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[DESCRIPTION] 

[Invention Title] 

NOVEL CTHRC1-SPECIFIC ANTIBODY AND USE THEREOF 

 

[Technical Field] 

The present invention relates to a novel antibody which binds to CTHRC1 and 

use thereof. 

 

[Background Art] 

Anticancer drugs currently in clinical use may be classified as chemotherapeutic 

agents and biotherapeutic agents.  The chemotherapeutic agents actively developed in 

the past are drugs that show toxicity to cancer cells, and these drugs have problems in 

that they are toxic to normal cells as well as cancer cells and are also subject to tolerance.  

Therefore, there are limitations to the development and use of these drugs.  As such, in 

recent years, biotherapeutic agents that can recover or increase the immune function of 

the human body and thereby weaken the activity of cancer cells are being actively 

developed as an alternative.  Examples of biotherapeutic agents which are currently in 

use or under development include cytokines, recombinant antibodies (e.g., monoclonal 

antibodies), nucleic acid molecule therapeutics, angiogenesis inhibitors, etc.  

Among the biotherapeutic agents, therapeutic monoclonal antibodies are 

characterized by having low side effects due to their high reaction specificity to targets.  

Antibodies exhibit therapeutic effects through various mechanisms; for example, they 

may specifically bind to the corresponding antigens to inhibit signal transduction or induce 

apoptosis by cross-linking, and additionally, may exhibit therapeutic effects by activating 

the immune system in vivo.  Accordingly, monoclonal antibodies as anticancer agents 

can specifically track cancer cells and inhibit their activity as well as induce immune 

responses and can thereby effectively remove cancer cells.  As a result, treatment using 

monoclonal antibodies is becoming a mainstream cancer treatment.  In this regard, 

monoclonal antibodies such as ramucirumab, rituximab, trastuzumab, etc. have been 
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developed and used in the treatment of gastric cancer, breast cancer, liver cancer, etc. 

 

Meanwhile, collagen triple helix repeat containing-1 (CTHRC1) is known as a 

secreted protein involved in vascular remodeling, bone formation, and developmental 

morphogenesis. 

According to recent studies, it has been reported that CTHRC1 is overexpressed 

in various types of cancer cells, such as pancreatic cancer, ovarian cancer, breast cancer, 

melanoma, etc., and thus is related to the proliferation or metastasis of cancer.  

Accordingly, these results imply that CTHRC1 has an important role in aggressive tumors.  

It is also known that CTHRC1 not only induces proliferation and metastasis of cancer 

cells, but also stimulates endothelial cells in the tumor microenvironment and thereby 

participates in angiogenesis (Park et al., Carcinogenesis (2013) 34:694, Lee et al., 

ExpMolMed (2016) 48:e261).  As a result of the human tumor cDNA array analysis, it 

was found that CTHRC1 is mainly expressed in human solid tumors, and as a result of 

the transcriptome analysis, it was confirmed that there is a difference in expression 

between breast lobular carcinoma and normal ductal and lobular cells.  It has also been 

found that CTHRC1 was expressed in invasive primary melanomas and metastatic 

melanomas, but was not expressed in benign nevi or non-invasive samples.  Additionally, 

inhibition of CTHRC1 expression reduced migration of melanoma cell lines in vitro.  

CTHRC1 was identified in dermatofibrosarcoma protuberans, which is a locally 

aggressive neoplasm that metastasizes frequently, but not in dermatosarcoma or typical 

benign fibrohistiocytic tumor.  Further, it has been reported that CTHRC1 expression is 

significantly high in breast cancer tissues compared to normal tissues or precursor lesions, 

and is associated with the risk of bone metastasis.  However, there is still a need for the 

development of antibodies that improve the binding and affinity to CTHRC1 protein and 

have excellent effects in diagnosing and treating various types of cancer at the same time. 

 

[Disclosure] 

[Technical Problem] 



3  

 

The development of antibodies that specifically bind to CTHRC1 has been 

continuously required for the treatment of various cancers, including intractable cancer.  

Accordingly, the present inventors have developed a new antibody having high affinity 

and specificity, and have confirmed that the antibody has an anticancer effect in various 

cancers, thereby completing the present invention.  

 

[Technical Solution] 

One object of the present invention is to provide an antibody that specifically binds 

to collagen triple helix repeat containing-1 (CTHRC1) protein. 

Another object of the present invention is to provide a polynucleotide encoding 

the antibody that specifically binds to CTHRC1 protein; an expression vector including 

the polynucleotide; and a host cell including the expression vector.  

Still another object of the present invention is to provide a composition and a kit 

for detecting the antibody that specifically binds to CTHRC1 protein. 

Even another object of the present invention is to provide a pharmaceutical 

composition for preventing or treating cancer, including the antibody. 

Yet another object of the present invention is to provide a method for treating 

cancer using the antibody.  

Further another object of the present invention is to provide a composition for 

diagnosing cancer or predicting prognosis of cancer, including the antibody. 

Still further another object of the present invention is to provide a method of 

providing information for diagnosing cancer, including: detecting CTHRC1 protein in a 

biological sample isolated from a subject suspected of having cancer through an antigen–

antibody reaction, using the antibody. 

Still further another object of the present invention is to provide a method of 

providing information for predicting prognosis of cancer, including: detecting CTHRC1 

protein in a biological sample isolated from a subject suffering from cancer through an 

antigen–antibody reaction, using the antibody. 

Still further another object of the present invention is to provide a kit for diagnosing 
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cancer or predicting prognosis of cancer, including the composition for diagnosing cancer 

or predicting prognosis of cancer. 

Still further another object of the present invention is to provide a method for 

detecting CTHRC1 protein in a sample, including detecting an CTHRC1 antigen–antibody 

complex using the antibody that specifically binds to CTHRC1 protein.  

 

[Advantageous Effects] 

The novel antibody of the present invention can detect a trace amount of CTHRC1 

and can also detect CTHRC1 conjugate vaccines, and thus can be effectively used for 

quantification of CTHRC1 and CTHRC1 conjugate vaccines.  

 

[Brief Description of Drawings] 

Fig. 1 is a result of indirect ELISA for 4H5 and 9E6 mouse antibodies having high 

binding affinity to CTHRC1 (Sensitivity: 4H5,9E6 >> 1D1 > 6C1). 

Fig. 2 is a result confirming that the 4H5 and 9E6 mouse antibodies have different 

epitopes, which suggests that they can induce an anticancer action through different 

mechanisms.  

Fig. 3 is a result confirming that cCMAb45 and cCMAb96 not only have high 

binding affinity to CTHRC1 protein but also specifically bind thereto.  

Fig. 4 is a result confirming the inhibitory effect of cCMAb45 and cCMAb96 on the 

migration of pancreatic cancer in vitro. 

Fig. 5 is a result of confirming the inhibitory effect of cCMAb45 and cCMAb96 on 

the migration of breast cancer in vitro.  

Fig. 6 is a result confirming the inhibitory effect of cCMAb45 and cCMAb96 on the 

migration of ovarian cancer in vitro.  

Fig. 7 is a result confirming the inhibitory effect of cCMAb45 and cCMAb96 on the 

migration of bladder cancer in vitro.  

Fig. 8 is a result confirming the inhibitory effect of cCMAb45 and cCMAb96 on the 

invasion of pancreatic cancer in vitro. 
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Fig. 9 is a result confirming the inhibitory effect of cCMAb45 and cCMAb96 on the 

invasion of patient-derived pancreatic cancer cells in vitro.  

Fig. 10 is a result confirming the inhibitory effect of cCMAb45 and cCMAb96 on 

the invasion of breast cancer in vitro. 

Fig. 11 is a result confirming the inhibitory effect of cCMAb45 and cCMAb96 on 

the invasion of ovarian cancer in vitro.  

Fig. 12 is a result confirming the inhibitory effect of cCMAb45 and cCMAb96 on 

the invasion of bladder cancer in vitro. 

Fig. 13 is a result of production of the 4H5 and 9E6 humanized candidate 

antibodies. 

Fig. 14 is a result of measuring the binding affinity of the 4H5 and 9E6 humanized 

candidate antibodies.  

Fig. 15 is a result of verifying the efficacy of the 4H5 and 9E6 humanized 

candidate antibodies using the pancreatic cancer cell line Panc-1.  

Fig. 16 is a result of re-measuring the binding affinity of the 4H5 and 9E6 

humanized candidate antibodies selected as primary antibodies.  

Fig. 17 is a result of re-verifying the efficacy of the 4H5 and 9E6 humanized 

candidate antibodies firstly selected. 

Fig. 18 is a result confirming that hCMAb45 and hCMAb96 specifically bind to 

CTHRC1 protein.  

Fig. 19 is a result confirming the inhibitory effect of hCMAb45 and hCMAb96 on 

the migration of pancreatic cancer in vitro.  

Fig. 20 is a result confirming the inhibitory effect of hCMAb45 and hCMAb96 on 

the migration of ovarian cancer in vitro.  

Fig. 21 is a result of confirming the inhibitory effect of hCMAb45 and hCMAb96 

on the migration of breast cancer in vitro.  

Fig. 22 is a result of confirming the inhibitory effect of hCMAb45 and hCMAb96 

on the migration of bladder cancer, lung cancer, and melanoma in vitro. 

Fig. 23 is a result confirming the inhibitory effect of hCMAb45 and hCMAb96 on 
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the invasion of pancreatic cancer in vitro. 

Fig. 24 is a result confirming the inhibitory effect of hCMAb45 and hCMAb96 on 

the invasion of ovarian cancer in vitro. 

Fig. 25 is a result confirming the inhibitory effect of hCMAb45 and hCMAb96 on 

the invasion of breast cancer in vitro. 

Fig. 26 is a result confirming the inhibitory effect of hCMAb45 and hCMAb96 on 

the invasion of bladder cancer, lung cancer, and melanoma in vitro. 

Fig. 27 is a result confirming the in vivo anticancer effect of hCMAb45 and 

hCMAb96.  The model using the pancreatic cancer cell line BxPC-3 shows a reduced 

tumor volume compared to the control group. 

 

[Detailed Description of Preferred Embodiments] 

The present invention will be described in detail below.  Meanwhile, each 

description and embodiment disclosed herein can be applied to other descriptions and 

embodiments, respectively.  That is, all combinations of various elements disclosed 

herein fall within the scope of the present invention. Further, the scope of the present 

invention is not limited by the specific description described below. 

 

Throughout the disclosure of the present invention, the conventional 1-letter 

codes and 3-letter codes for naturally-occurring amino acids are used.  Additionally, the 

amino acids mentioned in abbreviation in the present disclosure are described according 

to the IUPAC-IUB Nomenclature.  

 

alanine  Ala, A  arginine Arg, R 

asparagine Asn, N aspartic acid Asp, D 

cysteine Cys, C glutamic acid Glu, E 

glutamine Gln, Q glycine Gly, G 

histidine His, H isoleucine Ile, I 

leucine Leu, L lysine Lys, K 
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methionine Met, M phenylalanine Phe, F 

proline Pro, P serine Ser, S 

threonine Thr, T tryptophan Trp, W 

tyrosine Tyr, Y valine Val, V 

 

One aspect of the present invention provides an antibody that specifically binds 

to collagen triple helix repeat containing-1 (CTHRC1) protein. 

 

As used herein, the term “CTHRC1 (collagen triple helix repeat containing-1)” is 

a water-soluble protein that involves in vascular remodeling, bone formation, and 

morphogenesis, and it is known that the protein is expressed in injured arteries and 

thereby promotes cell migration, and has the function of remodeling the injured aorta by 

inhibiting collagen synthesis in fibroblasts and smooth muscle cells.  It is also known that 

the expression of CTHRC1 in endothelial cells regulates transforming growth factor-β 

(TGF-β) and thus suppresses the expression of TGF-β target genes including collagen.  

Additionally, CTHRC1 transgenic mice increase osteoblastic bone formation of 

osteoblasts, and differentiation and mineralization of osteoprogenitor cells, and also 

interact with Wnt5a to activate planar cell polarity pathway.  Based on these, the role of 

CTHRC1 in the regulation of morphogenesis during development can be confirmed. 

The CTHRC1 protein of the present invention may be obtained through 

recombination by a conventional method or may be commercially purchased.  The 

CTHRC1 of the present invention may be in the form of an isolated protein or in a form 

bound to other proteins or polysaccharides, and specifically, it may be in a form bound to 

bacterial exotoxins, but the form is not limited thereto.  

Antibodies that specifically recognize CTHRC1 protein can be used for diagnosis, 

prevention or treatment of diseases, such as cancer, in which CTHRC1 is overexpressed.  

In this regard, the present inventors have developed an antibody that binds to human and 

mouse CTHRC1 protein with high affinity.  The antibody of the present invention binds 

to all of the human CTHRC1 protein with high affinity, and thus can be effectively used in 
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the field of diagnosis of diseases in which the CTHRC1 protein is overexpressed, as well 

as in the field of prevention or treatment of cancer.  

  

As used herein, the term “antibody” refers to a protein molecule that acts as a 

receptor capable of specifically recognizing antigens, including an immunoglobulin 

molecule having immunological reactivity to a particular antigen.  It may include all of 

polyclonal antibodies, monoclonal antibodies, whole antibodies, and antibody fragments.  

For the purpose of the present invention, the antibody may be an antibody that specifically 

binds to collagen triple helix repeat containing-1 (CTHRC1) protein.  Additionally, the 

term includes chimeric antibodies, humanized antibodies, human antibodies and bivalent 

or bispecific molecules (e.g., bispecific antibodies), diabodies, triabodies, and tetrabodies.  

Additionally, the term further includes a single-chain antibody having a binding function 

to neonatal Fc receptors (FcRn), scabs (single-chain antibodys), derivatives of an 

antibody constant region, and artificial antibodies based on a protein scaffold.  The 

whole antibody has a structure with two full-length light chains and two full-length heavy 

chains, in which each light chain is linked to a heavy chain by a disulfide bond.  The 

whole antibody includes IgA, IgD, IgE, IgM, and IgG, in which IgG includes IgG1, IgG2, 

IgG3, and IgG4 as subtypes.  The antibody fragment refers to a fragment having an 

antigen-binding function and includes Fd, Fab, Fab′, F(ab′)2, Fv, etc.  The Fd refers 

to the heavy chain portion included in the Fab fragment.  The Fab has a structure 

composed of variable regions of the light and heavy chains, a constant region of the light 

chain, and the first constant region of the heavy chain (CH1 domain), and has one 

antigen-binding site.  The Fab′differs from Fab in that it has a hinge region including at 

least one cysteine residue at the C-terminus of the heavy chain CH1 domain.  The 

F(ab′)2 antibody is produced as the cysteine residue in the hinge region of the Fab′ 

forms a disulfide bond.  The variable fragment (Fv) refers to a minimum antibody 

fragment having only a heavy chain variable region and a light chain variable chain.  The 

disulfide-stabilized Fv (dsFv) antibody fragment is characterized in that the heavy chain 

variable region and the light chain variable region are linked by a disulfide bond, whereas 
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the single-chain Fv (scFv) is generally characterized in that the heavy chain variable 

region and the light chain variable region are linked by a covalent bond through a peptide 

linker.  These antibody fragments can be obtained using a protease (e.g., Fab can be 

obtained by restriction digestion of whole antibodies with papain, and F(ab′)2 fragment 

can be obtained by digestion of whole antibodies with pepsin).  Preferably, the antibody 

fragments may be constructed through genetic recombination technology. 

As used herein, the term “monoclonal antibody” refers to antibody molecules 

having a single molecular composition, obtained from a population of essentially identical 

antibodies.  Such monoclonal antibodies show a single binding specificity and affinity for 

a specific epitope. 

Generally, an immunoglobulin has a heavy chain and a light chain, and each of 

the heavy chain and the light chain includes a constant region and a variable region (these 

regions are also known as “domains”).  The variable regions of the light chain and the 

heavy chain include three hypervariable regions called complementarity-determining 

regions (hereinafter, “CDR”) and four framework regions.  The CDRs are primarily 

responsible for binding to an epitope of an antigen.  The CDRs of each chain are typically 

referred to as CDR1, CDR2, and CDR3, numbered sequentially starting from the N-

terminus, and are also identified by the chain in which the particular CDR is located. 

As used herein, the term “human antibody” refers to a molecule derived from 

human immunoglobulin, in which the full-length amino acid sequence of the antibody, 

including complementarity-determining regions and framework regions, consists of the 

amino acid sequence of human immunoglobulin.  Human antibodies are generally used 

for the treatment of human diseases and may have three or more potent advantages.  

First, the human antibody can more easily interact with the human immune system so 

that target cells can be more efficiently lysed by, for example, complement-dependent 

cytotoxicity (CDC) or antibody-dependent cell-mediated cytotoxicity (ADCC).  Second, 

there is an advantage in that the human immune system does not recognize the antibody 

as a foreign antibody.  Third, there is an advantage in that, even when a drug is 

administered in a smaller amount at a lower frequency, the half-life thereof in the human 
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circulatory system is similar to that of a naturally-occurring antibody.  

Additionally, when the antibody of the present invention includes a constant region, 

it may include a constant region derived from IgG, IgA, IgD, IgE, IgM, or combinations or 

hybrids thereof. 

As used herein, the term “combination” means that polypeptides encoding single-

chain immunoglobulin constant regions of the same origin are linked to a single-chain 

polypeptide of a different origin to form a dimer or a multimer.  For example, a dimer or 

a multimer may be formed from two or more constant regions selected from the group 

consisting of IgG, IgA, IgD, IgE, and IgM constant regions.  

As used herein, the term “hybrid” means that sequences corresponding to two or 

more immunoglobulin heavy chain constant regions of different origins are present in a 

single-chain of an immunoglobulin heavy chain constant region.  For example, possible 

hybrid domains may be composed of one to four domains selected from the group 

consisting of CH1, CH2, CH3, and CH4 of IgG, IgA, IgD, IgE, and IgM.  

As used herein, the term “antibody that specifically binds to collagen triple helix 

repeat containing-1 (CTHRC1) protein” refers to an antibody capable of inhibiting the 

activity of CTHRC1 protein by binding to CTHRC1 protein.  

The antibody that specifically binds to CTHRC1 of the present invention is 

characterized in that it binds to human CTHRC1 protein with high affinity. 

The antibody may include (a) a heavy chain variable region including a heavy 

chain CDR1 of SEQ ID NO: 1 or 11, a heavy chain CDR2 of SEQ ID NO: 2 or 12, and a 

heavy chain CDR3 of SEQ ID NO: 3 or 13; and (b) a light chain variable region including 

a light chain CDR1 of SEQ ID NO: 4 or 14, a light chain CDR2 of SEQ ID NO: 5 or 15, 

and a light chain CDR3 of SEQ ID NO: 6 or 16. 

Additionally, the antibody of the present invention may include, but are not limited 

to, a heavy chain variable region consisting of an amino acid sequence of SEQ ID NO: 7, 

17, 21, or 25; and a light chain variable region consisting of an amino acid sequence of 

SEQ ID NO: 9, 19, 23, or 27. 

In one example of the present invention, the antibody of the present invention with 



11  

 

improved affinity and specificity for CTHRC1 protein may specifically include a heavy 

chain variable region including a heavy chain CDR1 of SEQ ID NO: 1, a heavy chain 

CDR2 of SEQ ID NO: 2, and a heavy chain CDR3 of SEQ ID NO: 3; and a light chain 

variable region including a light chain CDR1 of SEQ ID NO: 4, a light chain CDR2 of SEQ 

ID NO: 5, and a light chain CDR3 of SEQ ID NO: 6; or 

a heavy chain variable region including a heavy chain CDR1 of SEQ ID NO: 11, 

a heavy chain CDR2 of SEQ ID NO: 12, and a heavy chain CDR3 of SEQ ID NO: 13; and 

a light chain variable region including a light chain CDR1 of SEQ ID NO: 14, a light chain 

CDR2 of SEQ ID NO: 15, and a light chain CDR3 of SEQ ID NO: 16, but is not limited 

thereto.  

In one embodiment of the present invention, the antibody including a heavy chain 

variable region consisting of the amino acid sequence of SEQ ID NO: 7 and a light chain 

variable region consisting of the amino acid sequence of SEQ ID NO: 9 was named “4H5” 

or “cCMAb45”, and the antibody including a heavy chain variable region consisting of the 

amino acid sequence of SEQ ID NO: 17 and a light chain variable region consisting of 

the amino acid sequence of SEQ ID NO: 19 was named “9E6” or “cCMAb96”. 

Additionally, the antibody including a heavy chain variable region consisting of the 

amino acid sequence of SEQ ID NO: 21 and a light chain variable region consisting of 

the amino acid sequence of SEQ ID NO: 23 was named “4H5” or “hCMAb45”, and the 

antibody including a heavy chain variable region consisting of the amino acid sequence 

of SEQ ID NO: 25 and a light chain variable region consisting of the amino acid sequence 

of SEQ ID NO: 27 was named “9E6” or “hCMAb96”. 

In one embodiment of the present invention, four novel 4H5, 9E6, 6C1, and 1D1 

antibodies with the highest affinity to antigen were selected by screening B lymphocytes 

that bind to CTHRC1 protein, and as a result of confirming the epitopes of 4H5 and 9E6 

among the four antibodies, it was confirmed that 4H5 and 9E6 specifically bind to the 

CTHRC1 protein with high affinity, thereby providing the above two novel antibodies.  

These results suggest that the antibody binding to the CTHRC1 protein of the 

present invention can be effectively used in the field requiring recognition of CTHRC1 
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protein, for example, in the diagnosis or treatment of diseases in which CTHRC1 protein 

is overexpressed.  

 

Another aspect of the present invention provides a method for preparing the 

antibody. 

The antibody of the present invention can be easily prepared by conventional 

antibody production technology.  For example, the method for preparing monoclonal 

antibodies may be performed by producing a hybridoma using B lymphocytes obtained 

from immunized animals (Koeher and Milstein, 1976, Nature, 256:495) or may be 

performed using the phage display technology, but is not limited thereto.  The method 

for preparing polyclonal antibodies can be easily prepared using conventional antibody 

production technology.  

An antibody library using the phage display technology is a method of expressing 

an antibody on the surface of a phage with genes of the antibody directly obtained from 

B lymphocytes without preparation of hybridoma.  Many of the difficulties associated with 

generating monoclonal antibodies by B-cell immortalization can be overcome by the 

phage display technology.  The conventional phage display includes the steps of: 1) 

inserting an oligonucleotide having a random sequence into the region corresponding to 

the N-terminus of a phage coat protein pIII (or pIV); 2) expressing a fusion protein 

consisting of a part of a natural coat protein and a polypeptide encoded by the above 

oligonucleotide having a random sequence; 3) treating a material that can bind to the 

polypeptide coded by the oligonucleotide; 4) eluting peptide-phage particles bound to the 

above material at a low pH or using a molecule which has binding competitiveness; 5) 

amplifying the eluted phage in a host cell by panning; 6) repeating the above steps to 

obtain desired amounts of phage; and 7) determining the sequence of an active antibody 

from the DNA sequences of the phage clones selected by panning. 

The method for preparing the monoclonal antibody of the present invention may 

be performed by the phage display technology.  A person skilled in the art to which the 

present invention pertains can easily perform the above steps with reference to well-
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known phage display techniques, which are disclosed in, for example, Barbas et al. 

(METHODS: A Companion to Methods in Enzymology 2:119, 1991 J. Virol. 2001 July; 

75(14):6692–9) and Winter et al. (Ann. Rev. Immunol. 12:433, 1994).  Examples of a 

phage which can be used for constructing an antibody library include, but are not limited 

to, filamentous phages, such as fd, M13, fl, If1, Ike, Zj/Z, Ff, Xf, Pf1, and Pf3.  Also, 

examples of a vector which can be used for the expression of a heterogeneous gene on 

the surface of the filamentous phage include, but are not limited to, phage vectors, such 

as fUSE5, fAFF1, fd-CAT1, or fdtetDOG, or phagemid vectors, such as pHEN1, pComb3, 

pComb8, or pSEX.  Further, examples of a helper phage, which can be used to provide 

a natural coat protein required for successful re-infection of recombinant phage, include, 

but are not limited to, M13K07 or VSCM13. 

A polynucleotide encoding the monoclonal antibody clone of the present invention 

can be readily isolated and sequenced using conventional procedures, e.g., by using 

oligonucleotide primers designed to specifically amplify the heavy chain and light chain 

regions of interest from a phage template DNA.  Once the polynucleotide is isolated, it 

can be placed into an expression vector, which is then introduced into suitable host cells, 

and the desired monoclonal antibody can be prepared from the transformed host cells 

(i.e., transformants).  Thus, the method for preparing the human monoclonal antibody 

may include a step of amplifying a polynucleotide encoding the human monoclonal 

antibody in an expression vector including a polynucleotide encoding the human 

monoclonal antibody, but is not limited thereto. 

 

Still another aspect of the present invention provides a polynucleotide encoding 

the antibody, an expression vector including the polynucleotide, and a host cell introduced 

with the expression vector.  

The antibody is as described above.  

An expression vector including a polynucleotide encoding the antibody according 

to the present invention is not specifically limited, but may be a vector capable of 

replicating and/or expressing the polynucleotide in eukaryotic or prokaryotic cells, 
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including mammalian cells (e.g., human, monkey, rabbit, rat, hamster or mouse cells), 

plant cells, yeast cells, insect cells and bacterial cells (e.g., E. coli).  Preferably, it may 

be a vector, which includes at least one selective marker and is operably linked to a 

suitable promoter so that the nucleotide can be expressed in a host cell.  For example, 

the vector may be in a form in which the polynucleotide is introduced into a phage, plasmid, 

cosmid, mini-chromosome, virus or retrovirus vector, etc. 

The expression vector including the polynucleotide encoding the antibody may be 

an expression vector including each of the polynucleotides encoding the heavy chain or 

light chain of the antibody or an expression vector including all of the polynucleotides 

encoding the heavy chain or light chain of the antibody. 

The host cell into which the expression vector is introduced may be, but is not 

particularly limited to, transformants introduced with the expression vector, e.g., bacterial 

cells such as E. coli, Streptomyces, Salmonella typhimurium, etc.; yeast cells; fungal cells 

such as Pichia pastoris, etc.; insect cells such as Drosophila, Spodoptera Sf9 cells, etc.; 

animal cells such as Chinese hamster ovary (CHO) cells, SP2/0 (mouse myeloma), 

human lymphoblastoid, COS (monkey kidney fibroblasts), NSO (mouse myeloma), 293T, 

Bowes melanoma cells, HT-1080, BHK (baby hamster kidney cells), HEK (human 

embryonic kidney cells), PERC.6 (human retinal cells), etc.; and plant cells. 

As used herein, the term “introduction” refers to the delivery of the vector including 

the polynucleotide encoding the antibody into a host cell.  Such introduction may be 

performed by various methods known in the art, such as, calcium phosphate–DNA co-

precipitation, DEAE–dextran-mediated transfection, polybrene-mediated transfection, 

electroporation, microinjection, liposome-mediated transfection, liposome fusion, 

lipofection and protoplast fusion.  Also, transfection means delivering a desired material 

into a cell by means of infection using viral particles.  In addition, the vector may be 

introduced into a host cell by gene bombardment, etc.  In the present invention, the 

introduction may be used interchangeably with transfection.  

 

Yet another aspect of the present invention provides a pharmaceutical 
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composition for preventing or treating cancer, including the antibody.  

The antibody binds with high affinity to CTHRC1 protein, which is overexpressed 

in cancer and known to play an important role in the growth and metastasis of cancer 

cells, leading to the inhibition, neutralization, and/or cytotoxic reaction of the CTHRC1 

protein, and thereby result in the prevention or treatment of a disease in which the 

CTHRC1 protein is overexpressed. The antibody is as described above.  

As used herein, the term “cancer” refers to any kind of cancer that can be 

prevented or treated by the antibody of the present invention without limitation.  

Examples thereof may include, but are not limited to, pancreatic cancer, ovarian cancer, 

breast cancer, melanoma, liver cancer, cervical cancer, gastric cancer, lung cancer, 

colorectal cancer, oral cancer and bladder cancer.  As used herein, the term “prevention” 

refers to all actions that inhibit or delay the development of cancer by administering the 

composition, and the term “treatment” refers to all actions that restore or beneficially 

change the symptoms of cancer by administering the composition. 

The pharmaceutical composition may further include a pharmaceutically 

acceptable carrier. 

As used herein, the term “pharmaceutically acceptable carrier” refers to a carrier 

or diluent that does not cause irritation to an organism and does not abrogate the 

biological activity and properties of the administered compound.  Examples of the 

pharmaceutically acceptable carrier, which can be used to formulate the composition in 

the form of liquid solutions, include saline solution, sterile water, Ringer’s solution, 

buffered saline solution, albumin injection solution, dextrose solution, maltodextrin 

solution, glycerol, ethanol, and a mixture of one or more thereof.  If necessary, the 

composition may also contain other conventional additives, such as antioxidants, buffers, 

bacteriostatic agents, etc.  Moreover, the composition may additionally contain diluents, 

dispersants, surfactants, binders and lubricants in order to formulate the composition into 

injectable formulations, such as aqueous solutions, suspensions, emulsions, etc., pills, 

capsules, granules or tablets. 

The pharmaceutical composition may be in the form of various oral or parenteral 
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formulations.  The pharmaceutical composition is formulated using conventional diluents 

or excipients, including fillers, extenders, binders, wetting agents, disintegrants, 

surfactants, etc.  Solid formulations for oral administration include tablets, pills, powders, 

granules, capsules, etc.  These solid formulations may be prepared by mixing at least 

one compound with one or more excipients, for example, starch, calcium carbonate, 

sucrose, lactose, gelatin, etc.  In addition to simple excipients, lubricants such as 

magnesium stearate, talc, etc. may also be used.  Additionally, liquid formulations for 

oral administration include a suspension, a solution for internal use, an emulsion and a 

syrup, etc.  In addition to water, commonly used as a simple diluent, and liquid paraffin, 

various excipients, for example, wetting agents, sweetening agents, flavors, 

preservatives, etc. may be included.  Formulations for parenteral administration include 

sterilized aqueous solutions, non-aqueous solvents, suspending agents, emulsions, 

freeze-drying agents, suppositories, etc.  Propylene glycol, polyethylene glycol, 

vegetable oils such as olive oil, injectable esters such as ethyl oleate, etc. may be used 

as non-aqueous solvents and suspending agents.  Bases for suppositories may include 

witepsol, macrogol, tween 61, cacao butter, laurin butter, glycerinated gelatin, etc. 

The pharmaceutical composition may have any one formulation selected from the 

group consisting of a tablet, a pill, powder, a granule, a capsule, a suspension, a solution 

for internal use, an emulsion, a syrup, a sterilized aqueous solution, a non-aqueous 

solution, a freeze-drying agent and a suppository. 

The composition of the present invention may be administered in a 

pharmaceutically effective amount. 

As used herein, the term “pharmaceutically effective amount” refers to an amount 

sufficient to treat diseases, at a reasonable benefit/risk ratio applicable to any medical 

treatment.  The effective dosage level of the composition may be determined depending 

on the subject’s type, the disease severity, the subject’s age and sex, the type of cancer, 

the activity of the drug, sensitivity to the drug, the time of administration, the route of 

administration, excretion rate, the duration of treatment, factors including drugs used in 

combination with the composition, and other factors known in the medical field.  The 
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composition of the present invention may be administered alone or in combination with 

other therapeutic agents, and may be administered sequentially or simultaneously with 

conventional therapeutic agents.  Additionally, the composition can be administered in a 

single or multiple dosage form.  It is important to administer the composition in the 

minimum amount that can exhibit the maximum effect without causing side effects, in 

view of all the above-described factors, and the minimum amount can be easily 

determined by those skilled in the art.  

 

Even another aspect of the present invention provides a method for treating 

cancer using the antibody.  

The antibody and cancer are as described as above.  

The method for treating cancer may be a method for treating cancer including a 

step of administering a pharmaceutical composition including the antibody together with 

a pharmaceutically acceptable carrier to a subject having cancer or suspected of having 

cancer.  Herein, the pharmaceutically acceptable carrier is as described above.  The 

method for treating cancer may specifically be a method for treating cancer including a 

step of administering a composition including the antibody to a subject having cancer.  

Examples of the subject include mammals, including cattle, pigs, sheep, chickens, 

dogs, humans, etc. and birds.  The subject may be any subject in which cancer is to be 

treated by administration of the composition of the present invention. 

In particular, the composition may be administered in a pharmaceutically effective 

amount in a single or multiple dosage form.  Herein, the composition may be 

administered in the form of liquid, powder, aerosol, capsule, enteric coated tablet or 

capsule, or suppository.  In addition, the composition may be administered 

intraperitoneally, intravenously, intramuscularly, subcutaneously, intradermally, orally, 

topically, intranasally, intrapulmonarily, or intrarectally, but is not limited thereto.  

However, when the composition is administered orally, the peptide is digested in the 

stomach, and for this reason, the oral composition should be formulated so that the active 

ingredient is coated or protected from decomposition in the stomach.  In addition, the 
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pharmaceutical composition may be administered using any device capable of delivering 

the active ingredient to a target cell. 

 

Further another aspect of the present invention provides a method of providing 

information for diagnosing cancer, including detecting CTHRC1 protein in a biological 

sample isolated from a subject suspected of having cancer through an antigen–antibody 

reaction, using the antibody.  Additionally, the method may be a method for diagnosing 

cancer.  

Still further another aspect of the present invention provides a method of providing 

information for predicting prognosis of cancer, including detecting CTHRC1 protein in a 

biological sample isolated from a subject suffering from cancer through an antigen–

antibody reaction, using the antibody.  In addition, the method may be a method for 

predicting prognosis of cancer.  The antibody, cancer, subject and CTHRC1 protein are 

as described above.  Since the CTHRC1 protein is known to be overexpressed in 

various cancers, the antibody of the present invention can be effectively used for 

diagnosis of cancers in which the CTHRC1 protein is known to be overexpressed.  In 

addition, it has also been reported that the overexpression of CTHRC1 protein induces 

the epithelial-mesenchymal transition (EMT) related to metastasis and is thus associated 

with poor prognosis of cancer.  Therefore, the antibody according to the present 

invention can be effectively used for predicting the prognosis of cancer. 

The method of providing information for diagnosing cancer or predicting prognosis 

of cancer enables the detection of CTHRC1 protein by reacting the human monoclonal 

antibody specific for CTHRC1 of the present invention with a biological sample isolated 

from a subject suspected of having cancer or suffering from cancer and detecting the 

formation of an antigen–antibody complex, thereby providing the information for 

diagnosing cancer or predicting the prognosis of cancer.  

Specifically, the method may be a method of providing information for diagnosis 

of cancer or a method for diagnosing cancer, including the steps of: (a) treating a 

biological sample isolated from a subject suspected of having cancer with the antibody, 
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to detect CTHRC1 protein by an antigen–antibody reaction; and (b) comparing the level 

of the CTHRC1 protein detected in step (a) with that in a control group, and judging the 

subject as a cancer patient if the level of the CTHRC1 protein in the biological sample is 

higher than that in the control group.  

Specifically, the method may be a method of providing information for predicting 

prognosis of cancer or a method for predicting prognosis of cancer, including the steps 

of: (a) treating a biological sample isolated from a subject suffering from cancer with the 

antibody, to detect CTHRC1 protein by an antigen–antibody reaction; and (b) comparing 

the level of the CTHRC1 protein detected in step (a) with that in a control group. 

As used herein, the term “biological sample” is meant to include tissues, cells, 

whole blood, serum, plasma, tissue autopsy samples (brain, skin, lymph node, spinal cord, 

etc.), cell culture supernatant, ruptured eukaryotic cells, and bacterial expression systems, 

etc., but is not limited thereto.  These biological samples can be reacted with the 

antibody in a manipulated or non-manipulated state in order to determine the presence 

of CTHRC1 protein or the presence or absence of cancer.  

As used herein, the term “antigen–antibody complex” refers to a conjugate 

between the CTHRC1 protein antigen in a sample and the monoclonal antibody of the 

present invention recognizing the CTHRC1 protein antigen.  The formation of such an 

antigen–antibody complex can be detected by any method selected from the group 

consisting of a colorimetric method, an electrochemical method, a fluorimetric method, 

luminometry, a particle counting method, visual assessment, and a scintillation counting 

method, but the method is not limited thereto, and various methods may be used. 

In the present invention, various labels may be used to detect the antigen–

antibody complex.  Specific examples of the label include, but are not limited to, 

enzymes, fluorescent materials, ligands, luminescent materials, microparticles, and 

radioactive isotopes.  

Examples of the enzyme used as the detection label include acetyl-cholinesterase, 

alkaline phosphatase, βD-galactosidase, horseradish peroxidase, β-lactamase, etc.  

Examples of the fluorescent material include fluorescein, Eu3+, Eu3+ chelates, cryptate, 
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etc.  Examples of the ligand include biotin derivatives, etc., and examples of the 

luminescent material include acridinium ester, isoluminol derivatives, etc.  In addition, 

examples of the microparticles include colloidal gold, colored latex, etc., and examples of 

the radioactive isotope includes 57Co, 3H, 125I, and 125I-Bonton Hunter reagents, etc. 

Preferably, the antigen–antibody complex may be detected by an enzyme linked 

immunosorbent assay (ELISA).  Examples of the ELISA include various ELISA, such as 

direct ELISA using a labeled antibody recognizing an antigen attached to a solid support, 

indirect ELISA using a labeled secondary antibody recognizing a capture antibody in an 

antibody complex that recognizes an antigen attached to a solid support, direct sandwich 

ELISA using another labeled antibody recognizing an antigen in an antigen–antibody 

complex attached to a solid support, indirect sandwich ELISA which involves reacting an 

antigen with another antibody in an antigen–antibody complex attached to a solid support 

and using a labeled secondary antibody recognizing another antibody, and competitive 

ELISA which involves competition between different antigens with the same antibody 

binding site, etc.  

The monoclonal antibody may have a detection label.  If the monoclonal antibody 

has no detection label, it can be captured and detected by treatment with another antibody 

having a detection label. 

 

Still further another aspect of the present invention provides a composition for 

diagnosing cancer or predicting prognosis of cancer.  

The antibody and cancer are the same as described above.  It is possible to 

diagnose diseases related to the expression or level of expression of CTHRC1 protein, 

such as cancer, or predict the prognosis of cancer, by using the composition for 

diagnosing cancer or predicting prognosis of cancer, including the antibody specific for 

CTHRC1 protein of the present invention.  

 

Still further another aspect of the present invention provides a kit for diagnosing 

cancer or predicting prognosis of cancer, including the composition for diagnosing cancer 
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or predicting prognosis of cancer.  

The composition and cancer are the same as described above.  In addition, the 

kit for diagnosing cancer may further include a composition, solution or device having one 

or more other components suitable for assay methods. 

 

Still further another aspect of the present invention provides a composition and a 

kit for detecting CTHRC1 protein, including the antibody that specifically binds to collagen 

triple helix repeat containing-1 (CTHRC1) protein. 

Still further another aspect of the present invention provides a method for 

detecting CTHRC1 protein in a sample, including detecting an CTHRC1 antigen–antibody 

complex using the antibody that specifically binds to CTHRC1.  The detection method 

may be used for quantification of conjugate vaccines. 

As used herein, the term “antigen–antibody complex” refers to a conjugate 

between the relevant antigen in a sample and an antibody recognizing the antigen.  The 

detection of the antigen–antibody complex can be carried out using any of methods well-

known in the art, for example, spectroscopic, photochemical, biochemical, 

immunochemical, electrical, absorption spectrometric, chemical, and other methods.  

Specifically, it may be detected by any method selected from the group consisting of a 

colorimetric method, an electrochemical method, a fluorimetric method, luminometry, a 

particle counting method, visual assessment, and a scintillation counting method, and 

methods of Western blot, ELISA, radioimmunoassay, radioimmunodiffusion, Ouchterlony 

immunodiffusion method, rocket immunoelectrophoresis, tissue immunostaining, 

immunoprecipitation assay, complement fixation assay, flow cytometry (FACS), protein 

chip, etc., but the method is not limited thereto.  

In the present invention, various labels may be used to detect the antigen–

antibody complex.  Specific examples of the label include, but are not limited to, 

enzymes, fluorescent materials, ligands, luminescent materials, microparticles, and 

radioactive isotopes.  

Examples of the enzyme used as the detection label include acetyl-cholinesterase, 
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alkaline phosphatase, βD-galactosidase, horseradish peroxidase, β-lactamase, etc.  

Examples of the fluorescent material include fluorescein, Eu3+, Eu3+ chelates, cryptate, 

etc.  Examples of the ligand include biotin derivatives, etc., and examples of the 

luminescent material include acridinium ester, isoluminol derivatives, etc.  In addition, 

examples of the microparticles include colloidal gold, colored latex, etc., and examples of 

the radioactive isotope includes 57Co, 3H, 125I, and 125I-Bonton Hunter reagents, etc.  

These materials are not limited thereto. 

The kit of the present invention may be in the form of enzyme-linked 

immunosorbent assay (ELISA) kit.  Specifically, the kit may include the above-described 

antibody as a capture antibody, and the ELISA may include (i) a polyclonal antibody that 

binds to CTHRC1; (ii) a capture antibody in the form of the antibody that specifically binds 

to collagen triple helix repeat containing-1(CTHRC1) protein; and (iii) an antibody bound 

to a detection-labeled IgG Fc, but is not limited thereto.  

As used herein, the term “enzyme-linked immunosorbent assay (ELISA)” is also 

referred to as an enzyme immunoassay method, and is a method for quantification using 

absorbance by binding an enzyme to an antibody to form an antigen–antibody complex 

through the reaction of the enzyme with a substrate.  Examples of the ELISA include 

various ELISA, such as direct ELISA using a labeled antibody recognizing an antigen 

attached to a solid support, indirect ELISA using a labeled secondary antibody 

recognizing a capture antibody in an antibody complex that recognizes an antigen 

attached to a solid support, direct sandwich ELISA using another labeled antibody 

recognizing an antigen in an antigen–antibody complex attached to a solid support, 

indirect sandwich ELISA which involves reacting an antigen with another antibody in an 

antigen–antibody complex attached to a solid support and using a labeled secondary 

antibody recognizing another antibody, and competitive ELISA which involves 

competition between different antigens with the same antibody binding site, etc.  

A very trace amount of CTHRC1 protein can be detected using the antibody that 

specifically binds to the CTHRC1 protein of the present invention; a composition for 

detection including the same; a kit; and a method for detecting CTHRC1 protein using the 
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same.  The amount of the protein to be detected may be specifically less than 1 mg, less 

than 100 μg, and more specifically less than 10 μg, less than 1 μg, less than 100 ng, less 

than 10 ng, and less than 1 ng. 

In one embodiment of the present invention, it was confirmed that several ng 

levels of CTHRC1 protein can be detected by performing indirect ELISA using 4H5 and 

9E6 antibodies that specifically bind to CTHRC1 as capture antibodies, and that 

conjugate vaccines can also be detected through ELISA. 

As described above, a much smaller amount of CTHRC1 protein can be detected 

by using the antibody of the present invention, as compared to the conventional kit for 

detecting CTHRC1 protein.  Accordingly, the antibody of the present invention can be 

effectively used for quantification of CTHRC1 protein and vaccines using the same. 

 

[Mode for Carrying Out the Invention] 

Hereinafter, the present invention will be described in more detail by way of 

Examples and Experimental Examples.  However, these Examples and Experimental 

Examples are given for illustrative purposes only, and the scope of the invention is not 

intended to be limited to or by these Examples and Experimental Examples. 

 

<Example 1: Mouse Antibodies cCMAb45 and cCMAb96 > 

 

Example 1-1: Discovery of 4H5 and 9E6 

In order to develop an antibody targeting a CTHRC1 protein, a mouse monoclonal 

antibody that binds to the CTHRC1 protein was discovered.  Specifically, once an 

antibody for the CTHRC1 protein was produced by injecting the CTHRC1 protein into a 

mouse, B lymphocytes were isolated from the spleen of the mouse.  The isolated 

lymphocytes were diluted so that only one B lymphocyte was allowed to enter each well 

of a 96-well plate coated with the CTHRC1 protein.  Then, the B lymphocytes binding to 

the CTHRC1 protein were screened using horseradish peroxidase (HRP)-labeled anti-

mouse antibodies. 
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As a result, four kinds of anti- CTHRC1 mouse monoclonal antibodies (4H5, 9E6, 

6C1, and 1D1) were discovered. 

 

Example 1-2: Confirmation of Affinity to CTHRC1 

Indirect ELISA was performed in order to identify the antibody with the highest 

affinity for the CTHRC1 protein among the four kinds of anti-CTHRC1 mouse monoclonal 

antibodies discovered in Example 1-1.  

An immuno-plate coated with CTHRC1-Fc and CTHRC1-His was treated with the 

four kinds of antibodies (4H5, 9E6, 6C1, and 1D1) at different concentrations and reacted 

for 2 hours, and the OD (optical density) values were measured using the HRP-labeled 

anti-mouse antibodies as a secondary antibody.  In particular, the higher OD value 

indicates that the antibodies bind to CTHRC1 with higher affinity. 

As a result, it was confirmed that although the OD values of all four antibodies 

increased according to the concentration of CTHRC1 protein, the two kinds of antibodies 

(4H5 and 9E6) bind to the CTHRC1 protein with higher affinity compared to the other 

antibodies (Fig. 1) 

 

Example 1-3: Confirmation of Epitopes 

In order to confirm the epitopes of 4H5 and 9E6 with high affinity among the four 

kinds of the anti-CTHRC1 mouse antibodies, competitive ELISA was performed.  In 

particular, the epitope refers to the location of the antigen recognized by the antibody. 

An immuno-plate was coated with the CTHRC1 protein, and then, biotin-labeled 

4H5 and 9E6 antibodies and antibodies not labeled with biotin were added thereto at a 

ratio of 1:0, 1:3, 1:6, 1:12.5, 1:25, 1:50, and 1:100.  The OD value of each antibody was 

measured using the streptavidin-HRP as a second antibody.  In particular, when the two 

antibodies (4H5 and 9E6) have similar epitopes, the OD values decrease as the 

concentration of the unlabeled antibodies increases, whereas when the epitopes of the 

two antibodies differ from each other, the OD values do not change even when the 

concentration of the unlabeled antibodies increases.  
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As a result, it was confirmed that 4H5 and 9E6 have different epitopes from each 

other (Fig. 2).  

 

Example 1-4: Preparation of Chimeric Antibodies cCMAb45 and cCMAb96 

In order to minimize the immunogenicity of the 4H5 and 9E6 mouse antibodies 

which are specific to CTHRC1 and have high affinity, chimeric antibodies were prepared 

in which the variable region of mouse antibodies was retained and only the constant 

region thereof was replaced with a human-derived protein.  The resulting antibodies 

were named cCMAb45 and cCMAb96.  

 

Example 1-5: Affinity Analysis (Indirect ELISA) 

The affinity of cCMAb45 and cCMAb96, which are anti-CTHRC1 chimeric 

antibodies, prepared in Example 1-3 to the CTHRC1 protein was verified.  Indirect ELISA 

was performed to test the affinity of the antigens and antibodies.  

100 μL of CTHRC1 was dispensed at a concentration of 5 μg/mL onto an immuno-

plate and coated at 4°C overnight.  The next day, the coated CTHRC1 solution was 

discarded and blocked for 2 hours.  Thereafter, the cCMAb45 and cCMAb96 antibodies 

were treated at different concentrations and reacted at room temperature for 2 hours, and 

the antibodies were discarded to remove the unbound antibodies, and then the plate was 

washed.  The OD value was measured using the anti-human Fc-HRP as a second 

antibody that recognizes human constant regions.  In particular, the higher OD value 

indicates higher affinity between CTHRC1 and the antibodies. 

As a result, cCMAb45 showed a KD value of 5.2×10−10 M,, and cCMAb96 showed 

a KD value of 4.3×10−10 M.  It was confirmed that both antibodies showed a very high 

affinity for the CTHRC1 protein (Fig. 3).  

 

Example 1-6: Specificity Analysis (Indirect ELISA) 

Indirect ELISA was performed to confirm whether cCMAb45 and cCMAb96 

specifically bind to CTHRC1.  As in the affinity analysis, an immuno-plate was coated 
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with the CTHRC1 protein and a number of non-specific antigenic proteins.  The next day, 

the coating solution was discarded and blocked, and cCMAb45 and cCMAb96 were 

added thereto at concentrations of 0 μg/mL, 1 μg/mL, and 5 μg/mL and reacted for 2 

hours.  Thereafter, the solution containing the antibodies was discarded and washed to 

remove unbound antibodies.  The anti-human kappa light chain-HRP was used as a 

secondary antibody to measure the OD values.  

As a result, it was confirmed that cCMAb45 and cCMAb96 showed high specificity 

for CTHRC1 (Fig. 3).  

 

Example 1-7: Confirmation of Inhibitory Effect on Migration of Cancer Cells 

In order to verify the therapeutic efficacy of cCMAb45 and cCMAb96, the inhibitory 

effect on migration was confirmed using cell lines of pancreatic cancer, breast cancer, 

ovarian cancer, and bladder cancer.  

Specifically, cCMAb45 and cCMAb96 were prepared at concentrations of 1 μg/mL 

and 5 μg/mL or 1 μg/mL and 10 μg/mL, diluted in a serum-free medium together with the 

cell lines, and dispensed into the upper chamber of the Transwell.  A medium containing 

serum was placed in the lower chamber to create an environment in which cells can 

migrate.  The number of migrated cells was measured by culturing the antibodies in each 

cell line for an appropriate time. 

As a result, it was confirmed that the degree of migration of cancer cells was 

significantly reduced in the groups treated with cCMAb45 and cCMAb96 compared to the 

control IgG group (Figs. 4 to 7). 

 

Example 1-8: Confirmation of Inhibitory Effect on Invasion of Cancer Cells 

In the same manner as in Examples 1 to 7, in order to verify the efficacy of 

cCMAb45 and cCMAb96, the inhibitory effect on invasion of cancer cells was confirmed.  

The experiment was performed using pancreatic cancer, a patient-derived pancreatic 

cancer cell line, breast cancer, ovarian cancer, and bladder cancer.  

The upper chamber of the Transwell was coated with Matrigel, which can 
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artificially mimic the extracellular matrix, and the invasion ability of the cancer cells was 

observed.  cCMAb45 and cCMAb96 were prepared at concentrations of 1 μg/mL and 

5 μg/mL or 1 μg/mL and 10 μg/mL, diluted in a serum-free medium together with the cell 

lines, and dispensed into the upper chamber of the Transwell.  A medium containing 

serum was placed in the lower chamber.  After culturing the antibodies for a certain 

period of time, the number of cells migrated by invading Matrigel was measured. 

As a result, it was confirmed that the invasion ability of the cancer cells was 

reduced in the groups treated with cCMAb45 and cCMAb96 compared to the control IgG 

group (Figs. 8 to 12). 

 

<Example 2: Humanized hCMAb45 and hCMAb96 Antibodies> 

 

Example 2-1: Construction of Humanized Antibody Library 

In order to reduce the immunogenicity of cCMAb45 and cCMAb96, which are anti-

CTHRC1 chimeric antibodies, humanized antibodies, in which the framework region 

(hereinafter referred to as “FR”) holding the CDR region was replaced with that of a 

human, were prepared except for the CDR region, which is the most important part for 

antigen binding. 

A humanized antibody library having various FR regions including the CDR 

regions of cCMAb45 and cCMAb96 was constructed using the CDR grafting technique. 

 

Example 2-2: Selection of Humanized Antibodies and IgG Conversion 

Clones specific for CTHRC1 and having high affinity were selected from the 

humanized antibody library constructed above.  An IgG transient expression test was 

performed on HEK293F cells to purify each of the eight antibodies for 4H5 and 9E6, and 

the purity was confirmed by SDS-PAGE.   

As a result, the productivity of the 4H5 humanized antibody was measured to be 

15 mg/L to 67.3 mg/L, and the productivity of the 9E6 humanized antibody was measured 

to be 3.1 mg/L to 33.3 mg/L (Fig. 13) 
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Example 2-3: Analysis of Affinity of Humanized Antibodies 

Indirect ELISA was performed on the eight candidate clones of 4H5 prepared in 

Example 2-2 for the analysis of affinity.  An immuno-plate was coated with CTHRC1-His, 

and on the next day, the concentrations of the eight humanized candidate antibodies and 

cCMAb45 were diluted stepwise by 1/3 from a maximum concentration of 500 ng/mL and 

added to the plate.  The OD values were measured using the anti-human Fc-HRP as a 

secondary antibody.  The affinity was expressed as KD values.  A low KD value 

indicates high affinity.   

As a result, the KD value of the humanized antibody was measured to be similar 

or lower than that of cCMAb45.  

As a result of analyzing the eight candidate clones of the 9E6 humanized antibody 

in the same manner as above, the KD value of the 9E6 humanized antibody was 

measured to be similar to or slightly higher than that of cCMAb96.  

Specifically, it was confirmed that the affinity of the 4H5 humanized antibody was 

measured to be 0.82×10−10 M to 2.5×10−10 M, and the affinity of the 9E6 humanized 

antibody was measured to be 1.61×10−10 M to 4.8×10−10 M (Fig. 14). 

 

Example 2-4: Efficacy Test of Humanized Antibodies 

In order to test the efficacy of the candidate clones of the 4H5 and 9E6 humanized 

antibodies, a migration assay was performed using the pancreatic cancer cell line Panc-

1.  5 μg/mL of each antibody and 5×104 cells were diluted with a serum-free medium and 

dispensed into the upper chamber of the Transwell.  Then, a medium containing serum 

was placed in the lower chamber to create an environment in which cells can migrate.  

The number of migrated cells was measured by culturing the antibodies for 24 hours, and 

the efficacy of the candidate antibodies was evaluated.  

As a result, it was confirmed that the degree of migration of cancer cells was 

significantly reduced in the groups treated with cCMAb45 and cCMAb96 compared to the 

control IgG (Figs. 4 to 7) 
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As a result, the candidate clones of the 4H5 humanized antibody reduced the cell 

migration ability by 30% to 50% compared to the control IgG, and the candidate clones 

of the 9E6 humanized antibody reduced the cell migration ability by 30% to 40%.  In 

conclusion, it was confirmed that all of the candidates for the 4H5 and 9E6 humanized 

antibodies had efficacy similar to or higher than cCMAb45 and cCMAb96 (Fig. 15). 

 

Example 2-5: Selection of Humanized Antibodies and Re-evaluation of 

Affinity and Efficacy 

Antibodies were selected by evaluating the candidates clones of the 4H5 and 9E6 

humanized antibodies based on three criteria: affinity, efficacy, and yield.  SA2759, 

SA2761, SA2762 and SA2765[A1] were selected for the 4H5 humanized antibody, and 

SA2768, SA2769, and SA2770 were selected for the 9E6 humanized antibody.  

In order to re-evaluate the affinity and efficacy of the antibodies selected based 

on the above criteria, indirect ELISA was used for the evaluation of affinity, and migration 

assay was used for the evaluation of efficacy.  The experimental method is the same as 

described in Examples 2-3 and 2-4. 

As a result, as for the affinity, it was confirmed that the KD values were measured 

to be similar or lower than those of cCMAb45 and cCMAb96, similar to the first 

measurement, and the cell migration ability was also reduced by 30% to 50%.  

Specifically, it was confirmed that the selected 4H5 humanized antibody had an affinity of 

several pM and reduced cell migration ability by 40%, and the 9E6 humanized antibody 

had an affinity of several tens of pM and reduced cell migration ability by 50% (Figs. 16 

and 17).  

Finally, SA2765 was named hCMAb45, and SA2770 was named hCMAb96. 

 

Example 2-6: Analysis of Specificity of hCMAb45 and hCMAb96 

Indirect ELISA was performed to determine whether hCMAb45 and hCMAb96 

specifically bind to CTHRC1.  An immuno-plate was coated with CTHRC1-His and a 

number of non-specific antigens.  On the next day, hCMAb45 and hCMAb96 were 

and SA2765

SA2765
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reacted with antigens at concentrations of 0 μg/mL, 1 μg/mL, and 5 μg/mL, and then OD 

values were measured using the anti-human kappa light chain-HRP as a secondary 

antibody.  

As a result, it was confirmed that hCMAb45 and hCMAb96 specifically bind to 

CTHRC1 (Fig. 18). 

 

Example 2-7: Confirmation of Inhibitory Effect on Migration of Cancer Cells 

In order to verify the therapeutic efficacy of hCMAb45 and hCMAb96, the 

inhibitory effect on the migration of cancer cells was confirmed.  Pancreatic cancer, 

breast cancer, ovarian cancer, bladder cancer, lung cancer, and malignant melanoma 

were used, and the experimental method is the same as that described in Example 1-7.  

As a result, it was confirmed that the migration ability of cancer cells was 

significantly reduced in the groups treated with hCMAb45 and hCMAb96 compared to the 

control IgG (Figs. 19 to 22).  

 

Example 2-8: Confirmation of Inhibitory Effect on Invasion of Cancer Cells 

In the same manner as in the experimental method described in Example 1-8, the 

inhibitory effect on the invasion of cancer cells of hCMAb45 and hCMAb96 was confirmed.  

As a result, the invasion ability of cancer cells was significantly reduced in the 

groups treated with hCMAb45 and hCMAb96 compared to the control IgG (Figs. 23 to 

26). 

 

Example 2-9: Confirmation of in vivo Anticancer Effect in Pancreatic Cancer 

Animal Model 

The inhibitory ability of the hCMAb45 and hCMAb96 humanized antibodies that 

specifically bind to CTHRC1 protein on cancer cell migration and invasion was confirmed 

in vitro through Examples 2-7 and 2-8.  Accordingly, it was confirmed whether the 

anticancer effect was identically observed in vivo.  Specifically, a subcutaneous 

xenograft mouse model was prepared using the pancreatic cancer cell line BxPC-3 
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overexpressing CTHRC1.  1×106 cells were transplanted subcutaneously in the right leg 

of the mice, and after 6 days, mice developed with tumors with a size of 73 mm3 to 77 mm3 

were selected and divided into groups.  The drug was injected into the tail vein, and the 

control IgG and the hCMAb45 and hCMAb96 experimental groups were administered at 

a dose of 10 mg/kg twice a week for a total of 4 weeks, and the size of the tumor was 

measured twice a week using a caliper.  After treatment of the antibodies, and the 

experiment was terminated on day 28 (treatment 8), and the tumor size was compared 

relative to the tumor size of the control IgG.   

As a result, it was confirmed that the size of the tumor in the groups administered 

with hCMAb45 and hCMAb96 was reduced compared to the group administered with the 

control IgG (Fig. 27).  In particular, it was confirmed that the group treated with hCMAb96 

had superior anticancer effect than the group treated with hCMAb45.  

Through the above Examples, the in vivo anticancer effects of the hCMAb45 and 

hCMAb96 humanized antibodies that specifically bind to CTHRC1 were confirmed, and 

their potential as substances delaying or inhibiting tumor growth was verified.  

 

From the foregoing, a skilled person in the art to which the present invention 

pertains will be able to understand that the present invention may be embodied in other 

specific forms without modifying the technical concepts or essential characteristics of the 

present invention.  In this regard, the exemplary embodiments disclosed herein are only 

for illustrative purposes and should not be construed as limiting the scope of the present 

invention.  The scope of the present invention is therefore indicated by the appended 

claims rather than by the foregoing description.  All changes which come within the 

meaning and range of equivalency of the claims are to be embraced within the scope of 

the present invention. 
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[CLAIMS] 

[Claim 1] 

An antibody that specifically binds to collagen triple helix repeat containing-1 

(CTHRC1) protein, which comprises: (a) a heavy chain variable region comprising a 

heavy chain CDR1 of SEQ ID NO: 1 or 11, a heavy chain CDR2 of SEQ ID NO: 2 or 12, 

and a heavy chain CDR3 of SEQ ID NO: 3 or 13; and  

(b) a light chain variable region comprising a light chain CDR1 of SEQ ID NO: 4 

or 14, a light chain CDR2 of SEQ ID NO: 5 or 15, and a light chain CDR3 of SEQ ID NO: 6 

or 16.  

 

[Claim 2] 

The antibody of claim 1, wherein the antibody comprises a heavy chain variable 

region comprising a heavy chain CDR1 of SEQ ID NO: 1, a heavy chain CDR2 of SEQ 

ID NO: 2, and a heavy chain CDR3 of SEQ ID NO: 3; and  

a light chain variable region comprising a light chain CDR1 of SEQ ID NO: 4, a 

light chain CDR2 of SEQ ID NO: 5, and a light chain CDR3 of SEQ ID NO: 6.  

 

[Claim 3] 

The antibody of claim 1, wherein the antibody comprises a heavy chain variable 

region comprising a heavy chain CDR1 of SEQ ID NO: 11, a heavy chain CDR2 of SEQ 

ID NO: 12, and a heavy chain CDR3 of SEQ ID NO: 13; and  

a light chain variable region comprising a light chain CDR1 of SEQ ID NO: 14, a 

light chain CDR2 of SEQ ID NO: 15, and a light chain CDR3 of SEQ ID NO: 16. 

 

[Claim 4] 

The antibody of claim 1, wherein the heavy chain variable region consists of an 

amino acid sequence of SEQ ID NO: 7, 17, 21, or 25, and the light chain variable region 

consists of an amino acid sequence of SEQ ID NO: 9, 19, 23, or 27.  
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[Claim 5] 

A polynucleotide encoding the antibody of any one of claims 1 to 4.  

 

[Claim 6] 

An expression vector comprising the polynucleotide of claim 5.  

 

[Claim 7] 

A host cell comprising the expression vector of claim 6.  

 

[Claim 8] 

A pharmaceutical composition for preventing or treating cancer, comprising the 

antibody of any one of claims 1 to 4.  

 

[Claim 9] 

The composition of claim 8, wherein the cancer is selected from the group 

consisting of pancreatic cancer, ovarian cancer, breast cancer, melanoma, liver cancer, 

gastric cancer, lung cancer, colorectal cancer, oral cancer, cervical cancer, and bladder 

cancer. 

 

[Claim 10] 

A method of providing information for diagnosing cancer, comprising detecting 

CTHRC1 protein in a biological sample isolated from a subject suspected of having 

cancer through an antigen–antibody reaction, using the antibody of any one of claims 1 

to 4.   

 

[Claim 11] 

A method of providing information for predicting prognosis of cancer, comprising 

detecting CTHRC1 protein in a biological sample isolated from a subject suffering from 

cancer through an antigen–antibody reaction, using the antibody of any one of claims 1 



34  

 

to 4.  

 

[Claim 12] 

A composition for diagnosing cancer or predicting prognosis of cancer, comprising 

the antibody of any one of claims 1 to 4.  

 

[Claim 13] 

A kit for diagnosing cancer or predicting prognosis of cancer, comprising the 

composition of claim 12.  

 

[Claim 14] 

A kit for detecting CTHRC1, comprising the antibody of any one of claims 1 to 4.  

 

[Claim 15] 

The kit of claim 14, wherein the kit is in the form of ELISA. 

 

[Claim 16] 

The kit of claim 15, wherein the antibody is a capture antibody. 

 

[Claim 17] 

The kit of claim 15, wherein the ELISA is an indirect ELISA comprising: 

(i) a polyclonal antibody that binds to CTHRC1;  

(ii) a capture antibody in the form of the antibody of any one of claims 1 to 4; and 

(iii) an antibody bound to a detection-labeled IgG Fc. 

 

[Claim 18] 

A method for detecting CTHRC1 protein in a sample, comprising detecting an 

CTHRC1 antigen–antibody complex using the antibody of any one of claims 1 to 4. 


