scFv, dimers, minibodies, diabodies, bispecific antibody fragments, non-immunoglobulin 

scaffolds, multimers, and any combination thereof. 

18. The immunoconjugate according to any one of claims 12 to 16, wherein the antibody 

is an antibody fragment Fab and wherein light chain and the heavy chain are linked by a 

covalent bond. 

19. The immunoconjugate of claim 18, wherein the covalent bond is a disulfide bond. 

20. The immunoconjugate according to any one of claims 12 to 19, wherein the effector 

molecule is selected from the group consisting of a radioisotope, an antineoplastic agent, an 

immunomodulator, a biological response modifier, lectin, a toxin, a chromophore, a 

fluorophore, a chemiluminescent compound, an enzyme, a metal ion, and any combination 

thereof. 

21. The immunoconjugate according to any one of claims 12 to 19, wherein the effector 

molecule is a toxin selected from the group consisting of abrin, modeccin, viscumin, gelonin, 

bouganin, saporin, ricin, ricin A chain, bryodin, luffin, momordin, restrictocin, Pseudomonas 

exotoxin A, pertussis toxin, tetanus toxin, botulinum toxin, Shigella toxin, cholera toxin, 

diphtheria toxin, and any combination thereof. 

22. The immunoconjugate according to any one of claims 12 to 19, wherein the antibody 

binds to a cancer cell antigen. 

23. The immunoconjugate of claim 22, wherein the cancer cell antigen is epithelial cell 

adhesion molecule (EpCAM). 

24. The immunoconjugate according to any one of claims 12 to 19, wherein the effector 

molecule is Pseudomonas exotoxin A (SEQ ID NO: 3). 
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25. The immunoconjugate according to any one of claims 12 to 19, wherein the effector 

molecule is bouganin toxin (SEQ ID NO: 4). 

26. The immunoconjugate according to any one of claims 12 to 19, wherein the effector 

molecule is bouganin toxin selected from SEQ ID NO: 33, SEQ ID NO: 42, and SEQ ID NO: 

43. 

27. A composition comprising an immunoconjugate according to any one of claims 12 to 

26 and a pharmaceutically acceptable excipient, carrier, buffer or stabilizer. 

28. A use of an immunoconjugate in the treatment of a subject having cancer, the 

immunoconjugate comprising an antibody attached to an effector molecule, wherein the 

antibody comprises a heavy chain having an amino acid sequence selected from SEQ ID NO: 

1, SEQ ID NO: 11, SEQ ID NO: 31, and SEQ ID NO: 32, and a light chain having an amino 

acid sequence selected from SEQ ID NO: 2 and SEQ ID NO: 12. 

29. The use according to claim 28, wherein the heavy chain has an amino acid sequence 

as shown in SEQ ID NO: 1 and the light chain has an amino acid sequence as shown in SEQ 

ID NO: 2. 

30. The use according to claim 28, wherein the heavy chain has an amino acid sequence 

as shown in SEQ ID NO: 11 and the light chain has an amino acid sequence as shown in SEQ 

ID NO: 12. 

31. The use according to claim 28, wherein the heavy chain has an amino acid sequence 

as shown in SEQ ID NO: 31 and the light chain has an amino acid sequence as shown in SEQ 

ID NO: 12. 

32. The use according to claim 28, wherein the heavy chain has an amino acid sequence 

as shown in SEQ ID NO: 32 and the light chain has an amino acid sequence as shown in SEQ 

ID NO: 12. 
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33. The use according to any one of claims 28 to 32, wherein the antibody is an antibody 

fragment selected from the group consisting of Fab, Fab', F(ab')2, scFv, dsFv, ds-scFv, 

dimers, minibodies, diabodies, bispecific antibody fragments, non-immunoglobulin scaffolds, 

multimers, and any combination thereof. 

34. The use according to any one of claims 28 to 33, wherein the effector molecule is 

selected from the group consisting of a radioisotope, an antineoplastic agent, an 

immunomodulator, a biological response modifier, lectin, a toxin, a chromophore, a 

fluorophore, a chemiluminescent compound, an enzyme, a metal ion, and any combination 

thereof. 

35. The use according to any one of claims 28 to 34, wherein the immunoconjugate is in a 

form for parenteral administration selected from the group consisting of subcutaneous, 

intramuscular, intraperitoneal, intracavity, intrathecal, intratumoral, transdermal and 

intravenous injection. 

36. The use according to any one of claims 28 to 35, wherein the immunoconjugate is in a 

dosage form of about 0.01 mg/kg/dose to about 2000 mg/kg/dose. 

37. The use according to any one of claims 28 to 36, further comprising the use of one or 

more anticancer agents and wherein the anticancer agents are co-administered, concurrently 

administered, or sequentially administered with the immunoconjugate. 

38. The use according to claim 37, wherein the anticancer agents are selected from 

tamoxifen, toremifen, raloxifene, droloxifene, iodoxyfene, megestrol acetate, anasfrozole, 

letrazole, borazole, exemestane, flutamide, nilutamide, bicalutamide, cyproterone acetate, 

goserelin acetate, luprolide, finasteride, herceptin, methotrexate, 5-fluorouracil, cytosine 

arabinoside, doxorubicin, daunomycin, epirubicin, idarubicin, mitomycin-C, dactinomycin, 

mithramycin, cisplatin, carboplatin, melphalan, chlorambucil, busulphan, cyclophosphamide, 

ifosfamide, nitrosoureas, thiotephan, vincristine, taxol, taxotere, etoposide, teniposide, 

amsacrine, Irinotecan, topotecan, epothilones, Iressa, Tarceva, angiogenesis inhibitors, EGF 

inhibitors, VEGF inhibitors, CDK inhibitors, cytokines, Herl and Her2 inhibitors, and 

monoclonal antibodies. 
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39. The use of according to any one of claims 28 to 38, wherein the cancer is selected 

from the group consisting of lung cancer, gastric cancer, renal cancer, thyroid cancer, breast 

cancer, bladder cancer, ovarian cancer, colorectal cancer, head and neck cancer, 

hepatocellular carcinoma, esophageal, pancreas, and prostate cancer. 

40. A method of detecting or monitoring cancer in a subject comprising the steps of: 

- contacting a test sample taken from the subject with an antibody to form an 

antibody-antigen complex, wherein the antibody comprises a heavy chain amino acid 

sequence selected from SEQ ID NO: 1, SEQ ID NO: 11, SEQ ID NO: 31, and SEQ ID NO: 

32, and a light chain having amino acid sequence selected from SEQ ID NO: 2 and SEQ ID 

NO: 12; 

- measuring the amount of the antibody-antigen complex in the test sample; and 

- normalizing the results against a control. 

41. A method of imaging a tumor in a subject, the method comprising: 

- administering to the subject an antibody comprising a heavy chain having an amino 

acid sequence selected from SEQ ID NO: 1, SEQ ID NO: 11, SEQ ID NO: 31, and SEQ ID 

NO: 32, and a light chain having an amino acid sequence selected from SEQ ID NO: 2 and 

SEQ ID NO: 12; and 

- detecting the antibody by in vivo imaging. 

42. The method of claim 41, wherein the antibody further comprises an effector molecule 

selected from the group consisting of a radioisotope, a chromophore, a fluorophore, a 

chemiluminescent compound, an enzyme, a metal ion, and any combination thereof. 

43. The method of claim 41 or 42, wherein the in vivo imaging is selected from the group 

consisting of near-infrared fluorescence imaging (NIRF), fluorescence reflectance imaging 

(FRI), fluorescence-mediated tomography (FMT), positron emission tomography (PET), 

single photon emission tomography (SPECT), magnetic resonance imaging (MRI), PET with 

concurrent computed tomography imaging (PET/CT), PET with concurrent magnetic 

resonance imaging (PET/MRI), and any combination thereof. 
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44. The method according to any one of claims 41 to 43, wherein the antibody is an 

antibody fragment selected from the group consisting of Fab, Fab', F(ab')2, scFv, dsFv, ds-

scFv, dimers, minibodies, diabodies, bispecific antibody fragments, non-immunoglobulin 

scaffolds, multimers, and any combination thereof. 

45. The method according to any one of claims 41 to 43, wherein the antibody is an 

antibody fragment Fab and wherein light chain and the heavy chain are linked by a covalent 

bond. 

46. The method according to any one of claims 41 to 45, further comprising resecting a 

tumor or a part of an organ after the in vivo imaging. 

47. A method of treating a subject with cancer, the method comprising: 

administering a therapeutically effective amount of an immunoconjugate comprising 

an antibody attached to an effector molecule, wherein the antibody comprises a heavy chain 

having an amino acid sequence selected from SEQ ID NO: 1, SEQ ID NO: 11, SEQ ID NO: 

31, and SEQ ID NO: 32, and a light chain having an amino acid sequence selected from SEQ 

ID NO: 2 and SEQ ID NO: 12. 

48. The method of claim 47, wherein the heavy chain has an amino acid sequence as 

shown in SEQ ID NO: 1 and the light chain has an amino acid sequence as shown in SEQ ID 

NO: 2. 

49. The method of claim 47, wherein the heavy chain has an amino acid sequence as 

shown in SEQ ID NO: 11 and the light chain has an amino acid sequence as shown in SEQ 

ID NO: 12. 

50. The method of claim 47, wherein the heavy chain has an amino acid sequence as 

shown in SEQ ID NO: 31 and the light chain has an amino acid sequence as shown in SEQ 

ID NO: 12. 
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51. The method of claim 47, wherein the heavy chain has an amino acid sequence as 

shown in SEQ ID NO: 32 and the light chain has an amino acid sequence as shown in SEQ 

ID NO: 12. 

52. The method according to any one of claims 47 to 51, wherein the antibody is an 

antibody fragment selected from the group consisting of Fab, Fab', F(ab')2, scFv, dsFv, ds-

scFv, dimers, minibodies, diabodies, bispecific antibody fragments, non-immunoglobulin 

scaffolds, multimers, and any combination thereof. 

53. The method according to any one of claims 47 to 52, wherein the effector molecule is 

selected from the group consisting of a radioisotope, an antineoplastic agent, an 

immunomodulator, a biological response modifier, lectin, a toxin, a chromophore, a 

fluorophore, a chemiluminescent compound, an enzyme, a metal ion, and any combination 

thereof. 

54. The method according to any one of claims 47 to 53, wherein the administration of 

the immunoconjugate is by parenteral administration selected from the group consisting of 

subcutaneous, intramuscular, intraperitoneal, intracavity, intrathecal, intratumoral, 

transdermal and intravenous injection. 

55. The method according to any one of claims 47 to 54, wherein the immunoconjugate 

administration is at a dosage of about 0.01 mg/kg/dose to about 2000 mg/kg/dose. 

56. The method according to any one of claims 47 to 55, wherein the immunoconjugate is 

co-administered, concurrently administered, or sequentially administered with one or more 

anticancer agents. 

57. The method of claim 56, wherein the anticancer agents are selected from tamoxifen, 

toremifen, raloxifene, droloxifene, iodoxyfene, megestrol acetate, anasfrozole, letrazole, 

borazole, exemestane, flutamide, nilutamide, bicalutamide, cyproterone acetate, goserelin 

acetate, luprolide, finasteride, herceptin, methotrexate, 5-fluorouracil, cytosine arabinoside, 

doxorubicin, daunomycin, epirubicin, idarubicin, mitomycin-C, dactinomycin, mithramycin, 

cisplatin, carboplatin, melphalan, chlorambucil, busulphan, cyclophosphamide, ifosfamide, 
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nitrosoureas, thiotephan, vincristine, taxol, taxotere, etoposide, teniposide, amsacrine, 

Irinotecan, topotecan, epothilones, Iressa, Tarceva, angiogenesis inhibitors, EGF inhibitors, 

VEGF inhibitors, CDK inhibitors, cytokines, Herl and Her2 inhibitors, and monoclonal 

antibodies. 

58. The method according to any one of claims 47 to 57, wherein the cancer is selected 

from the group consisting of lung cancer, gastric cancer, renal cancer, thyroid cancer, breast 

cancer, bladder cancer, ovarian cancer, colorectal cancer, head and neck cancer, 

hepatocellular carcinoma, esophageal, pancreas, and prostate cancer. 
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