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FIG. 3 

Measurement of binding capacity between scFV and antigens 
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FIG. 4 

Measurement of relative affinity by ELISA 
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FULLY HUMAN ANTI-EPIDERMAL 
GROWTH FACTOR RECEPTOR ANTIBODIES 

BACKGROUND 

[0001] 1. Field 
[0002] Disclosed are fully human anti-epidermal growth 
factor receptor (EGFR) antibodies, fragments thereof and 
applications thereof. 
[0003] 2. Description of the Related Art 
[0004] The development of antibodies has evolved from 
mouse antibodies, to chimeric antibodies, to humanized anti 
bodies, and to fully human antibodies. Fully human antibod 
ies are advantageous over other types of antibodies in that 
immune response in humans can be reduced. Thus, recent 
research is centered on the development of fully human anti 
bodies. 
[0005] Epidermal groWth factor receptor (EGFR; alterna 
tively called Erbbl or HERl) is a l70-kDa, type 1 transmem 
brane molecule. Its expression is enhanced in many human 
tumors, including those in head, neck, breast, colon, prostate 
gland, lung and ovary. The overexpression of EGFR is knoWn 
to be related With poor clinical prognosis. Further, expression 
of EGFR is often accompanied by the production of EGFR 
ligands, particularly tumor groWth factor-0t (TGF -(X) and epi 
dermal groWth factor (EGF), by EGFR-expressing tumor 
cells. This autocrine loop is conjectured to be related to tum 
ori genesis . Accordingly, groWth and survival of tumors can be 
suppressed by interrupting the interaction betWeen EGFR 
ligands and EGFR. 

SUMMARY 

[0006] Disclosed herein are fully human anti-epidermal 
groWth factor receptor (EGFR) antibodies and fragments 
thereof having antigen-binding capacity. Methods of making 
and using the antibodies and fragments thereof are also dis 
closed. The antibody or fragment thereof can be used in the 
diagnosis or treatment of an EGFR-related disease, e. g., can 
cer. In an embodiment, an isolated human monoclonal anti 
body that binds human epidermal groWth factor receptor 
(EGFR) includes a heavy chain variable domain including a 
heavy chain complementarity determining region (H-CDR) l 
(H-CDRl) sequence of SEQ ID N01 1, a conservative modi 
?cation of SEQ ID N011, or an amino sequence that is at least 
80% homologous With SEQ ID N011; an H-CDR2 sequence 
of SEQ ID N01 2, a conservative modi?cation of SEQ ID 
N012, or an amino sequence that is at least 80% homologous 
With SEQ ID N012; and an H-CDR3 sequence of SEQ ID 
N01 3, a conservative modi?cation of SEQ ID N013, or an 
amino sequence that is at least 80% homologous With SEQ ID 
N013; or a fragment of the antibody, Wherein the fragment 
has EGFR-speci?c binding activity. 
[0007] In an embodiment, the antibody includes a light 
chain variable domain including a light chain complementa 
rity determining region (L-CDR) l (L-CDRl) sequence of 
SEQ ID N01 4, a conservative modi?cation of SEQ ID N014, 
or an amino sequence that is at least 80% homologous With 
SEQ ID N014; an L-CDR2 sequence of SEQ ID N01 5, a 
conservative modi?cation of SEQ ID N015, or an amino 
sequence that is at least 80% homologous With SEQ ID N015; 
and an L-CDR3 sequence of SEQ ID N01 6, a conservative 
modi?cation of SEQ ID N016, or an amino sequence that is at 
least 80% homologous With SEQ ID N016; or a fragment of 
the antibody, Wherein the fragment has EGFR-speci?c bind 
ing activity. 
[0008] In an embodiment, the antibody includes a heavy 
chain encoded by a polynucleotide consisting of nucleotides 
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1-1401 of SEQ ID N01 7; and a light chain encoded by a 
polynucleotide consisting of SEQ ID N01 8, or a fragment of 
the antibody, Wherein the fragment has EGFR-speci?c bind 
ing activity. 
[0009] Recombinant vectors, host cells, and methods of 
producing the antibody are disclosed herein 
[0010] A composition disclosed herein may include an 
antibody and a pharmaceutically acceptable carrier. Methods 
of using the antibody in treatment of EGFR-related diseases 
or in detection of EGFR are also disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Description Will be made in detail With reference to 
certain example embodiments Which are illustrated in the 
accompanying draWings given hereinbeloW by Way of illus 
tration only and thus are not limitative, Wherein1 
[0012] FIG. 1 is a graph shoWing the results of panning onto 
an Erbbl -Fc antigen-coated immunotube measured by 
enZyme-linked immunosorbent assay (ELISA); 
[0013] FIG. 2 is a graph shoWing the results of panning onto 
an EGFR_human antigen-coated immunotube measured by 
ELISA; 
[0014] FIG. 3 is a graph shoWing the results of measuring 
binding capacity betWeen a clone (Erbbl-78) obtained by 
panning and the antigens Erbbl-Fc and EGFR_human mea 
sured by ELISA; and 
[0015] FIG. 4 is a graph shoWing the result of measuring 
binding capacity betWeen a representative antibody Erbb l -78 
and cells overexpressing epidermal groWth factor receptor 
(EGFR) by enzyme-linked immunosorbent assay (ELISA). 

DETAILED DESCRIPTION 

[0016] Human anti-epidermal groWth factor receptor 
(EGFR)-antibodies are disclosed herein. 
[0017] EGFR-expressing tumor cells that can be targeted 
(e.g., opsoni?ed) by the human antibodies disclosed herein 
include tumor cells in bladder, breast, colon, kidney, renal 
cells, ovary, prostate gland, squamous cell, lung (non-small 
cells), head and neck. 0ther EGFR-expressing cells include 
synovial ?broblasts and keratinocytes, Which may be target 
cells in the treatment of arthritis and psoriasis. 
[0018] In another aspect, the human antibodies disclosed 
herein can inhibit cell signaling mediated by EGFR. For 
instance, the antibody can inhibit autophosphorylation of 
EGFR induced by binding an EGFR ligand (e.g., EGF or 
TGF-ot). Further, the antibody may inhibit cell activation 
induced by the autocrines EGF or TGF-ot, or may induce 
antibody-dependent cell-mediated cytotoxicity (ADCC) of 
EGFR-expressing cells in the presence of human polymor 
phonuclear cells. Examples of EGFR-expressing cells 
include, particularly, bladder cells, breast cells, colon cells, 
kidney cells, ovarian cells, prostate cells, renal cells, squa 
mous cells, non-small lung cells, synovial ?broblasts, and 
keratino cytes . 

[0019] The term “complementarity determining region 
(CDR)” used herein refers to relatively short amino acid 
sequences found in the heavy chain and light chain variable 
domains of antibodies that determine the speci?city of the 
antibody and make contact With the speci?c antigen. 
[0020] The term “antigen-binding activity” or “antigen 
binding capacity” used herein refers to an activity or capacity 
to bind to an antigen possessed by a full-length antibody, a 
fragment of an antibody, a heavy chain variable domain, a 
light chain variable domain, or a CDR. 
[0021] The term “speci?c” used herein refers to the ability 
of a sequence or an antibody to distinguish a speci?c antigen 
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from one or more other reference antigens. This property is 
not absolute in nature, but relative. 
[0022] With respect to an antibody, the term “fragment 
thereof having an antigen-binding activity” used herein refers 
to a fragment of the antibody having antigen-binding capac 
ity, and may include Fab, F(ab'), F(ab')2, Fv, etc. Such frag 
ments may be produced by recombinant techniques or enZy 
matic cleavage. For example, Fab or F(ab')2 fragment may be 
produced from an intact antibody by digesting With papain or 
pepsin, respectively. Fab is composed of the variable domains 
of the light and the heavy chains, a constant domain of the 
light chain, and a ?rst constant domain (CH1) of the light 
chain. It has one antigen-binding site. F(ab') is different from 
Fab in that it has a hinge region having at least one cysteine 
residue at the C-terminal of the heavy chain CH1 domain. 
F(ab')2 has a structure in Which the cysteine residues of the 
hinge region of Fab‘ form a disul?de bonding. Fv is the 
smallest fragment of the antibody having only the heavy 
chain variable domain and the light chain variable domain. 
[0023] The term “homology” used herein refers to the per 
centage of identical residues betWeen tWo sequences. For 
example, for tWo peptide sequences, homology refers to a 
percentage of identical amino acids betWeen the tWo 
sequences. The homology may be at least 80%. Further, it 
may be at least 90%. Optionally, it may be at least 95%. 
[0024] The term “linked” used herein refers to a linkage of 
tWo entities, for example a labeling material and an antibody, 
by covalent or non-covalent bonding. A linkage mediated by 
a linker molecule or the like is also included. 

[0025] The term “toxic material” used herein refers to a 
material Which can be linked to an antibody or a fragment 
thereof and can exert toxic effects on a target, such as a cancer 
cell. For example, radioactive materials such as yttrium-90, 
iodine-131, etc. and cytotoxic materials such as calicheami 
cin are included among toxic materials. 
[0026] The term “labeling material” used herein refers to a 
material Which binds to an antibody or a fragment thereof and 
is detectable by a physical or chemical method to permit 
identi?cation of the location or quantity of the antibody or the 
fragment thereof. The labeling material is used to label the 
antibody to make detection of bound or unbound antibody 
easy. Suitable detectable materials include a variety of 
enZymes, prosthetic groups, ?uorescent materials, light-emit 
ting materials and radioactive materials. Examples of suitable 
enZymes include horseradish peroxidase, alkaline phos 
phatase, [3-galactosidase or acetylcholinesterase. Examples 
of suitable prosthetic groups include streptavidin/biotin and 
avidin/biotin. Examples of suitable ?uorescent materials 
include umbelliferone, ?uorescein, ?uorescein isothiocyan 
ate, rhodamine, dichlorotriaZinylamine ?uorescein, dansyl 
chloride or phycoerythrin. Examples of light-emitting mate 
rials include luminol, and examples of radioactive materials 
include 125I, 131I, 35S, and 3H. Detection of the labeling 
material can be performed by any appropriate method knoWn 
in the art. 

[0027] The term “variant” refers to a protein or nucleic acid 
sequence in Which at least one residue has been changed from 
the parent sequence. 
[0028] For example, With respect to peptides, the term 
“variant” refers to a peptide in Which at least one amino acid 
has been changed from the sequence of the parent peptide. 
Those skilled in the art Will appreciate that any variant that has 
been determined to bind speci?cally to EGFR and to function 
as an antibody is encompassed Within the scope of variants 
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described herein. The variant may be produced by changing 
one or more amino acid residue of each CDR region, for 
example, by trinucleotide mutagenesis or any other method 
knoWn in the art. 

[0029] Variants include polypeptide variants in Which the 
overall molecular structure of the peptide sequence is con 
served. Given the information on the characteristics of each 
amino acid, those skilled in the art Will appreciate some 
reasonable substitutions, e.g., conservative modi?cations. 
Such conservative substitutions may be carried out based on, 
for example, polarity, charge, solubility, hydrophobicity, 
hydrophilicity and/or amphiphilicity of corresponding resi 
dues. For example, amino acids may be classi?ed into non 
polar (hydrophobic) amino acids, polar but neutral amino 
acids, positively charged (basic) amino acids, and negatively 
charged (acidic) amino acids. Nonpolar (hydrophobic) amino 
acids include alanine, leucine, isoleucine, valine, proline, 
phenylalanine, tryptophan and methionine. Polar but neutral 
amino acids include glycine, serine, threonine, cysteine, 
tyrosine, asparagine and glutamine. Positively charged (ba 
sic) amino acids include arginine, lysine and histidine. And, 
negatively charged (acidic) amino acids include aspartic acid 
and glutamic acid. Substitution may be possible Within each 
group. Some possible substitutions may be made (i) betWeen 
serine (S) and threonine (T); (ii) betWeen proline (P) and 
glycine (G); and (iii) among alanine (A), valine (V), leucine 
(L) and isoleucine (1). Those skilled in the art may easily 
construct the DNAs encoding for the conservative amino acid 
variants through DNA recombination and synthesis tech 
niques. 
[0030] With respect to nucleic acids, variants of the nucleic 
acid molecules encoding for the polypeptides disclosed 
herein are also included. A “variant” of a nucleic acid can 
have 80% or more of nucleic acid sequence homology. Fur 
ther, it can have 90% or more, or 95% or more sequence 
homology. Of the variants having the homology, those that 
can be hybridiZed even under very stringent condition are 
included. 

[0031] The term “vector” used herein refers to a nucleic 
acid sequence to express a target gene in a host cell and 
includes a plasmid vector, a cosmid vector, a bacteriophage 
vector, a viral vector, etc. For example, the vector may be an 
expression vector including a membrane targeting or secre 
tion signaling sequence or a leader sequence, in addition to an 
expression control element such as promoter, operator, initia 
tion codon, termination codon, polyadenylation signal, and 
enhancer. The vector may be manufactured in various Ways 
knoWn in the art depending on the purpose. An expression 
vector may include a selection marker for selecting a host cell 
containing the vector. Further, a replicable expression vector 
may include an origin of replication. 
[0032] The term “recombinant vector” used herein refers to 
a vector operably linked to a heterologous nucleotide 
sequence for the purpose of expression, production and iso 
lation of the heterologous nucleotide sequence. The heterolo 
gous nucleotide sequence can be a nucleotide sequence 
encoding all or part of the heavy chain or the light chain of an 
antibody disclosed herein. 
[0033] A single vector can be used to simultaneously 
express both the heavy chain and the light chain of the anti 
body. Alternatively, the heavy chain and the light chain of the 
antibody can be expressed from tWo different vectors. In the 
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latter case, the tWo vectors may be introduced into a single 
host cell by simultaneous transduction or targeted transduc 
tion. 

[0034] The host cell of the vector may be any cell that can 
be practically utiliZed by the expression vector. For example, 
the host cell may be a higher eukaryotic cell, such as a mam 
malian cell, or a loWer eukaryotic cell, such as a yeast cell. 
Further, the host cell may be a prokaryotic cell, such as a 
bacterial cell. 

[0035] Examples of the CDR sequences of the heavy chain 
of EGFR-speci?c antibodies disclosed herein are given in the 
folloWing Table 1. 

TABLE 1 

Hea chain amino acid sequence 

Clone name CDR l CDR 2 CDR 3 

Erbbl 7s DYGMS GINWNGGSTGYADSVKG DYWGSLDY 

(SEQ ID (SEQ ID NO: 2) (SEQ ID 
NO: 1) NO: 3) 

[0036] Examples of the CDR sequences of the light chain 
of EGFR-speci?c antibodies disclosed herein are given in the 
folloWing Table 2. 

TABLE 2 

Liqht chain amino acid sequence 

Clone name CDR l CDR 2 CDR 3 

Erbbl 7s TGTSSDVGGYNYVS DVNRRPS SSYVSTNTYV 

(SEQ ID NO: 4) (SEQ ID (SEQ ID NO: 6) 
NO: 5) 

[0037] A composition comprising the antibody, or a frag 
ment thereof, disclosed herein as an effective ingredient and 
a pharmaceutically acceptable carrier is provided. The com 
position can be prepared according to any method knoWn in 
theart. Examples of suitable pharmaceutically acceptable car 
riers and formulations are delineated, for example, in “Rem 
ington’s Pharmaceutical Sciences” (18th ed., Alfonso R. 
Gennaro, Ed., Easton, Pa.: Mack Pub. Co., 1990). In order to 
prepare the composition, the antibody or the fragment thereof 
may be used in an amount effective for treatment along With 
a carrier. Formulations may be in a form suitable for con 
trolled release of the active ingredient. Controlled-release 
formulations can be prepared by forming a complex using the 
antibody or the fragment thereof or using a polymer for 
absorbing the antibody or the fragment thereof. For example, 
polymers such as polyester, polyamino acid, polyvinylpyr 
rolidone, ethylene-vinyl acetate, methylcellulose, carboxym 
ethylcellulose, or protamine can be used to control the release 
of the antibody or fragment thereof from the composition. 
[0038] The composition may be administered parentally by 
injection, for example, bolus injection or continuous infusion. 
For this purpose, formulations can be made for parenteral 
administration. Formulations for injection may be provided 
in a unit administration form, e.g., in an ampule, or in mul 
tiple-administration containers, along With a preservative. 
The composition can be in the form of suspension, solution or 
emulsion of oil-based or Water-based vehicles, and can 
include a formulation agent such as suspension agent, stabi 
liZer or dispersant. 
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[0039] The composition may be provided in a dispenser 
unit or pack containing one or more unit administration forms 
of the effective ingredient. The pack can be made of, for 
example, metal or plastic foil. 
[0040] The composition may be administered to a subject 
through any standard administration technique including 
oral, intravenous, intra-abdominal, subcutaneous, pulmo 
nary, transdermal, intramuscular, intranasal, buccal, sublin 
gual or suppository administration. 
[0041] The dose of the composition may vary depending on 
the physical condition, age, sex and body Weight of the 
patient, severity of disease, purpose of administration, and the 
like. A typical dose can be, for example, from 0.001 to 1000 
ug/kg body Weight. HoWever, the dose may be loWer or 
higher, considering the factors for a particular patient. A daily 
dose for parenteral administration may be from about 0.1 pg 
to about 100 mg/kg body Weight, from about 0.3 pg to about 
10 mg/kg body Weight, from about 0.1 pg to about 1 mg/kg 
body Weight, or from about 0.05 pg to about 1 mg/kg body 
Weight. 
[0042] Methods of using the antibodies disclosed herein are 
also provided. The antibody, or a fragment thereof having 
antigen-binding capacity, can be used to detect EGFR in a 
sample. In an embodiment, the method comprises contacting 
the antibody or fragment thereof With a sample under condi 
tions such that the antibody binds EGFR; and detecting anti 
body bound to EGFR. Such a method could be a component 
of a diagnostic method for EGFR-expressing or overexpress 
ing cells. 
[0043] The antibody, or a fragment thereof, can also be used 
in methods of treating EGFR-related diseases, eg cancer or 
an autoimmune disease such as psoriasis. In an embodiment, 
the method comprises administering the antibody or fragment 
thereof to subject having the EGFR-related disease. 

EXAMPLES 

[0044] Hereinafter, description Will be made in more detail 
through examples. HoWever, the folloWing examples are not 
intended to be limiting. 
[0045] 1. Phage Display Libraries 
[0046] Phage display libraries (Korea Research Institute of 
Bioscience and Biotechnology, Daej eon, Korea) are used that 
express on the phage surface over 100 billion variable 
domains of the heavy chain and light chain of fully human 
antibodies derived from human blood and bone marroW in the 
form of single chain variable fragment (scFv). 
[0047] 2. Antigens 
[0048] One antigen used is Erbbl-Fc (Korea Research 
Institute of Bioscience and Biotechnology, Daejeon, Korea), 
a protein construct in Which the ?rst 360 amino acids of 
human epithelial groWth factor receptor (EGFR; NCBI 
Accession Number: P00533) including the ?rst ligand bind 
ing domain and a furin-like repeat are linked With an Fc 
domain. The Erbb1 -Fc is expressed in HEK-293 cells (ATCC, 
CRL-1573) and puri?ed for use as an antigen. Commercially 
available human epithelial groWth factor receptor (EGFR_ 
human, Sigma, E3641) is used as another antigen. 
[0049] 3. Biopanning 
[0050] Panning is carried out using an immunotube accord 
ing to “Human antibodies With sub-nanomolar a?inities iso 
lated from a large non-immunized phage display library.” Nat 
Biotechnol; 14(3):309-14, 1996, the entire contents ofWhich 
are incorporated herein by reference. Speci?cally, 2 mL of 
coating buffer (0.1 M sodium carbonate buffer) is mixed With 
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Erbbl-Fc (30 ug/mL) or EGFR_human (10 ug/mL) in an 
immunotube (Nunc). The antigen is ?xed by revolving at 40 
C. for 18 hours. 

[0051] The antigen-?xed immunotube is blocked With 4% 
skimmed milk at room temperature for 2 hours and a previ 
ously prepared phage solution in Which the antibody library is 
expressed is added. After 2 hours of incubation With revolu 
tion, folloWed by Washing With PBS (phosphate buffered 
saline) and PBST (PBS+TWeen 20), antigen-bound phages 
are separated. This panning procedure is repeated 3 or 4 times 
depending on the polyclonal phage enZyme-linked immun 
osorbent assay (ELISA) results. The results for Erbb1 -FC as 
antigen are illustrated in FIG. 1 and for EGFR_human as 
antigen in FIG. 2. As seen in FIG. 1 and FIG. 2, the signal of 
the phages bound to Erbbl-Fc or EGFR_human increases 
gradually With the number of rounds of panning. Since the 
phage solution obtained from panning With Erbbl-Fc does 
not shoW a high Fc-bound phage signal, it is thought that the 
increasing phage signal is Erbb1 speci?c. Further, negative 
controls shoW that phage clones obtained from panning With 
a non-EGFR antigen (#38) or With the M1 helper phage (M1) 
do not bind to Erbb1 or EGFR_human. 

[0052] 4. Determination of Monoclonal Sequences 
[0053] About 400 single phage clones are obtained from 
the 3rd or 4th round of panning. DNA is obtained from the 
400 single phage clones and the scFv gene sequence is spe 
ci?cally ampli?ed by polymerase chain reaction (PCR). The 
PCR product obtained is cleaved using BstNI restriction 
enZyme (NeW England Biolab; NEB) at 370 C. for 2 hours. 
The product is subjected to electrophoresis using 8% acryla 
mide gel, and only clones exhibiting speci?c patterns, differ 
ent from the cleavage pattern of mo st other clones shoWn after 
running the electrophoresis, are subjected to DNA sequenc 
ing. DNA sequences obtained for one clone provide the CDR 
protein sequences for the heavy and light chain variable 
domains given in Tables 1 and 2. 

[0054] 
[0055] The heavy chain and light chain variable domains 
obtained in 4 are cloned into different vectors. The heavy 
chain variable domain is cloned into a vector having a CMV 
(cytomegalovirus) promoter and also including the heavy 
chain constant domain. The light chain variable domain is 
cloned into a vector having a CMV promoter and including 
the light chain constant domain. 
[0056] Speci?cally, the heavy chain variable domain and its 
vector are treated With the restriction enZymes S?l (NEB) and 
Nhel (N EB), and the light chain variable domain and its 
vector are treated With the restriction enZymes S?l (NEB) and 
BgIll (NEB). Subsequently, T4 DNA ligase (NEB) is used to 
li gate the heavy chain variable domain and the light chain 
variable domain into their respective vector for expressing the 
fully human antibody. The heavy chain vector and light chain 
vector are cotransfected into HEK-293E cells (Korea 
Research Institute of Bioscience and Biotechnology, Dae 
jeon, Korea). The cells are cultured in serum-free Dulbecco’s 
modi?ed essential medium (DMEM, Invitrogen) While 
replacing the medium once every 3 days, for a total of 4 times. 
The culture medium contains fully human antibodies (IgG) 
With heavy and light chains, for example the IgG may contain 
the variable domain CDR sequences shoWn in Tables 1 and 2. 
The medium containing the expressed IgG is centrifuged to 
remove remaining cell fragments and impurities, and then the 
antibody is puri?ed by a?inity chromatography using protein 

5. Expression of Antibodies 
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A. Among the antibodies puri?ed, the Erbb1 78 clone anti 
body has a heavy chain encoded by the polynucleotide of 
SEQ ID NO: 7 and a light chain encoded by the polynucle 
otide of SEQ ID NO: 8. 
[0057] 6. Measurement of Binding Capacity of scFv 
Clones Obtained from Panning 
[0058] Relative binding capacity betWeen the scFv clones 
obtained from panning using Erbbl-Fc as antigen and the 
antigens Erbbl-Fc and EGFR_human (Sigma, E3641) is 
determined by ELISA. Antigens are ?xed on a 96-Well Max 
isorp plate (Nunc) and phages obtained from panning, includ 
ing the Erbb1 78 clone, are added individually to Wells to 
determine binding. After 2 hours of binding reaction at 370 C., 
the plate is Washed With 0.05% PBST. Then, after 30 minutes 
of reaction With HRP (horseradish peroxidase)-bound anti 
M13 antibody (GE Healthcare), staining is carried out using 
OPD (o-phenylenediamine dihydrochloride) substrate 
(Sigma). The result is illustrated in FIG. 3. As seen from FIG. 
3, Erbb1 78 exhibits excellent binding capacity to both anti 
gens. 
[0059] 7. Measurement of Binding Capacity of Full-Length 
IgG 
[0060] Binding capacity betWeen the antibody obtained in 
5 and the A431 cell line (ATCC) Which overexpresses EGFR 
is determined by ELISA [Biological e?icacy of a chimeric 
antibody to the epidermal groWth factor receptor in a human 
tumor xenograft model, Clinic. Cancer res., 1995, vol. 1, 
1311-1318] (the entire contents of Which are incorporated 
herein by reference). The protocol for the ELISA assay is 
similar to that described in 6 above, except that antibody Was 
used over a range of concentration and A431 cells Were 
attached to the plate. As a result, Erbb1 78 is determined to 
exhibit a Kd value of 1.088 nM at Bmax:1.732 (see FIG. 4). 
[0061] 8. Measurement of Antibody Binding Capacity by 
Surface Plasmon Resonance (SPR) 
[0062] More accurate measurements of the antibody bind 
ing capacity are made by SPR using a BIAcore (GE Health 
care, USA). Either 10 ug/mL Erbbl-Fc or EGFR_human is 
?xed on a sensor chip (CMS, GE Healthcare) using pH 4.5 
acetate solution and an amine coupling kit (GE Healthcare). 
The Erbb1-78 antibody obtained in section 5 is diluted to 5 
concentrations from 200 nM to 12.5 nM, and associated and 
dissociated (using pH 2.0 glycine solution) With the antigens 
?xed on the respective sensor chips for the measurement of 
antigen-antibody binding capacity. The results determined 
from analysis of the SPR data are given in Table 3. 

TABLE 3 

Clone ID On rate (l/Ms) Offrate (l/s) A?'lnity (Kd, nM) 

Erbb178 6.17 ><105 2.991 X 10*4 0.485 

[0063] 9. Measurement of Inhibition of EGF-EGFR Inter 
action by Antibody 
[0064] A431 cells (ATCC) are treated With the full-length 
IgG obtained in section 5. After treating With EGF, change of 
phosphorylation ability of EGFR is measured using Phospho 
Detect EGFR ELISA Kit (Calbiochem). Speci?cally, A431 
cells are cultured on a 6-Well culture plate (BD Falcon) up to 
80% and then cultured for a day in serum-free DMEM (Invit 
rogen). The cell culture is treated With the antibody obtained 
in 5 at a concentration of 100 nM and the cells are then 
cultured for 2 hours. Subsequently, the cell culture is treated 
With EGF (Sigma) at a concentration of 1.7 nM for 15 min 
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utes. The cells harvested from the culture medium and then 
lysed With 1 mM activated sodium vanadate (Sigma) and 
protease inhibitor cocktail (Roche). Then, ELISA is carried 
out on the lysed cells. The results are given in the following 
Table 4. 

TABLE 4 

Antibody pretreatment EGF treatment Phosphorylation ability (%) 

None None 65 
None 1.7 nM, 15 min 100 
Erbb178,100nM,2hr 1.711M,15 min 70 

[0065] Assuming that the phosphorylation ability of EGFR 
induced by EGF in the absence of interfering material is 
100%, the basic phosphorylation ability in the absence of 
EGF is 65%. FolloWing treatment With the antibody, the phos 
phorylation ability is 70% after EGF treatment. Thus the 
antibody inhibits over 80% of the phosphorylation activity of 
EGFR. 

[0066] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the invention. The terms “a” and “an” do not 
denote a limitation of quantity, but rather denote the presence 
of at least one of the referenced item. The term “or” means 
“and/or”. The terms “comprising”, “having”, “including”, 
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and “containing” are to be construed as open-ended terms 
(i.e., meaning “including, but not limited to”). 
[0067] Recitation of ranges of values are merely intended to 
serve as a shorthand method of referring individually to each 
separate value falling Within the range, unless otherWise indi 
cated herein, and each separate value is incorporated into the 
speci?cation as if it Were individually recited herein. The 
endpoints of all ranges are included Within the range and 
independently combinable. 
[0068] All methods described herein can be performed in a 
suitable order unless otherWise indicated herein or otherWise 
clearly contradicted by context. The use of any and all 
examples, or exemplary language (e.g., “such as”), is 
intended merely to better illustrate the invention and does not 
pose a limitation on the scope of the invention unless other 
Wise claimed. No language in the speci?cation should be 
construed as indicating any non-claimed element as essential 
to the practice of the invention as used herein. Unless de?ned 
otherWise, technical and scienti?c terms used herein have the 
same meaning as is commonly understood by one of skill in 
the art to Which this invention belongs. 
[0069] Description has been made in detail With reference 
to example embodiments. HoWever, it Will be appreciated by 
those skilled in the art that changes may be made in these 
embodiments Without departing from the principles and spirit 
of the invention, the scope of Which is de?ned in the accom 
panying claims and their equivalents. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: 8 

<2ll> LENGTH: 5 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Homo sapiens 

<400> SEQUENCE: l 

Asp Tyr Gly Met Ser 
1 5 

<2ll> LENGTH: 17 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Homo sapiens 

<400> SEQUENCE: 2 

Gly Ile Asn Trp Asn Gly Gly Ser Thr Gly Tyr Ala Asp Ser Val Lys 
1 5 l0 

Gly 

<2ll> LENGTH: 8 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Homo sapiens 

<400> SEQUENCE: 3 

Asp Tyr Trp Gly Ser Leu Asp Tyr 
l 5 
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1. An isolated human monoclonal antibody that binds 
human epidermal growth factor receptor (EGFR) comprising 

a heavy chain variable domain comprising a heavy chain 
complementarity determining region (H-CDR) 1 
(H-CDRl) sequence of SEQ ID NO: 1; an H-CDR2 
sequence of SEQ ID NO: 2; and an H-CDR3 sequence of 
SEQ ID NO: 3; and 

a light chain variable domain comprising a light chain 
complementarity determining region (L-CDR) 1 
(L-CDRl) sequence of SEQ ID NO: 4; an L-CDR2 
sequence of SEQ ID NO: 5; and an L-CDR3 sequence of 
SEQ ID NO: 6; or 

a fragment of the antibody, Wherein the fragment has 
EGFR-speci?c binding activity. 

2-8. (canceled) 
9. An isolated epidermal groWth factor receptor (EGFR) 

speci?c fully human antibody comprising 
a heavy chain encoded by a polynucleotide consisting of 

nucleotides 1-1401 of SEQ ID NO: 7; and 
a light chain encoded by a polynucleotide consisting of 
SEQ ID NO: 8, 

or a fragment of the antibody, Wherein the fragment has 
EGFR-speci?c binding activity. 

10-12. (canceled) 
13. A composition comprising the antibody of claim 1; and 

a pharmaceutically acceptable carrier. 
14. A recombinant vector comprising a polynucleotide 

consisting of nucleotides 1-1401 of SEQ ID NO: 7. 
15. A host cell transformed by the recombinant vector of 

claim 14. 
16. The host cell of claim 15 further transformed by a 

recombinant vector comprising a polynucleotide consisting 
of SEQ ID NO: 8. 

17. A recombinant vector comprising a polynucleotide 
consisting of SEQ ID NO.: 8. 

18. A host cell transformed by the recombinant vector of 
claim 17. 

19. The host cell of claim 18 further transformed by a 
recombinant vector comprising a polynucleotide consisting 
of SEQ ID NO: 7. 
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20. A method of producing an anti-EGFR human antibody, 
comprising 

culturing the host cell of claim 16, and 
collecting the antibody from the resultant culture. 
21. A composition comprising a conjugated antibody, 

Wherein the antibody of claim 1 is linked to a toxic material, 
a chemotherapeutic agent, or a labeling material. 

22. A method of treating a cancer comprising 
administering the antibody of claim 1 to a cancer patient. 
23. The method of claim 22, Wherein the cancer is bladder 

cancer, breast cancer, colon cancer, colorectal cancer, kidney 
cancer, ovarian cancer, prostate, cancer, renal cancer, head 
and neck cancer, or non-small cell lung cancer. 

24. A method of detecting EGFR in a sample comprising 
contacting the antibody of claim 1 With a sample under 

conditions such that the antibody binds EGFR; and 
detecting antibody bound to EGFR. 
25. (canceled) 
26. A method of detecting EGFR in a sample comprising 
contacting the antibody of claim 9 With a sample under 

conditions such that the antibody binds EGFR; and 
detecting antibody bound to EGFR. 
27. (canceled) 
28. A method of treating a cancer comprising 
administering the antibody of claim 9 to a cancer patient. 

29. (canceled) 
30. A composition comprising a conjugated antibody, 

Wherein the antibody of claim 9 is linked to a toxic material, 
a chemotherapeutic agent, or a labeling material. 

31. (canceled) 
32. A composition comprising the antibody of claim 9; and 

a pharmaceutically acceptable carrier. 
33. A method of producing an anti-EGFR human antibody, 

comprising 
culturing the host cell of claim 19, and 
collecting the antibody from the resultant culture. 

* * * * * 


