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DESCRIPTION 

 

ANTI-PD-L1 ANTIBODY FOR DETECTING PD-L1 

 

TECHNICAL FIELD 

 The present invention relates to an anti-PD-L1 antibody for detecting PD-L1. 

 

BACKGROUND ART 

Malignant melanoma originating from melanocytes is one of the most commonly 

observed malignant tumors in the canine oral cavity (Non-Patent Document No. 1: Todoroff 

et al., J Am Vet Med Assoc. 1979 Sep 15; 175(6):567-71).  Since this type of melanoma 

generally tends to be highly invasive and metastatic, early diagnosis and treatment are 

desired.  On the other hand, malignant melanoma has a wide tissue variation, presenting 

various morphologies such as epithelial-like, round cell-like or fibrosarcoma-like 

morphology.  Thus, malignant melanoma is one of those tumors which involve difficulty in 

tissue diagnosis.  Although confirmation of melanin pigment is important for their diagnosis, 

a large number of malignant melanomas do not have melanin pigment and, sometimes, 

diagnosis cannot be made with histological observations alone.  This has led to searches for 

diagnostic markers that can be used in immunohistochemical techniques.  Among such 

markers, Melan A/MART-1, vimentin, S100, neuron-specific enolase and the like have been 

reported to be useful (Non-Patent Document No. 2: Ramos-Vara et al., Vet Pathol. 2000 Nov; 

37(6):597-608).  However, even Melan A/MART-1, the most widely used diagnostic marker, 

has a positive rate not higher than about 60% which varies among reports (Non-Patent 

Document No. 3: Koenig et al., Vet Pathol. 2001 Jul; 38(4):427-35).  Because of this 

sensitivity problem, the utility of Melan A/MART-1 in actual diagnosis is still arguable.  

Further, Melan A/MART-1 is not stained in amelanotic melanoma (Non-Patent Document 

No. 3: Koenig et al., Vet Pathol. 2001 Jul; 38(4):427-35), so its application to diagnosis is 

limited.  Under these circumstances, it is desired to develop highly sensitive, novel diagnostic 

markers to malignant melanoma. 
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Non-Patent Document No. 2: Ramos-Vara et al., Vet Pathol. 2000 Nov; 37(6):597-608 

Non-Patent Document No. 3: Koenig et al., Vet Pathol. 2001 Jul; 38(4):427-35 

 

DISCLOSURE OF THE INVENTION 

PROBLEM FOR SOLUTION BY THE INVENTION 

 It is an object of the present invention to provide a PD-L1 antibody capable of 

staining tumor cells such as melanoma cells. 

MEANS TO SOLVE THE PROBLEM  

 The present inventors have established a number of monoclonal antibodies which 

react with the PD-L1 protein of various animals.  It has been revealed that, among those 

monoclonal antibodies, a rat anti-bovine PD-L1 monoclonal antibody (6C11-3A11) is 

capable of staining melanoma tumor cells very strongly.  Currently, this monoclonal antibody 

is used for selecting candidate dogs for therapy with chimeric antibodies.  The subject PD-L1 

antibody (6C11-3A11) is also capable of immunohistochemically staining ovine, porcine and 

bovine PD-L1 proteins.  Further, the present inventors have determined the CDRs 

(complementarity-determining regions) of the variable regions of the subject PD-L1 antibody 

(6C11-3A11).  The present invention has been achieved based on these findings. 

 A summary of the present invention is as described below. 

(1)  An anti-PD-L1 antibody comprising (a) a light chain comprising CDR1 having the amino 

acid sequence of KSISKY (SEQ ID NO: 1), CDR2 having the amino acid sequence of 

SGS and CDR3 having the amino acid sequence of QQHNEYPLT (SEQ ID NO: 2) and 

(b) a heavy chain comprising CDR1 having the amino acid sequence of GYTFTDYI 

(SEQ ID NO: 3), CDR2 having the amino acid sequence of INPDSGGN (SEQ ID NO: 

4) and CDR3 having the amino acid sequence of  ARGITMMVVISHWKFDF (SEQ ID 

NO: 5). 

(2)  The antibody of (1) above, which is derived from rat. 

(3)  The antibody of (2) above, which is a rat anti-bovine PD-L1 antibody. 

(4)  The antibody of (3) above, wherein the light chain variable region has the amino acid 

sequence as shown in SEQ ID NO. 6 and the heavy chain variable region has the amino 

acid sequence as shown in SEQ ID NO: 7. 

(5)  The antibody of any one of (1) to (4) above, wherein the light chain constant region has 

the amino acid sequence of the constant region of kappa chain. 

(6)  The antibody of any one of (1) to (5) above, wherein the heavy chain constant region has 

the amino acid sequence of the constant region of IgG2a. 
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(7)  The antibody of (5) or (6) above, wherein the light chain constant region has the amino 

acid sequence as shown in any one of SEQ ID NOS: 8, 10 to 12 and the heavy chain 

constant region has the amino acid sequence as shown in SEQ ID NO: 9 or 13. 

(8)  The antibody of any one of (1) to (7) above which has a four-chain structure comprising 

two light chains and two heavy chains. 

(9)   A composition for detecting PD-L1, comprising the antibody of any one of (1) to (8) 

above as an active ingredient. 

(10)  The composition of (9) above for use in diagnosis of cancers and/or inflammations. 

(11)  The composition of (10) above, wherein the cancers and/or inflammations are selected 

from the group consisting of neoplastic diseases, leukemia, Johne's disease, 

anaplasmosis, bacterial mastitis, mycotic mastitis, mycoplasma infections (such as 

mycoplasma mastitis, mycoplasma pneumonia or the like), tuberculosis, Theileria 

orientalis infection, cryptosporidiosis, coccidiosis, trypanosomiasis and leishmaniasis. 

(12)  The composition of (9) above for use in selecting subject animals suitable for therapy 

with anti-PD-L1 antibodies.  

(13)  A DNA encoding the anti-PD-L1 antibody of (1) above. 

(14)  A vector comprising the DNA of (13) above. 

(15)  A host cell transformed with the vector of (14) above. 

(16)  A method of preparing an antibody, comprising culturing the host cell of (15) above and 

collecting an anti-PD-L1 antibody from the resultant culture. 

(17)  A DNA encoding the light chain of an anti-PD-L1 antibody, said light chain comprising 

CDR1 having the amino acid sequence of KSISKY (SEQ ID NO: 1), CDR2 having the 

amino acid sequence of SGS and CDR3 having the amino acid sequence of 

QQHNEYPLT (SEQ ID NO: 2). 

(18)  A DNA encoding the heavy chain of an anti-PD-L1 antibody, said heavy chain 

comprising CDR1 having the amino acid sequence of GYTFTDYI (SEQ ID NO: 3), 

CDR2 having the amino acid sequence of INPDSGGN (SEQ ID NO: 4) and CDR3 

having the amino acid sequence of ARGITMMVVISHWKFDF (SEQ ID NO: 5). 

 

EFFECT OF THE INVENTION 

 According to the present invention, a novel anti-PD-L1 antibody capable of staining 

tumor cells, such as melanoma cells, has been obtained. 

 The present specification encompasses the contents disclosed in the specification 

and/or the drawings of Japanese Patent Application No. 2017-61389 based on which the 
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present patent application claims priority. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[Fig. 1]  Binding specificity of rat anti-bovine PD-L1 antibody 6C11-3A11.  Rat 

anti-bovine PD-L1 antibody 6C11-3A11 did not bind to EGFP expressing cells, but 

specifically bound to canine PD-L1-EGFP expressing cells. 

 [Fig. 2]  Predicted CDR regions of rat anti-bovine PD-L1 antibody 6C11-3A11.  

The regions of CDR1, CDR2 and CDR3 in the light chain variable region and the heavy 

chain variable region of rat anti-bovine PD-L1 antibody 6C11-3A11 are shown. 

[Fig. 3]  Comparative immunohistochemical staining images of canine melanoma.  

Left: stained with a commercial antibody (MelanA antibody).  Tumor cells were stained very 

weakly.  Right: stained with the PD-L1 antibody 6C11-3A11 established by the present 

inventors.  Tumor cells were stained very strongly. 

[Fig. 4]  Immunohistochemical staining image of canine melanoma.   

[Fig. 5-1]  Immunohistochemical staining images of other tumors.  Upper left: case 

of canine lymphoma.  Upper right: case of canine osteosarcoma.  Lower left: case 1 of canine 

renal cell carcinoma.  Lower right: case 2 of canine renal cell carcinoma.  

[Fig. 5-2]  Immunohistochemical staining images of other tumors.  Left: case of 

canine squamous cell carcinoma.  Right: case of canine fibrosarcoma. 

[Fig. 6]  Immunohistochemical staining image of a case of ovine listeriosis.  Left: 

PD-L1 staining image of a brain lesion of ovine listeriosis exhibiting neurologic symptoms.  

Right: enlarged photograph of the left image. 

[Fig. 7]  Immunohistochemical staining images of porcine infections.  Left: case of 

porcine circovirus type 2 infection.  Right: case of porcine mycoplasma pneumonia. 

[Fig. 8]  Alignment of amino acid sequences of the constant region of rat Ig kappa 

chain (light chain). 

[Fig. 9]  Alignment of amino acid sequences of the constant region of rat IgG2a 

chain (heavy chain). 

[Fig. 10]  Schematic drawing of pDC6 vector and a rat-human chimeric anti-PD-L1 

antibody. 

[Fig. 11]  Binding of rat anti-bovine PD-L1 antibodies 6C11-3A11 and 6G7-E1 to 

canine PD-L1-EGFP expressing cells.  6C11-3A11 specifically bound to canine PD-L1-EGFP 

expressing cells. 

[Fig. 12]  Immunohistochemical staining images of skin squamous cell carcinoma, 
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nasal adenocarcinoma and transitional cell carcinoma in dogs.  No specific signals were 

detected with 6G7-E1.  Tumor cells were stained with 6C11-3A11. 

[Fig. 13]  Immunohistochemical staining images of anal sac gland carcinoma, soft 

tissue sarcoma and osteosarcoma in dogs.  In anal sac gland carcinoma and soft tissue 

sarcoma, no specific signals were detected with 6G7-E1, but tumor cells were stained with 

6C11-3A11.  In osteosarcoma, both antibodies stained tumor cells, but stronger signals were 

obtained with 6C11-3A11.   

[Fig. 14]  Immunohistochemical staining images of oral malignant melanoma, 

mammary adenocarcinoma, histiocytic sarcoma, diffuse large B-cell lymphoma and 

transmissible venereal tumor in dogs using 6C11-3A11.  In the tumor species other than 

transmissible venereal tumor, PD-L1 on tumor cells was stained. 

[Fig. 15]  Binding of rat anti-bovine PD-L1 antibody 6C11-3A11 to bovine PD-L1-

EGFP expressing cells.  6C11-3A11 specifically bound to bovine PD-L1-EGFP expressing 

cells.  

[Fig. 16]  Immunohistochemical staining images of ileal lesions of cattle naturally 

and experimentally infected with Mycobacterium avium subsp. paratuberculosis, using (a) 

6C11-3A11 and (b) Ziehl-Neelsen staining.  6C11-3A11 detected PD-L1 expression in cells 

infected with M. avium subsp. paratuberculosis (positive in Ziehl-Neelsen staining). 

 

BEST MODES FOR CARRYING OUT THE INVENTION 

 Hereinbelow, the present invention will be described in detail.   

 The present invention provides an anti-PD-L1 antibody comprising (a) a light chain 

comprising CDR1 having the amino acid sequence of KSISKY (SEQ ID NO: 1), CDR2 

having the amino acid sequence of SGS and CDR3 having the amino acid sequence of 

QQHNEYPLT (SEQ ID NO: 2) and (b) a heavy chain comprising CDR1 having the amino 

acid sequence of GYTFTDYI (SEQ ID NO: 3), CDR2 having the amino acid sequence of 

INPDSGGN (SEQ ID NO: 4) and CDR3 having the amino acid sequence of  

ARGITMMVVISHWKFDF (SEQ ID NO: 5). 

 CDR1, CDR2 and CDR3 in the light chain variable region (VL) of rat anti-bovine 

PD-L1 antibody 6C11-3A11 (monoclonal antibody) established by the present inventors are a 

region consisting of the amino acid sequence of KSISKY (SEQ ID NO: 1), a region 

consisting of the amino acid sequence of SGS and a region consisting of the amino acid 

sequence of QQHNEYPLT (SEQ ID NO: 2), respectively (see Fig. 2). 

 Further, CDR1, CDR2 and CDR3 in the heavy chain variable region (VH) of rat anti-
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bovine PD-L1 antibody 6C11-3A11 are a region consisting of the amino acid sequence of 

GYTFTDYI (SEQ ID NO: 3), a region consisting of the amino acid sequence of INPDSGGN    

(SEQ ID NO: 4) and a region consisting of the amino acid sequence of 

ARGITMMVVISHWKFDF (SEQ ID NO: 5), respectively (see Fig. 2). 

 In the amino acid sequences of KSISKY (SEQ ID NO: 1), SGS and QQHNEYPLT 

(SEQ ID NO: 2), as well as the amino acid sequences of GYTFTDYI (SEQ ID NO: 3), 

INPDSGGN (SEQ ID NO: 4) and ARGITMMVVISHWKFDF (SEQ ID NO: 5), one, two, 

three, four or five amino acids may be deleted, substituted or added.  Even when such 

mutations have been introduced, the resulting amino acid sequences are capable of having the 

function as CDR of VL or CDR of VH of the PD-L1 antibody.  

 As used herein, the term “antibody” is a concept encompassing not only full-length 

antibodies but also antibodies of smaller molecular sizes such as Fab, F(ab)’2, ScFv, Diabody, 

VH, VL, Sc(Fv)2, Bispecific sc(Fv)2, Minibody, scFv-Fc monomer and scFv-Fc dimer. 

 The anti-PD-L1 antibody of the present invention may be derived from rat.  For 

example, the anti-PD-L1 antibody may be a rat anti-bovine PD-L1 antibody.  

 The amino acid sequence of the VL and the amino acid sequence of the VH of rat 

anti-bovine PD-L1 antibody 6C11-3A11 (monoclonal antibody) are shown in SEQ ID NOS: 

6 and 7, respectively.  The amino acid sequences as shown in SEQ ID NOS: 6 and 7 may 

have deletion(s), substitution(s) or addition(s) of one or several (e.g., up to five, about 10 at 

the most) amino acids.  Even when such mutations have been introduced, the resulting amino 

acid sequences are capable of having the function as VL or VH of the PD-L1 antibody.  

 There are two types of immunoglobulin light chain, which are called Kappa chain (κ) 

and Lambda chain (λ).  In the anti-PD-L1 antibody of the present invention, the light chain 

constant region (CL) may have the amino acid sequence of the constant region of either 

Kappa chain or Lambda chain.  However, the relative abundance of Lambda chain is higher 

in ovine, feline, canine and equine, and that of Kappa chain is higher in mouse, rat, human 

and porcine.  Rat anti-bovine PD-L1 antibody 6C11-3A11 (monoclonal antibody) is a rat-

derived IgG2a, and the CL thereof has the amino acid sequence of the constant region of 

Kappa chain. 

 The heavy chain constant region (CH) of the anti-PD-L1 antibody of the present 

invention may have the amino acid sequence of the constant region of rat IgG2a.  

Immunoglobulin heavy chain is classified into γ chain, μ chain, α chain, δ chain and ε chain 

depending on the difference in constant region.  According to the type of heavy chain present, 

five classes (isotypes) of immunoglobulin are formed; they are IgG, IgM, IgA, IgD and IgE. 
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 Immunoglobulin G (IgG) accounts for 70-75% of human immunoglobulins and is the 

most abundantly found monomeric antibody in plasma.  IgG has a four-chain structure 

consisting of two light chains and two heavy chains.  Human IgG1, IgG2 and IgG4 have 

molecular weights of about 146,000, whereas human IgG3 has a long hinge region that 

connects Fab region and Fc region and has a larger molecular weight of 170,000.  Human 

IgG1 accounts for about 65%, human IgG2 about 25%, human IgG3 about 7%, and human 

IgG4 about 3% of human IgG.  They are uniformly distributed inside and outside of blood 

vessels.  Having a strong affinity for Fc receptors and complement factors on effector cell 

surfaces, human IgG1 induces antibody-dependent cell cytotoxicity (ADCC) and also 

activates complements to induce complement-dependent cell cytotoxicity (CDC).  Human 

IgG2 and IgG4 are low at ADCC and CDC activities because their affinity for Fc receptors 

and complement factors is low. 

Immunoglobulin M (IgM), which accounts for about 10% of human 

immunoglobulins, is a pentameric antibody consisting of five basic four-chain structures 

joined together.  It has a molecular weight of 970,000.  Usually occurring only in blood, IgM 

is produced against infectious microorganisms and takes charge of early stage immunity. 

 Immunoglobulin A (IgA) accounts for 10-15% of human immunoglobulins.  It has a 

molecular weight of 160,000.  Secreted IgA is a dimeric antibody consisting of two IgA 

molecules joined together.  IgA1 is found in serum, nasal discharge, saliva and breast milk.  

In intestinal juice, IgA2 is found abundantly. 

 Immunoglobulin D (IgD) is a monomeric antibody accounting for no more than 1% of 

human immunoglobulins.  IgD is found on B cell surfaces and involved in induction of 

antibody production. 

 Immunoglobulin E (IgE) is a monomeric antibody that occurs in an extremely small 

amount, accounting for only 0.001% or less of human immunoglobulins.   Immunoglobulin E 

is considered to be involved in immune response to parasites but in advanced countries where 

parasites are rare, IgE is largely involved in bronchial asthma and allergy among other things. 

 With respect to rat, sequences of IgG1, IgG2a, IgG2b and IgG2c have been identified 

as the heavy chain of IgG.  Rat anti-bovine PD-L1 antibody 6C11-3A11 has the amino acid 

sequence of the CH of IgG2a. 

In the antibody of the present invention, it is more preferable that the CL has the 

amino acid sequence of the constant region of Kappa chain and that the CH has the amino 

acid sequence of the constant region of IgG2a. 

The amino acid sequence and the nucleotide sequence of the VL of rat anti-bovine 
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PD-L1 antibody 6C11-3A11 identified by the present inventors are shown in SEQ ID NOS: 6 

and 14, respectively.  

 The amino acid sequence and the nucleotide sequence of the VH of rat anti-bovine 

PD-L1 antibody 6C11-3A11 identified by the present inventors are shown in SEQ ID NOS: 7 

and 15, respectively.  

The amino acid sequence and the nucleotide sequence of the CL (Kappa chain) of rat 

anti-bovine PD-L1 antibody 6C11-3A11 identified by the present inventors are shown in SEQ 

ID NOS: 8 and 16, respectively.  These sequences are identical with the sequences registered 

at GenBank (a nucleotide sequence database provided by National Center for Biotechnology 

Information (NCBI)) under accession numbers #XM_008775358.2, #BC062802.1, 

#BC088255.1, #L22653.1, #L22655.1 and #M14434.1. 

The amino acid sequence and the nucleotide sequence of the CH (IgG2a) of rat anti-

bovine PD-L1 antibody 6C11-3A11 identified by the present inventors are shown in SEQ ID 

NOS: 9 and 17, respectively.  These sequences are identical with the sequences registered at 

GenBank under accession numbers #BC088240.1, #BC091257.1, #BC091272.1, 

#BC088423.1, #L22652.1 and #L22654.1.   

Amino acid sequences and nucleotide sequences of CLs and CHs for rat antibodies 

other than the above may be obtained from known databases for use in the present invention. 

As an amino acid sequence and a nucleotide sequence of rat Ig Kappa chain, the 

sequence registered at GenBank under accession number #V01241.1 is shown in SEQ ID 

NOS: 10 and 18. 

As an amino acid sequence and a nucleotide sequence of rat Ig Kappa chain, the 

sequence registered at GenBank under accession number #X16129.1 is shown in SEQ ID 

NOS: 11 and 19. 

As an amino acid sequence and a nucleotide sequence of rat Ig Kappa chain, the 

sequence registered at GenBank under accession number #DQ402471.1 is shown in SEQ ID 

NOS: 12 and 20. 

As the CH of rat IgG2a, the sequence registered at GenBank under accession number 

#DQ402472.1 is shown in SEQ ID NOS: 13 and 21. 

The anti-PD-L1 antibody of the present invention may be an anti-PD-L1 antibody in 

which the CL has the amino acid sequence as shown in any one of SEQ ID NOS: 8 and 10 to 

12 and the CH has the amino acid sequence as shown in SEQ ID NO: 9 or 13. 

 The amino acid sequences as shown in SEQ ID NOS: 8 to 13 may have deletion(s), 

substitution(s) or addition(s) of one or several (e.g., up to five, about 10 at the most) amino 
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acids.  Even when such mutations have been introduced, the resulting amino acid sequences 

are capable of having the function as CL or CH of the PD-L1 antibody.  

Alignments of amino acid sequences of the CL and the CH of a rat anti-PD-L1 

antibody are shown in Fig. 8 and Fig. 9, respectively.  The above-described mutations such as 

deletion, substitution or addition of amino acids may suitably have occurred at the mutation 

sites as shown in Figs. 8 and 9 or at the vicinity thereof. 

The anti-PD-L1 antibody of the present invention may be a chimeric antibody.  The 

VL and the VH of the antibody may be suitably derived from rat.  For example, the VL may 

be the VL of a rat anti-PD-L1 antibody (e.g., 6C11-3A11); the VH may be the VH of a rat 

anti-PD-L1 antibody; and the CL and the CH may be derived from an animal other than rat.  

For example, when a rat antibody is chimerized using the constant regions of a mouse 

antibody, the resulting chimeric antibody will be useful for testing and diagnosis because 

various secondary antibodies to mouse antibodies are commercially available.  Amino acid 

sequences and nucleotide sequences of the CLs and the CHs of antibodies of animals other 

than rat may be obtained from known databases for use in the present invention. 

 Amino acid sequences and nucleotide sequences of CLs and CHs for human, mouse, 

bovine, canine, ovine, porcine and water buffalo are summarized in the table below. 
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 The amino acid sequences as shown in SEQ ID NOS: 8 to13, 28, 30, 32, 34, 36, 38, 

40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 

90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120 and 122 may have 

deletion(s), substitution(s) or addition(s) of one or several (e.g., up to five, about 10 at the 

most) amino acids.  Even when such mutations have been introduced, the resulting amino 

acid sequences are capable of having the function as the constant region of Ig heavy chain or 

light chain. 
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 The anti-PD-L1 antibody of the present invention may have a four-chain structure 

comprising two light chains and two heavy chains. 

 The anti-PD-L1 antibody of the present invention may be prepared as described 

below.  Briefly, an artificial gene is synthesized which comprises the light chain sequence 

(variable region sequence and constant region sequence) and the heavy chain sequence 

(variable region sequence and constant region sequence) of the anti-PD-L1 antibody of the 

present invention.  The resultant gene is inserted into a vector (e.g., plasmid), which is then 

introduced into a host cell (e.g., mammal cell such as CHO cell).  The host cell is cultured, 

and the antibody of interest is collected from the resultant culture.  In the synthesis of the 

artificial gene, codons of the nucleotide sequence may be optimized. 

The present invention provides a DNA encoding an anti-PD-L1 antibody comprising 

(a) a light chain comprising CDR1 having the amino acid sequence of KSISKY (SEQ ID NO: 

1), CDR2 having the amino acid sequence of SGS and CDR3 having the amino acid 

sequence of QQHNEYPLT (SEQ ID NO: 2) and (b) a heavy chain comprising CDR1 having 

the amino acid sequence of GYTFTDYI (SEQ ID NO: 3), CDR2 having the amino acid 

sequence of INPDSGGN (SEQ ID NO: 4) and CDR3 having the amino acid sequence of  

ARGITMMVVISHWKFDF (SEQ ID NO: 5).  The present invention also provides a DNA 

encoding a light chain of an anti-PD-L1 antibody comprising CDR1 having the amino acid 

sequence of KSISKY (SEQ ID NO: 1), CDR2 having the amino acid sequence of SGS and 

CDR3 having the amino acid sequence of QQHNEYPLT (SEQ ID NO: 2) (the DNA of (a’)).  

Further, the present invention provides a DNA encoding a heavy chain of an anti-PD-L1 

antibody comprising CDR1 having the amino acid sequence of GYTFTDYI (SEQ ID NO: 3), 

CDR2 having the amino acid sequence of INPDSGGN (SEQ ID NO: 4) and CDR3 having 

the amino acid sequence of ARGITMMVVISHWKFDF (SEQ ID NO: 5) (the DNA of (b’)). 

For (a) a light chain comprising CDR1 having the amino acid sequence of KSISKY 

(SEQ ID NO: 1), CDR2 having the amino acid sequence of SGS and CDR3 having the amino 

acid sequence of QQHNEYPLT (SEQ ID NO: 2) and (b) a heavy chain comprising CDR1 

having the amino acid sequence of GYTFTDYI (SEQ ID NO: 3), CDR2 having the amino 

acid sequence of INPDSGGN (SEQ ID NO: 4) and CDR3 having the amino acid sequence of  

ARGITMMVVISHWKFDF (SEQ ID NO: 5), reference should be had to the  foregoing 

description.  A DNA comprising the DNA of (a’) and the DNA of (‘b) may be synthesized on 

commercial synthesizer.  Restriction enzyme recognition sites, KOZAK sequences, poly-A 

addition signal sequences, promoter sequences, intron sequences or the like may be added to 

this DNA. 
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The present invention also provides a vector comprising the above-mentioned DNA 

encoding an anti-PD-L1 antibody. 

 As the vector, Escherichia coli-derived plasmids (e.g., pBR322, pBR325, pUC12 or 

pUC13); Bacillus subtilis-derived plasmids (e.g., pUB110, pTP5 or pC194), yeast-derived 

plasmids (e.g., pSH19 or pSH15); bacteriophages such as λ phage; animal viruses such as 

retrovirus or vaccinia virus; or insect pathogen viruses such as baculovirus may be used.  In 

the Examples described later, pDC6 (Japanese Patent No. 5704753, US Patent 9096878, EU 

Patent 2385115, Hong Kong (China) patent HK1163739 and Australia Patent 2009331326) is 

used. 

 The vector may also comprise promoters, enhancers, splicing signals, poly-A addition 

signals, intron sequences, selection markers, SV40 replication origins, and so forth. 

 The present invention also provides a host cell transformed by the above vector.  It is 

possible to prepare the anti-PD-L1 antibody of the invention by culturing the host cell and 

collecting the antibody of interest from the resultant culture.  Therefore, the present invention 

also provides a method of preparing an antibody, comprising culturing the above-described 

host cell and collecting the anti-PD-L1 antibody of the invention from the culture.  In the 

method of the present invention for preparing an antibody, a vector incorporating a DNA 

comprising a DNA encoding the light chain and a DNA encoding the heavy chain may be 

transfected into a host cell.  Alternatively, a vector incorporating a DNA encoding the light 

chain and a vector incorporating a DNA encoding the heavy chain may be co-transfected into 

a host cell.   

Examples of the host cell include, but are not limited to, bacterial cells (such as 

Escherichia bacteria, Bacillus bacteria or Bacillus subtilis), fungal cells (such as yeast or 

Aspergillus), insect cells (such as S2 cells or Sf cells), animal cells (such as CHO cells, COS 

cells, HeLa cells, C127 cells, 3T3 cells, BHK cells or HEK 293 cells) and plant cells.  Among 

these, CHO-DG44 cell (CHO-DG44(dfhr
-
/
-
)) which is a dihydrofolate reductase deficient cell 

is preferable. 

 Introduction of a recombinant vector into a host cell may be performed by the 

methods disclosed in Molecular Cloning 2nd Edition, J. Sambrook et al., Cold Spring Harbor 

Lab. Press, 1989 (e.g., the calcium phosphate method, the DEAE-dextran method, 

transfection, microinjection, lipofection, electroporation, transduction, scrape loading, the 

shotgun method, etc.) or by infection. 

 The resultant transformant may be cultured in a medium, followed by collection of the 

anti-PD-L1 antibody of the present invention from the culture.  When the antibody is secreted 
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into the medium, the medium may be recovered, followed by isolation and purification of the 

antibody from the medium.  When the antibody is produced within the transformed cells, the 

cells may be lysed, followed by isolation and purification of the antibody from the cell lysate.  

 Examples of the medium include, but are not limited to, OptiCHO medium, Dynamis 

medium, CD CHO medium, ActiCHO medium, FortiCHO medium, Ex-Cell CD CHO 

medium, BalanCD CHO medium, ProCHO 5 medium and Cellvento CHO-100 medium. 

 The pH of the medium varies depending on the cell to be cultured.  Generally, a pH 

range from 6.8 to 7.6 is used; mostly, a pH range from 7.0 to 7.4 is appropriate.  

 When the cell to be cultured is CHO cells, culture may be performed by methods 

known to those skilled in the art.  For example, it is usually possible to perform culturing in a 

gas-phase atmosphere having a CO2 concentration of 0-40%, preferably 2-10%, at 30-39°C, 

preferably around 37°C.   

 The appropriate period of culture is usually from one day to three months, preferably 

from one day to three weeks. 

 Isolation and purification of the antibody may be performed by known methods.  

Known isolation/purification methods which may be used in the present invention include, 

but are not limited to, methods using difference in solubility (such as salting-out or solvent 

precipitation); methods using difference in molecular weight (such as dialysis, ultrafiltration, 

gel filtration or SDS-polyacrylamide gel electrophoresis); methods using difference in 

electric charge (such as ion exchange chromatography); methods using specific affinity (such 

as affinity chromatography); methods using difference in hydrophobicity (such as reversed 

phase high performance liquid chromatography); and methods using difference in isoelectric 

point (such as isoelectric focusing). 

 It is also possible to prepare the anti-PD-L1 antibody of the present invention by 

culturing a hybridoma which may be prepared by the method disclosed in the literature 

(Ikebuchi R, Konnai S, Okagawa T, Yokoyama K, Nakajima C, Suzuki Y, Murata S, Ohashi 

K, Immunology. 2014 Aug;142(4):551-61).  A hybridoma producing anti-PD-L1 antibody 

6C11-3A11 is stored at the laboratory of the present inventors (Laboratory of Infectious 

Diseases, Department of Disease Control, Faculty of Veterinary Medicine, Hokkaido 

University). 

 The PD-L1 antibody of the present invention may be used for detecting PD-L1.  

Therefore, the present invention provides a composition for detecting PD-L1, comprising the 

PD-L1 antibody as an active ingredient.   

 Detection of PD-L1 may be performed by such methods including, but are not limited 
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to, immunohistochemical staining, immunocytochemical staining, flow cytometry, enzyme 

linked immunosorbent assay (ELISA) and Western blotting. 

 Analytes for detection may be exemplified by samples such as tissues or body fluids 

taken from organisms (e.g., blood (whole blood, plasma, serum, or specific cell such as 

erythrocyte, leukocyte or lymphocyte), urine, saliva, etc.); cell culture; and cultured cells 

(established cell lines, primary cultured cells, subcultured cells, etc.).   The source of such 

analytes is not particularly limited.  Examples include rat, canine, ovine, goat, porcine, feline, 

human, equine, bovine, water buffalo, yak, rabbit, mouse, hamster, and guinea pig.   

 The PD-L1 antibody of the present invention may be labeled with radioisotopes, 

enzymes, luminescent substances, fluorescent substances, biotin, or the like.   If reaction with 

a primary antibody (the anti-PD-L1 antibody of the present invention) which specifically 

binds to a target molecule (PD-L1) is followed by reaction with a secondary antibody which 

binds to the primary antibody so as to detect the target molecule, it is suitable to label the 

secondary antibody. 

 Since PD-L1 is strongly expressed in cancer cells and virus-infected cells, the 

composition of the present invention may be used for diagnosis of cancers and/or infections.  

Usually, the amount (concentration) of PD-L1 in an analyte is determined based on the 

amount (concentration) of the complex of PD-L1 and anti-PD-L1 antibody.  When the 

amount (concentration) of PD-L1 in the analyte is high compared to negative control (e.g., 

healthy surrounding tissue (connecting tissue, blood vessels, etc.)), the analyte may be 

diagnosed as suffering cancer and/or infection.   Alternatively, if PD-L1 is detected in the 

analyte, the analyte may be diagnosed as suffering cancer and/or infection. 

 Examples of cancers and/or infections include, but are not limited to, neoplastic 

diseases (e.g., malignant melanoma, lung cancer, gastric cancer, renal cancer, breast cancer, 

bladder cancer, esophageal cancer, ovarian cancer and the like), leukemia, Johne's disease, 

anaplasmosis, bacterial mastitis, mycotic mastitis, mycoplasma infections (such as 

mycoplasma mastitis,  mycoplasma pneumonia or the like), tuberculosis, Theileria orientalis 

infection, cryptosporidiosis, coccidiosis, trypanosomiasis and leishmaniasis. 

 The composition of the present invention can be used to select subject animals 

suitable for therapy using an anti-PD-L1 antibody.  For example, animals satisfying the 

following two points may be considered as candidate animals. 

1.  A case diagnosed as suffering cancer (such as melanoma) or infection in pathological 

examination 

2.  A case found positive for anti-PD-L1 antibody 
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Negative control may be healthy surrounding tissue (connecting tissue, blood 

vessels, etc.), and positive control may be a case of cancer (such as melanoma) or infection.  

Basically, animals with a tumor which is positive in immunohistochemical staining of almost 

all regions may be subjected to clinical trial. 

 Subject animals are not particularly limited and may include rat, canine, ovine, goat, 

porcine, feline, human, equine, bovine, water buffalo, yak, rabbit, mouse, hamster, and guinea 

pig. 

 The composition of the present invention may further comprise reagents for detecting 

labels, diluents, lavage fluids, written instructions describing criteria for diagnosis/selection, 

and so on. 

 

EXAMPLES 

 Hereinbelow, the present invention will be described in more detail with reference to 

the following Examples.  However, the present invention is not limited to these Examples. 

[Example 1]   

1.  Introduction 

 Programmed cell death 1 (PD-1), an immunoinhibitory receptor, and its ligand 

programmed cell death ligand 1 (PD-L1) are molecules identified by Prof. Tasuku Honjo et 

al., Kyoto University, as factors which inhibit excessive immune response and are deeply 

involved in immunotolerance.  Recently, it has been elucidated that these molecules are also 

involved in immunosuppression in infections and tumors in various animals.  In the subject 

Example, an anti-bovine PD-L1 monoclonal antibody was prepared by immunizing rats, and 

then a clone (6C11-3A11) capable of detecting canine PD-L1 was selected.  Further, the 

present inventors performed immunohistochemical staining to examine whether or not this 

anti-bovine PD-L1 antibody 6C11-3A11 would be useful for detecting PD-L1 in canine 

malignant tumors (such as melanoma) and porcine/ovine infections. 

 

2.  Materials and Methods 

2.1  Rat Anti-Bovine PD-L1 Monoclonal Antibody Producing Cells 

 The nucleotide sequence of bovine PD-L1 was identified (Ikebuchi R, Konnai S, 

Shirai T, Sunden Y, Murata S, Onuma M, Ohashi K. Vet Res. 2011 Sep 26;42:103).  Based on 

the sequence information, a recombinant bovine PD-L1 was prepared.  Rat was immunized in 

the footpad with this recombinant protein, and hybridomas were established by the iliac 

lymph node method.  As a result, a plurality of hybridomas producing rat anti-bovine PD-L1 
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monoclonal antibodies were obtained (Ikebuchi R, Konnai S, Okagawa T, Yokoyama K, 

Nakajima C, Suzuki Y, Murata S, Ohashi K. Immunology 2014 Aug.; 142(4):551-561).  Rat 

anti-bovine PD-L1 antibody 6C11-3A11 is one of the monoclonal antibodies established from 

the above-described immunized rat. 

 

2.2  Identification of Full-Length Canine PD-L1 Gene 

To determine the full length of canine PD-L1 cDNA, PCR primers were first 

designed based on the putative nucleotide sequence of canine PD-L1 already registered at 

The National Center for Biotechnology Information (NCBI) (GenBank accession number; 

XM_541302).  Briefly, primers to amplify the inner sequence of the open reading frame 

(ORF) of this gene were designed (cPD-1 inner F and R), and PCR was performed.  For the 

amplified products, nucleotide sequences were determined with a capillary sequencer 

according to conventional methods.  Further, to determine the nucleotide sequence of full-

length PD-L1 cDNA, primers (cPD-L1 5′ GSP and 3′GSP) were designed based on the canine 

PD-L1 cDNA sequences determined above.  5′-RACE and 3′-RACE were then performed 

using, respectively, the 5′-RACE system for rapid amplification of cDNA ends and 3′-RACE 

system for rapid amplification of cDNA ends (Invitrogen).  The resultant gene fragments of 

interest were sequenced as described above (Maekawa N, Konnai S, Ikebuchi R, Okagawa T, 

Adachi M, Takagi S, Kagawa Y, Nakajima C, Suzuki Y, Murata S, Ohashi K. PLoS One. 

2014 Jun 10;9(6):e98415). 

Primer (cPD-L1 inner F): ATGAGAATGTTTAGTGTCTT (SEQ ID NO: 22) 

Primer (cPD-L1 inner R): TTATGTCTCTTCAAATTGTATATC (SEQ ID NO: 23) 

Primer (cPD-L1 5´GSP):  TTTTAGACAGAAAGTGA (SEQ ID NO: 24) 

Primer (cPD-L1 3´GSP):  GACCAGCTCTTCTTGGGGAA (SEQ ID NO: 25) 

 

2.3  Preparation of Canine PD-L1 Expressing COS-7 Cells 

 For preparing a canine PD-L1-EGFP expression plasmid, PCR was performed using a 

synthesized beagle PBMC-derived cDNA as a template and primers designed by adding BglII 

and EcoRI recognition sites on the 5′ side (cPD-L1-EGFP F and R).  The resultant PCR 

products were digested with BglII (New England Biolabs) and EcoRI (Takara), and then 

purified with FastGene Gel/PCR Extraction Kit (NIPPON Genetics), followed by cloning 

into pEGFP-N2 vector (Clontech) similarly treated with restriction enzymes.  The resultant 

expression plasmid of interest was extracted with QIAGEN Plasmid Midi kit (Qiagen) and 

stored at −30°C until use in experiments.  Hereinafter, the thus prepared expression plasmid 
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is designated as pEGFP-N2-cPD-L1. 

 Primer (cPD-L1-EGFP F): GAAGATCTATGAGAATGTTTAGTGTC (SEQ ID NO: 26) 

Primer (cPD-L1-EGFP R): GGAATTCTGTCTCTTCAAATTGTATATC (SEQ ID NO: 27) 

  COS-7 cells were subcultured at a density of 5x10
4
 cells/cm

2 
in 6-well plates, and then 

cultured overnight in RPMI 1640 medium containing 10% inactivated fetal bovine serum and 

0.01% L-glutamine at 37°C in the presence of 5% CO2.  The pEGFP-N2-cPD-L1 or pEGFP-

N2 (negative control) was introduced into COS-7 cells at 0.4 μg/cm
2
 using Lipofectamine 

2000 (Invitrogen).  The cells were cultured for 48 hours (canine cPD-L1-EGFP expressing 

cell and EGFP expressing cell).  In order to confirm the expression of PD-L1 in the thus 

prepared expressing cells, intracellular localization of enhanced green fluorescent protein 

(EGFP) was visualized with an inverted confocal laser microscope LSM700 (ZEISS) 

(Maekawa N, Konnai S, Ikebuchi R, Okagawa T, Adachi M, Takagi S, Kagawa Y, Nakajima 

C, Suzuki Y, Murata S, Ohashi K. PLoS One. 2014 Jun 10;9(6):e98415).  

  

2.4  Cross-Reactivity of Rat Anti-Bovine PD-L1 Antibody 6C11-3A11 with Canine PD-L1 

  In order to confirm that rat anti-bovine PD-L1 antibody 6C11-3A11 specifically binds 

to canine PD-L1, flow cytometry was performed using the canine cPD-L1-EGFP expressing 

cell or the EGFP expressing cell prepared in 2.3 above.  To 2x10
5
-1x10

6
 cells, 10 μg/ml of 

anti-bovine PD-L1 antibody 6C11-3A11 was added and reacted for 30 min at room 

temperature.  After washing, the antibody binding to cell surfaces was detected with 

Allophycocyanine-labeled goat anti-rat Ig antibody (Beckman Coulter).  For the analysis, 

FACS Verse (Becton, Dickinson and Company) was used.  As a negative control antibody, rat 

IgG2a (κ) isotype control (BD Bioscience) was used.  For every washing operation and 

dilution of antibodies, 10% inactivated goat serum-supplemented PBS was used. The results 

are shown in Fig. 1. 

 

2.5  CDR Analysis of Rat Anti-Bovine PD-L1 Antibody 6C11-3A11 

  The heavy chain and the light chain genes of rat anti-bovine PD-L1 antibody 6C11-

3A11 were identified from a hybridoma producing the antibody by RACE method.  The 

complementarity-determining regions (CDRs) of rat anti-bovine PD-L1 antibody 6C11-3A11 

were determined using NCBI IGBLAST (http://www.ncbi.nlm.nih.gov/igblast/).  The results 

are shown in Fig. 2. 

 

2.6  Immunohistochemical Staining of Canine Tumor Tissues and Ovine/Porcine Infected 
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Tissues 

  In order to confirm that rat anti-bovine PD-L1 antibody 6C11-3A11 is applicable to 

PD-L1 immunohistochemical staining of canine tumors, formalin-fixed and paraffin-

embedded canine tumor samples were immunohistochemically stained.  According to 

conventional methods, the resultant samples were deparaffinized and then subjected to 

microwave treatment (5 min, twice) in citrate buffer.  Subsequently, the samples were reacted 

with PD-L1 antibody 6C11-3A11 (400-fold dilution) for 30 min and then with Simple Stain 

Mouse MAX-PO (Rat) (Nichirei Bioscience) for 30 min.  For coloring, diaminobenzidine 

(DAB) was reacted for 10 min.  

The results are shown in Figs. 3, 4, 5-1, 5-2, 6 and 7. 

  Anti-MelanA antibody, the only commercially available antibody specific to 

melanoma, stained tumor cells very weakly (Fig. 3, left).  On the other hand, the PD-L1 

antibody (6C11-3A11) established by the present inventors stained tumor cells very strongly 

(Fig. 3, Right).  The PD-L1 antibody (6C11-3A11) was capable of staining almost all cases of 

melanoma.   

  In canine melanoma, tumor cells were found diffusely positive for the PD-L1 

antibody (6C11-3A11).  (Positive number/tested number = 12/12; positive rate 100%) 

  In canine lymphoma, tumor cells were found diffusely positive for the PD-L1 

antibody (6C11-3A11).  In canine osteosarcoma, some tumor cells were stained 

intracellularly.  In canine renal cell carcinoma, tumor cells were found diffusely positive in 

various tissue types. 

  In a case of ovine listeriosis, a PD-L1 staining image of a brain lesion of ovine 

listeriosis showing neurologic symptoms is shown in Fig. 6, left panel.  In an enlarged 

photograph of this image, expression of PD-L1 was observed in macrophages infiltrating into 

brain lesions (Fig. 6, Right). 

  In a case of porcine circovirus type 2 infection, PD-L1 was stained with lymphoid 

follicles, and virus was stained in these cells (Fig. 7, Left).  

  In a case of porcine mycoplasma pneumonia, a great number of macrophages 

infiltrated pulmonary lesions, and PD-L1 was stained in these infiltrating cells (Fig. 7, Right).   

  As described so far, anti-bovine PD-L1 antibody 6C11-3A11 may be used for 

detecting PD-L1 in various canine tumors (such as malignant melanoma) and ovine/porcine 

infections by immunohistochemical staining.  This suggests the possibility of using anti-

bovine PD-L1 antibody 6C11-3A11 for diagnosis in a multiple-animal and a multiple-disease 

manner. 
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[Example 2] 

1.  Introduction 

  Monoclonal antibodies may be produced by culturing hybridomas and purifying 

antibodies from the resultant culture supernatants.  Alternatively, when the nucleotide 

sequence of an antibody of interest has been identified, a cell expressing the antibody may be 

prepared by transfecting cultured cells with a vector for expressing the nucleotide sequence; 

the thus prepared antibody expressing cell may be used as a substitute for hybridoma.  In the 

subject Example, a method will be illustrated below in which an antibody is produced by a 

protein expression system using an expression vector and a mammalian cell. 

 

2.  Materials and Methods 

2.1  Preparation of Rat Anti-Bovine PD-L1 Antibody 6C11-3A11 Expression Vector 

 Based on the nucleotide sequence of rat anti-bovine PD-L1 antibody 6C11-3A11 

identified in 2.5 of Example 1 above, gene synthesis is performed so that NotI restriction 

enzyme recognition site, KOZAK sequence, antibody’s light chain sequence, poly-A addition 

signal sequence (PABGH), promoter sequence (PCMV), SacI restriction enzyme recognition 

site, intron sequence (INRBG), KOZAK sequence, antibody’s heavy chain sequence and 

XbaI restriction enzyme recognition site will be located in this order.  In this case, codons of 

the antibody gene may have been optimized in advance depending on the type of the cell that 

is to express the gene.  The synthesized gene strand is incorporated into an expression vector 

pDC6 (kindly provided by Prof. S. Suzuki, Research Center for Zoonosis Control, Hokkaido 

University) at the cloning site (NotI and XbaI restriction enzyme recognition sequences 

located downstream of PCMV and between INRBG and PABGH) using restriction enzyme 

recognition sequences so that the above-listed sequences will be located in the above-

mentioned order to thereby construct a rat anti-bovine PD-L1 antibody expressing vector 

pDC6.   

 

2.2  Expression of Rat Anti-bovine PD-L1 Antibody 6C11-3A11 

  The rat anti-bovine PD-L1 antibody expressing vector pDC6 as prepared in 2.1 above 

is transfected into CHO-DG44 cells (CHO-DG44(dfhr
-
/
-
)) which are dihydrofolate reductase 

deficient cells, and high expression clones are selected by dot blotting.  For increased 

expression, gene amplification treatment may be performed by adding load on cells in a 

medium containing 60 nM, 250 nM or 1000 nM methotrexate (Mtx).  The thus prepared cells 
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stably expressing rat anti-bovine PD-L1 antibody 6C11-3A11 are transferred to Mtx-free 

Opti-CHO medium. By culturing those cells under shaking for 14 days (125 rpm, 37°C, 5% 

CO2), a culture supernatant containing the antibody of interest can be obtained.  The antibody 

in the culture supernatant may be purified by known methods such as affinity 

chromatography or ion exchange chromatography for use in various experiments. 

 

[Example 3] 

1.  Introduction 

  For the purpose of establishing a novel diagnosis method for tumor diseases, a rat-

human chimeric anti-PD-L1 antibody is obtained in the subject Example by culturing Chinese 

hamster ovary cells (CHO cells) that will express a chimeric antibody gene in which the 

variable region gene of rat anti-bovine PD-L1 antibody 6C11-3A11 is combined with the 

constant region gene of human immunoglobulin (IgG4) . 

 

2.  Materials and Methods 

2.1  Preparation of Rat-Human Chimeric Anti-PD-L1 Expression Vector (Fig. 10) 

  Hereinbelow, a rat-human chimeric anti-PD-L1 antibody is established using rat anti-

bovine PD-L1 monoclonal antibody 6C11-3A11 as its variable region. 

  Briefly, heavy chain and light chain variable region genes were identified from a 

hybridoma producing the rat anti-bovine PD-L1 antibody 6C11-3A11.  Further, a nucleotide 

sequence was prepared by linking the heavy chain and light chain variable region genes of 

the above rat antibody to the constant region of heavy chain IgG4 and the constant region of 

light chain Kappa of a known human antibody, respectively. After codon optimization, gene 

synthesis is performed so that NotI restriction enzyme recognition site, KOZAK sequence, 

chimeric antibody’s light chain sequence, poly-A addition signal sequence (PABGH), 

promoter sequence (PCMV), SacI restriction enzyme recognition site, intron sequence 

(INRBG), KOZAK sequence, chimeric antibody’s heavy chain sequence and XbaI restriction 

enzyme recognition site will be located in this order.  The synthesized gene strand is 

incorporated into the expression vector pDC6 (kindly provided by Prof. S. Suzuki, Research 

Center for Zoonosis Control, Hokkaido University) at the cloning site (NotI and XbaI 

restriction enzyme recognition sequences located downstream of PCMV and between INRBG 

and PABGH) using restriction enzyme recognition sequences so that the above-listed 

sequences will be located in the above-mentioned order (Fig. 10).  Thus, a rat-human 

chimeric anti-PD-L1 antibody expressing vector is constructed.  This expression vector is 
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transfected into CHO-DG44 cells (CHO-DG44(dfhr
-
/
-
)) which are dihydrofolate reductase 

deficient cells, and high expression clones are selected by dot blotting.  For increased 

expression, gene amplification treatment may be performed by adding load on cells in a 

medium containing 60 nM, 250 nM or 1000 nM methotrexate (Mtx).  The thus prepared cells 

stably expressing rat-human chimeric anti-PD-L1 antibody 6C11-3A11 are transferred to 

Mtx-free Opti-CHO medium. By culturing those cells under shaking for 14 days (125 rpm, 

37°C, 5% CO2), a culture supernatant containing the antibody of interest can be obtained.  

The antibody in the culture supernatant may be purified by known methods such as affinity 

chromatography or ion exchange chromatography for use in various experiments. 

 

[Example 4] 

1.  Introduction 

  With respect to PD-L1 in canine tumors, a detection method by immunohistochemical 

staining with rat anti-bovine PD-L1 antibody 6G7-E1 was previously established, and the 

expression profiles in various tumors have been reported (Maekawa N, Konnai S, Okagawa 

T, Ikebuchi R , Izumi Y, Takagi S, Kagawa Y, Nakajima C, Suzuki Y, Kato Y, Murata S, 

Ohashi K. PLoS One. 2016 Jun 11(6): e0157176).  In the subject Example, in order to 

examine whether rat anti-bovine PD-L1 antibody 6C11-3A11 is more useful than existing 

anti-PD-L1 antibody 6G7-E1 in expression analysis of PD-L1 in canine tumors, 

immunohistochemical staining of various canine tumors was performed to thereby directly 

compare the PD-L1 detection sensitivities of 6G7-E1 and 6C11-3A11. 

 

2.  Materials and Methods 

2.1  Comparison by Flow Cytometry Using Canine PD-L1-EGFP Stably Expressing CHO-

DG44 Cells (Fig. 11) 

  First, in order to prepare canine PD-L1 membrane expressing cells, 2.5 μg of canine 

PD-L1-EGFP expression plasmid (pEGFP-N2-cPD-L1) prepared in 2.3 of Example 1 or 

pEGFP-N2 (negative control) was introduced into 4x10
6
 CHO-DG44 cells using 

Lipofectamine LTX (Invitrogen). Forty-eight hours later, the medium was exchanged with 

CD DG44 medium (Life Technologies) containing G418 (Enzo Life Science) 800 μg/ml, 

GlutaMAX supplement (Life Technologies) 20 ml/L, and 10% Pluronic F-68 (Life 

Technologies) 18 ml/L, followed by selection of stably expressing cells and cloning by 

limiting dilution. The thus prepared canine PD-L1 membrane expressing cell or EGFP 

expressing cell was reacted with rat anti-bovine PD-L1 antibody 6C11-3A11 or 6G7-E1 at 
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room temperature for 30 min.  After washing, antibodies binding to cell surfaces were 

detected with Allophycocyanine-labeled goat anti-rat Ig antibody (Beckman Coulter).  For 

analysis, FACS Verse (Becton, Dickinson and Company) was used.  As a negative control, rat 

IgG2a (κ) or IgM (κ) isotype control (BD Bioscience) was used.  For every washing 

operation and dilution of antibodies, 10% inactivated goat serum-supplemented PBS was 

used.  

The results are shown in Fig. 11.  Rat anti-bovine PD-L1 antibodies 6C11-3A11 and 

6G7-E1 bound specifically to canine PD-L1 membrane expressing cells.  The resultant 

fluorescence intensity was higher with 6C11-3A11 than with 6G7-E1, suggesting that 6C11-

3A11 is an antibody with higher affinity. 

 

2.2  Comparison of the Detection Sensitivities of Both Antibodies in PD-L1 Expression 

Analysis of Various Canine Tumors (Immunohistochemical Staining) 

 Using samples of canine skin squamous cell carcinoma (n=5), nasal adenocarcinoma 

(n=5), transitional cell carcinoma (n=5), anal sac gland carcinoma (n=5), soft tissue sarcoma 

(n=5) and osteosarcoma (n=5), immunohistochemical staining with rat anti-bovine PD-L1 

antibody 6C11-3A11 was performed according to the method described in 2.6 of Example 1.  

With rat anti-bovine PD-L1 antibody 6G7-E1, immunohistochemical staining was performed 

in the same manner using sections derived from the same analytes.  The final concentration of 

6G7-E1 used on this occasion was 10 μg/ml, and biotin-labeled goat anti-rat IgM antibody 

(Jackson ImmunoResearch Laboratories) was used as a secondary antibody. 

 The results are shown in Figs. 12 and 13.  While specific signals were not observed in 

squamous cell carcinoma, nasal adenocarcinoma, transitional cell carcinoma, anal sac gland 

carcinoma and soft tissue sarcoma upon staining with 6G7-E1, satisfactory positive reactions 

were obtained upon staining with 6C11-3A11.  On the other hand, specific signals were also 

obtained with 6G7-E1 in osteosarcoma but staining with 6C11-3A11 provided higher signal 

intensities.  The PD-L1 positive rate of these tumors obtained by 6C11-3A11 staining was 

100% (5 out of 5 cases) in all of the above-listed tumor species excepting soft tissue sarcoma 

which turned out to be PD-L1 positive at a rate of 80% (4 out of 5 cases).  

 Subsequently, samples of oral malignant melanoma (n=17), mammary 

adenocarcinoma (n=10), histiocytic sarcoma (n=10), diffuse large B-cell lymphoma (n=10) 

and transmissible venereal tumor (n=4) were immunohistochemically stained with 6C11-

3A11 to analyze PD-L1 expression therein. 

 The results are shown in Fig. 14.  The PD-L1 positive rate was 100% in oral 
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malignant melanoma (17 out of 17 cases), 100% in mammary adenocarcinoma (10 out of 10 

cases), 20% in histiocytic sarcoma (2 out of 10 cases), 20% in diffuse large B-cell lymphoma 

(2 out of 10 cases) and 0% in transmissible venereal tumor (0 out of 4 cases).   

 The above-described results revealed that 6C11-3A11 is superior to the existing anti-

PD-L1 antibody 6G7-E1 in the detection of canine PD-L1. 

 

[Example 5] 

1.  Introduction 

 Johne’s disease is a bovine chronic infection caused by Mycobacterium avium subsp. 

paratuberculosis.  In cattle affected with Johne’s disease, PD-L1 expression has been 

confirmed in M. avium subsp. paratuberculosis-infected cells in ileal lesions which are a 

localized site of infection with this bacterium (Okagawa T, Konnai S, Nishimori A, Ikebuchi 

R, Mizorogi S, Nagata R, Kawaji S, Tanaka S, Kagawa Y, Murata S, Mori Y and Ohashi K. 

Infect Immun, 84:77-89, 2016).  In the subject Example, immunohistochemical staining of 

ileal lesions of cattle with Johne’s disease was performed in order to examine whether rat 

anti-bovine PD-L1 antibody 6C11-3A11 could be used for detecting bovine PD-L1 or not. 

 

2.  Materials and Methods 

2.1.  Construction of Bovine PD-L1 Expressing Cells 

 The nucleotide sequence of the full-length cDNA of bovine PD-L1 gene (GenBank 

accession number AB510902; Ikebuchi R, Konnai S, Shirai T, Sunden Y, Murata S, Onuma 

M, Ohashi K. Vet. Res. 2011 Sep. 26; 42:103) was determined.  Based on the resultant 

nucleotide sequence, bovine PD-L1 membrane expressing cells were prepared.  First, for 

preparing a bovine PD-L1 expressing plasmid, PCR was performed using a synthesized 

bovine PBMC-derived cDNA as a template and primers having NheI and XhoI recognition 

sites added on the 5′ side (boPD-L1-EGFP F and R).  The PCR products were digested with 

NheI (Takara) and XhoI (Takara), purified with FastGene Gel/PCR Extraction Kit (NIPPON 

Genetics) and cloned into pEGFP-N2 vector (Clontech) that had been subjected to similar 

restriction enzyme treatments.  The resultant expression plasmid of interest was extracted 

with QIAGEN Plasmid Midi kit (Qiagen) and stored at −30°C until use in experiments.  

Hereinafter, the thus prepared expression plasmid is designated as pEGFP-N2-boPD-L1. 

Primer (boPD-L1-EGFP F): CTAGCTAGCACCATGAGGATATATAGTGTCTTAAC (SEQ 

ID NO: 124) 

Primer (boPD-L1-EGFP R): CAATCTCGAGTTACAGACAGAAGATGACTGC (SEQ ID 
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NO: 125) 

 Bovine PD-L1 membrane expressing cells were prepared by the procedures described 

below.  First, 2.5 μg of pEGFP-N2-boPD-L1 or pEGFP-N2 (negative control) was introduced 

into 4x10
6
 CHO-DG44 cells using Lipofectamine LTX (Invitrogen). Forty-eight hours later, 

the medium was exchanged with CD DG44 medium (Life Technologies) containing G418 

(Enzo Life Science) 800 μg/ml, GlutaMAX supplement (Life Technologies) 20 ml/L, and 

10% Pluronic F-68 (Life Technologies) 18 ml/L; thereafter, selection was performed 

simultaneously with cloning by limiting dilution (bovine PD-L1 expressing cell and EGFP 

expressing cell). In order to confirm the expression of bovine PD-L1 in the thus prepared 

bovine PD-L1 expressing cell, intracellular localization of EGFP was visualized with an 

inverted confocal laser microscope LSM700 (ZEISS).  

 

2.2.  Binding Specificity of Rat Anti-Bovine PD-L1 Antibody 6C11-3A11 to Bovine PD-L1 

 It was confirmed by flow cytometry that rat anti-bovine PD-L1 antibody 6C11-3A11 

specifically binds to the bovine PD-L1 expressing cell (described above).  First, rat anti-

bovine PD-L1 antibody 6C11-3A11 or rat IgG2a (κ) isotype control (BD Biosciences) as a 

negative control was reacted with the bovine PD-L1 expressing cell or the EGFP expressing 

cell (negative control) at room temperature for 30 min.  After washing, APC-labeled anti-rat 

Ig goat antibody (Southern Biotech) was reacted at room temperature for 30 min.  After 

washing, antibodies bound to cell surfaces were detected by FACS Verse (BD Biosciences).  

For every washing operation and dilution of antibody, PBS supplemented with 1% bovine 

serum albumin (Sigma-Aldrich) was used. 

 The results are shown in Fig. 15.  It was revealed that rat anti-bovine PD-L1 antibody 

6C11-3A11 binds specifically to the bovine PD-L1 expressing cell. 

 

2.3.  Immunohistochemical Staining Using Tissue Samples from Infected Cattle 

  In order to confirm that rat anti-bovine PD-L1 antibody 6C11-3A11 is applicable to 

PD-L1 immunohistochemical staining of bovine tissues, immunohistochemical staining was 

performed with formalin-fixed, paraffin-embedded bovine tissue samples.  Briefly, ilium 

tissue blocks from cattle which naturally developed Johne’s disease (#1, presenting clinical 

symptoms of Johne’s disease such as diarrhea and severe emaciation), cattle experimentally 

infected with M. avium subsp. paratuberculosis (#65, clinical symptoms such as shedding of 

M. avium subsp. paratuberculosis and diarrhea were observed; Okagawa T, Konnai S, 

Nishimori A, Ikebuchi R, Mizorogi S, Nagata R, Kawaji S, Tanaka S, Kagawa Y, Murata S, 
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Mori Y and Ohashi K. Infect Immun, 84:77-89, 2016) and uninfected control cattle (C#6) (the 

blocks kindly provided by Dr. Yasuyuki Mori, National Institute of Animal Health, National 

Agriculture and Food Research Organization) were used for staining.  According to 

conventional methods, the stained samples were deparaffinized and then subjected to 

microwave treatment (5 min, twice) in citrate buffer.  Subsequently, the samples were reacted 

with rat anti-bovine PD-L1 antibody 6C11-3A11 (400-fold dilution) for 30 min and then with 

Simple Stain Mouse MAX-PO (Rat) (Nichirei Bioscience) for 30 min.  Finally, the samples 

were reacted with diaminobenzidine (DAB) for 10 min for coloring, followed by observation 

with an optical microscope. 

  The results are shown in Fig. 16.  Rat anti-bovine PD-L1 antibody 6C11-3A11 

detected expression of PD-L1 in M. avium subsp. paratuberculosis-infected cells (confirmed 

by Ziehl-Neelsen staining) in ileal lesions of cattle #1 that naturally developed Johne’s 

disease and experimentally infected cattle #65 (Fig. 16a, b).  On the other hand, PD-L1 was 

not expressed in the ileum of uninfected cattle (C#6), so reaction of rat anti-bovine PD-L1 

antibody 6C11-3A11 (non-specific reaction) was not recognized (Fig. 16a). 

  As described above, it was shown that rat anti-bovine PD-L1 antibody 6C11-3A11 

can be used for detecting PD-L1 in bovine tissues by immunohistochemical staining. 

All publications, patents and patent applications cited herein are incorporated herein 

by reference in their entirety. 

 

INDUSTRIAL APPLICABILITY 

 The anti-PD-L1 antibody of the present invention is applicable to diagnosis of cancers 

and/or infections.  Further, the anti-PD-L1 antibody of the present invention is also applicable 

to selection of subject animals suitable for therapy with anti-PD-L1 antibodies. 

 

SEQUENCE LISTING FREE TEXT 

<SEQ ID NO: 1> 

SEQ ID NO: 1 shows the amino acid sequence of CDR1 of the light chain variable region 

(VL) of anti-PD-L1 antibody 6C11-3A11 (IgG2a). 

KSISKY 

 

<SEQ ID NO: 2> 

SEQ ID NO: 2 shows the amino acid sequence of CDR3 of the VL of anti-PD-L1 antibody 

6C11-3A11 (IgG2a). 
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QQHNEYPLT 

 

<SEQ ID NO: 3> 

SEQ ID NO: 3 shows the amino acid sequence of CDR1 of the heavy chain variable region 

(VH) of anti-PD-L1 antibody 6C11-3A11 (IgG2a). 

GYTFTDYI 

 

<SEQ ID NO: 4> 

SEQ ID NO: 4 shows the amino acid sequence of CDR2 of the VH of anti-PD-L1 antibody 

6C11-3A11 (IgG2a). 

INPDSGGN 

 

<SEQ ID NO: 5> 

SEQ ID NO: 5 shows the amino acid sequence of CDR3 of the VH of anti-PD-L1 antibody 

6C11-3A11 (IgG2a). 

ARGITMMVVISHWKFDF 

 

<SEQ ID NO: 6> 

SEQ ID NO: 6 shows the amino acid sequence of the VL of anti-PD-L1 antibody 6C11-3A11 

(IgG2a). 

MRVQIQFWGLLLLWTSGIQCDVQMTQSPSNLAASPGESVSINCKASKSISKYLAWYQ

QKPGKANKLLIYSGSTLQSGTPSRFSGSGSGTDFTLTIRNLEPEDFGLYYCQQHNEYPL

TFGSGTKLEIK 

 

<SEQ ID NO: 7> 

SEQ ID NO: 7 shows the amino acid sequence of the VH of anti-PD-L1 antibody 6C11-3A11 

(IgG2a). 

MGWICIIFLVAIATGAHSQVKLLQSGAALVKPGDSVKMSCKASGYTFTDYIIHWVKQS

HGKSLEWIGYINPDSGGNNYNEKFKSKATLTVDKSSSTAYMEFSRLTSEDSAIYYCAR

GITMMVVISHWKFDFWGPGTMVTVSS 

 

<SEQ ID NO: 8> 

SEQ ID NO: 8 shows the amino acid sequence of the light chain (kappa chain) constant 

region of anti-PD-L1 antibody 6C11-3A11 (IgG2a). 
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RADAAPTVSIFPPSTEQLATGGASVVCLMNNFYPRDISVKWKIDGTERRDGVLDSVT

DQDSKDSTYSMSSTLSLTKADYESHNLYTCEVVHKTSSSPVVKSFNRNEC* 

 

<SEQ ID NO: 9> 

SEQ ID NO: 9 shows the amino acid sequence of the heavy chain constant region (CH) of 

anti-PD-L1 antibody 6C11-3A11 (IgG2a). 

AETTAPSVYPLAPGTALKSNSMVTLGCLVKGYFPEPVTVTWNSGALSSGVHTFPAVL

QSGLYTLTSSVTVPSSTWSSQAVTCNVAHPASSTKVDKKIVPRECNPCGCTGSEVSSVF

IFPPKTKDVLTITLTPKVTCVVVDISQNDPEVRFSWFIDDVEVHTAQTHAPEKQSNSTL

RSVSELPIVHRDWLNGKTFKCKVNSGAFPAPIEKSISKPEGTPRGPQVYTMAPPKEEM

TQSQVSITCMVKGFYPPDIYTEWKMNGQPQENYKNTPPTMDTDGSYFLYSKLNVKK

ETWQQGNTFTCSVLHEGLHNHHTEKSLSHSPGK* 

 

<SEQ ID NO: 10> 

SEQ ID NO: 10 shows the amino acid sequence (GenBank: #V01241.1) of the light chain 

(kappa chain) constant region of a rat antibody (IgG2a). 

ADAAPTVSIFPPSTEQLATGGASVVCLMNNFYPRDISVKWKIDGTERRDGVLDSVTD

QDSKDSTYSMSSTLSLTKADYESHNLYTCEVVHKTSSSPVVKSFNRNEC* 

 

<SEQ ID NO: 11> 

SEQ ID NO: 11 shows the amino acid sequence (GenBank: #X16129.1) of the light chain 

(kappa chain) constant region of a rat antibody (IgG2a). 

RADAAPTVSIFPPSTEQLATGGASVVCLMNNFYPRDISVKWKIDGTERRDGVLDSVT

DQDSKDSTYSMSSTLSLSKADYESHNLYTCEVVHKTSSSPVVKSFNRNEC 

 

<SEQ ID NO: 12> 

SEQ ID NO: 12 shows the amino acid sequence (GenBank: #DQ402471.1) of the light chain 

(kappa chain) constant region of a rat antibody (IgG2a). 

AAPTVSIFPPSMEQLTSGGATVVCFVNNFYPRDISVKWKIDGSEQRDGVLDSVTDQDS

KDSTYSMSSTLSLTKVEYERHNLYTCEVVHKTSSSPVVKSFNRNEC* 

 

<SEQ ID NO: 13> 

SEQ ID NO: 13 shows the amino acid sequence (GenBank: #DQ402472.1) of the CH of a rat 

antibody (IgG2a). 



39 

 

APSVYPLAPGTALKSNSMVTLGCLVKGYFPEPVTVTWNSGALSSGVHTFPAVLQSGL

YTLTSSVTVPSSTWSSQAVTCNVAHPASSTKVDKKIVPRECNPCGCTGSEVSSVFIFPP

KTKDVLTITLTPKVTCVVVDISQNDPEVRFSWFIDDVEVHTAQTHAPEKQSNSTLRSV

SELPIVHRDWLNGKTFKCKVNSGAFPAPIEKSISKPEGTPRGPQVYTMAPPKEEMTQS

QVSITCMVKGFYPPDIYTEWKMNGQPQENYKNTPPTMDTDGSYFLYSKLNVKKETW

QQGNTFTCSVLHEGLHNHHTEKSLSHSPGK* 

 

<SEQ ID NO: 14> 

SEQ ID NO: 14 shows the nucleotide sequence of the VL of anti-PD-L1 antibody 6C11-3A11 

(IgG2a). 

ATGAGGGTCCAGATTCAGTTTTGGGGGCTTCTTCTGCTCTGGACATCAGGTATACA

GTGTGATGTCCAGATGACCCAGTCTCCATCTAATCTTGCTGCCTCTCCTGGAGAAA

GTGTTTCCATCAATTGCAAGGCAAGTAAGAGCATTAGCAAGTATTTAGCCTGGTAT

CAACAGAAACCTGGGAAAGCAAATAAGCTTCTTATCTACTCTGGGTCAACTTTGC

AATCTGGAACTCCATCGAGGTTCAGTGGCAGTGGATCTGGTACAGATTTCACTCTC

ACCATCAGAAACCTGGAGCCTGAAGATTTTGGACTCTATTACTGTCAACAGCATAA

TGAATACCCGCTCACGTTCGGTTCTGGGACCAAGCTGGAGATCAAA 

 

<SEQ ID NO: 15> 

SEQ ID NO: 15 shows the nucleotide sequence of the VH of anti-PD-L1 antibody 6C11-

3A11 (IgG2a). 

ATGGGATGGATCTGTATCATCTTTCTTGTGGCAATAGCTACAGGTGCCCACTCCCAG

GTCAAGCTGCTGCAGTCTGGGGCTGCACTGGTGAAGCCTGGGGACTCTGTGAAG

ATGTCTTGCAAAGCTTCTGGTTATACATTCACTGACTACATTATACACTGGGTGAAG

CAGAGTCATGGAAAAAGCCTTGAGTGGATTGGTTATATTAATCCTGACAGTGGTGG

TAATAACTACAATGAAAAGTTCAAGAGCAAGGCCACATTGACTGTAGACAAATCC

AGCAGCACAGCCTATATGGAGTTTAGCAGATTGACATCTGAGGATTCTGCAATCTA

CTACTGTGCAAGAGGGATTACCATGATGGTAGTTATTAGCCACTGGAAGTTTGACT

TCTGGGGCCCAGGAACCATGGTCACCGTGTCCTCA 

 

<SEQ ID NO: 16> 

SEQ ID NO: 16 shows the nucleotide sequence of the light chain (kappa chain) constant 

region of anti-PD-L1 antibody 6C11-3A11 (IgG2a). 

CGGGCTGATGCTGCACCAACTGTATCTATCTTCCCACCATCCACGGAACAGTTAGC
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AACTGGAGGTGCCTCAGTCGTGTGCCTCATGAACAACTTCTATCCCAGAGACATC

AGTGTCAAGTGGAAGATTGATGGCACTGAACGACGAGATGGTGTCCTGGACAGT

GTTACTGATCAGGACAGCAAAGACAGCACGTACAGCATGAGCAGCACCCTCTCGT

TGACCAAGGCTGACTATGAAAGTCATAACCTCTATACCTGTGAGGTTGTTCATAAG

ACATCATCCTCACCCGTCGTCAAGAGCTTCAACAGGAATGAGTGTTAG 

 

<SEQ ID NO: 17> 

SEQ ID NO: 17 shows the nucleotide sequence of the CH of anti-PD-L1 antibody 6C11-

3A11 (IgG2a). 

GCTGAAACAACAGCCCCATCTGTCTATCCACTGGCTCCTGGAACTGCTCTCAAAA

GTAACTCCATGGTGACCCTGGGATGCCTGGTCAAGGGCTATTTCCCTGAGCCAGTC

ACCGTGACCTGGAACTCTGGAGCCCTGTCCAGCGGTGTGCACACCTTCCCAGCTG

TCCTGCAGTCTGGACTCTACACTCTCACCAGCTCAGTGACTGTACCCTCCAGCACC

TGGTCCAGCCAGGCCGTCACCTGCAACGTAGCCCACCCGGCCAGCAGCACCAAG

GTGGACAAGAAAATTGTGCCAAGGGAATGCAATCCTTGTGGATGTACAGGCTCAG

AAGTATCATCTGTCTTCATCTTCCCCCCAAAGACCAAAGATGTGCTCACCATCACT

CTGACTCCTAAGGTCACGTGTGTTGTGGTAGACATTAGCCAGAATGATCCCGAGGT

CCGGTTCAGCTGGTTTATAGATGACGTGGAAGTCCACACAGCTCAGACTCATGCC

CCGGAGAAGCAGTCCAACAGCACTTTACGCTCAGTCAGTGAACTCCCCATCGTGC

ACCGGGACTGGCTCAATGGCAAGACGTTCAAATGCAAAGTCAACAGTGGAGCAT

TCCCTGCCCCCATCGAGAAAAGCATCTCCAAACCCGAAGGCACACCACGAGGTCC

ACAGGTATACACCATGGCGCCTCCCAAGGAAGAGATGACCCAGAGTCAAGTCAGT

ATCACCTGCATGGTAAAAGGCTTCTATCCCCCAGACATTTATACGGAGTGGAAGAT

GAACGGGCAGCCACAGGAAAACTACAAGAACACTCCACCTACGATGGACACAGA

TGGGAGTTACTTCCTCTACAGCAAGCTCAATGTAAAGAAAGAAACATGGCAGCAG

GGAAACACTTTCACGTGTTCTGTGCTGCATGAGGGCCTGCACAACCACCATACTG

AGAAGAGTCTCTCCCACTCTCCTGGTAAATGA 

 

<SEQ ID NO: 18> 

SEQ ID NO: 18 shows the nucleotide sequence (GenBank: #V01241.1) of the light chain 

(kappa chain) constant region of a rat antibody (IgG2a). 

GGGCTGATGCTGCACCAACTGTATCTATCTTCCCACCATCCACGGAACAGTTAGCA

ACTGGAGGTGCCTCAGTCGTGTGCCTCATGAACAACTTCTATCCCAGAGACATCA

GTGTCAAGTGGAAGATTGATGGCACTGAACGACGAGATGGTGTCCTGGACAGTGT
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TACTGATCAGGACAGCAAAGACAGCACGTACAGCATGAGCAGCACCCTCTCGTTG

ACCAAGGCTGACTATGAAAGTCATAACCTCTATACCTGTGAGGTTGTTCATAAGAC

ATCATCCTCACCCGTCGTCAAGAGCTTCAACAGGAATGAGTGTTAG 

 

<SEQ ID NO: 19> 

SEQ ID NO: 19 shows the nucleotide sequence (GenBank: #X16129.1) of the light chain 

(kappa chain) constant region of a rat antibody (IgG2a). 

CGGGCTGATGCTGCACCAACTGTATCTATCTTCCCACCATCCACGGAACAGTTAGC

AACTGGAGGTGCCTCAGTCGTGTGCCTCATGAACAACTTCTATCCCAGAGACATC

AGTGTCAAGTGGAAGATTGATGGCACTGAACGACGAGATGGTGTCCTGGACAGT

GTTACTGATCAGGACAGCAAAGACAGCACGTACAGCATGAGCAGCACCCTCTCGT

TGTCCAAGGCTGACTATGAAAGTCATAACCTCTATACCTGTGAGGTTGTTCATAAG

ACATCATCCTCACCCGTCGTCAAGAGCTTCAACAGGAATGAGTGTTAG 

 

<SEQ ID NO: 20> 

SEQ ID NO: 20 shows the nucleotide sequence (GenBank: #DQ402471.1) of the light chain 

(kappa chain) constant region of a rat antibody (IgG2a). 

GCCGCACCAACTGTATCCATCTTCCCACCATCCATGGAACAGTTAACATCTGGAGG

TGCCACAGTCGTGTGCTTCGTGAACAACTTCTATCCCAGAGACATCAGTGTCAAG

TGGAAGATTGATGGCAGTGAACAACGAGATGGTGTCCTGGACAGTGTTACTGATC

AGGACAGCAAAGACAGCACGTACAGCATGAGCAGCACCCTCTCGTTGACCAAGG

TTGAATATGAAAGGCATAACCTCTATACCTGTGAGGTTGTTCATAAGACATCATCCT

CACCCGTCGTCAAGAGCTTCAACAGGAATGAGTGTTAG 

 

<SEQ ID NO: 21> 

SEQ ID NO: 21 shows the nucleotide sequence (GenBank: #DQ402472.1) of the CH of a rat 

antibody (IgG2a). 

CAGCCCCCTCTGTCTATCCACTGGCTCCTGGAACTGCTCTCAAAAGTAACTCCATG

GTGACCCTGGGATGCCTGGTCAAGGGCTATTTCCCTGAGCCAGTCACCGTGACCT

GGAACTCTGGAGCCCTGTCCAGCGGTGTGCACACCTTCCCAGCTGTCCTGCAGTC

TGGACTCTACACTCTCACCAGCTCAGTGACTGTACCCTCCAGCACCTGGTCCAGC

CAGGCCGTCACCTGCAACGTAGCCCACCCGGCCAGCAGCACCAAGGTGGACAAG

AAAATTGTGCCAAGGGAATGCAATCCTTGTGGATGTACAGGCTCAGAAGTATCATC

TGTCTTCATCTTCCCCCCAAAGACCAAAGATGTGCTCACCATCACTCTGACTCCTA
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AGGTCACGTGTGTTGTGGTAGACATTAGCCAGAATGATCCCGAGGTCCGGTTCAG

CTGGTTTATAGATGACGTGGAAGTCCACACAGCTCAGACTCATGCCCCGGAGAAG

CAGTCCAACAGCACTTTACGCTCAGTCAGTGAACTCCCCATCGTGCACCGGGACT

GGCTCAATGGCAAGACGTTCAAATGCAAAGTCAACAGTGGAGCATTCCCTGCCCC

CATCGAGAAAAGCATCTCCAAACCCGAAGGCACACCACGAGGTCCACAGGTATAC

ACCATGGCGCCTCCCAAGGAAGAGATGACCCAGAGTCAAGTCAGTATCACCTGCA

TGGTAAAAGGCTTCTATCCCCCAGACATTTATACGGAGTGGAAGATGAACGGGCA

GCCACAGGAAAACTACAAGAACACTCCACCTACGATGGACACAGATGGGAGTTA

CTTCCTCTACAGCAAGCTCAATGTAAAGAAAGAAACATGGCAGCAGGGAAACAC

TTTCACGTGTTCTGTGCTGCATGAGGGCCTGCACAACCACCATACTGAGAAGAGT

CTCTCCCACTCTCCTGGTAAATGA 

 

<SEQ ID NOS: 22 to 27> 

SEQ ID NOS: 22 to 27 show the nucleotide sequences of primers cPD-L1 inner F, cPD-L1 

inner R, cPD-L1 5’GSP, cPD-L1 3’GSP, cPD-L1-EGFP F and cPD-L1-EGFP R, in this order. 

 

<SEQ ID NO: 28> 

SEQ ID NO: 28 shows the amino acid sequence of the light chain (kappa chain) constant 

region of a human antibody. 

<SEQ ID NO: 29> 

SEQ ID NO: 29 shows the nucleotide sequence of the light chain (kappa chain) constant 

region of a human antibody. 

<SEQ ID NO: 30> 

SEQ ID NO: 30 shows the amino acid sequence of the CH (CH1-CH3) of a human antibody 

(IgG4 variant 1). 

<SEQ ID NO: 31> 

SEQ ID NO: 31 shows the nucleotide sequence of the CH (CH1-CH3) of a human antibody 

(IgG4 variant 1). 

<SEQ ID NO: 32> 

SEQ ID NO: 32 shows the amino acid sequence of the CH (CH1-CH3) of a human antibody 

(IgG4 variant 2). 

<SEQ ID NO: 33> 

SEQ ID NO: 33 shows the nucleotide sequence of the CH (CH1-CH3) of a human antibody 

(IgG4 variant 2). 
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<SEQ ID NO: 34> 

SEQ ID NO: 34 shows the amino acid sequence of the CH (CH1-CH3) of a human antibody 

(IgG4 variant 3). 

<SEQ ID NO: 35> 

SEQ ID NO: 35 shows the nucleotide sequence of the CH (CH1-CH3) of a human antibody 

(IgG4 variant 3). 

<SEQ ID NO: 36> 

SEQ ID NO: 36 shows the amino acid sequence of the light chain (kappa chain) constant 

region of a mouse antibody. 

<SEQ ID NO: 37> 

SEQ ID NO: 37 shows the nucleotide sequence of the light chain (kappa chain) constant 

region of a mouse antibody. 

<SEQ ID NO: 38> 

SEQ ID NO: 38 shows the amino acid sequence of the light chain (kappa chain) constant 

region of a mouse antibody. 

<SEQ ID NO: 39> 

SEQ ID NO: 39 shows the nucleotide sequence of the light chain (kappa chain) constant 

region of a mouse antibody. 

<SEQ ID NO: 40> 

SEQ ID NO: 40 shows the amino acid sequence of the light chain (kappa chain) constant 

region of a mouse antibody. 

<SEQ ID NO: 41> 

SEQ ID NO: 41 shows the nucleotide sequence of the light chain (kappa chain) constant 

region of a mouse antibody. 

<SEQ ID NO: 42> 

SEQ ID NO: 42 shows the amino acid sequence of the light chain (kappa chain) constant 

region of a mouse antibody. 

<SEQ ID NO: 43> 

SEQ ID NO: 43 shows the nucleotide sequence of the light chain (kappa chain) constant 

region of a mouse antibody. 

<SEQ ID NO: 44> 

SEQ ID NO: 44 shows the amino acid sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG1 variant 1). 

<SEQ ID NO: 45> 
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SEQ ID NO: 45 shows the nucleotide sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG1 variant 1). 

<SEQ ID NO: 46> 

SEQ ID NO: 46 shows the amino acid sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG1 variant 2). 

<SEQ ID NO: 47> 

SEQ ID NO: 47 shows the nucleotide sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG1 variant 2). 

<SEQ ID NO: 48> 

SEQ ID NO: 48 shows the amino acid sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG2a variant 1). 

<SEQ ID NO: 49> 

SEQ ID NO: 49 shows the nucleotide sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG2a variant 1). 

<SEQ ID NO: 50> 

SEQ ID NO: 50 shows the amino acid sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG2a variant 2). 

<SEQ ID NO: 51> 

SEQ ID NO: 51 shows the nucleotide sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG2a variant 2). 

<SEQ ID NO: 52> 

SEQ ID NO: 52 shows the amino acid sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG2b variant 1). 

<SEQ ID NO: 53> 

SEQ ID NO: 53 shows the nucleotide sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG2b variant 1). 

<SEQ ID NO: 54> 

SEQ ID NO: 54 shows the amino acid sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG2b variant 2). 

<SEQ ID NO: 55> 

SEQ ID NO: 55 shows the nucleotide sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG2b variant 2). 

<SEQ ID NO: 56> 

SEQ ID NO: 56 shows the amino acid sequence of the CH (CH1-CH3) of a mouse antibody 
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(IgG2c variant 1). 

<SEQ ID NO: 57> 

SEQ ID NO: 57 shows the nucleotide sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG2c variant 1). 

<SEQ ID NO: 58> 

SEQ ID NO: 58 shows the amino acid sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG2c variant 2). 

<SEQ ID NO: 59> 

SEQ ID NO: 59 shows the nucleotide sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG2c variant 2). 

<SEQ ID NO: 60> 

SEQ ID NO: 60 shows the amino acid sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG2c variant 3). 

<SEQ ID NO: 61> 

SEQ ID NO: 61 shows the nucleotide sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG2c variant 3). 

<SEQ ID NO: 62> 

SEQ ID NO: 62 shows the amino acid sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG3). 

<SEQ ID NO: 63> 

SEQ ID NO: 63 shows the nucleotide sequence of the CH (CH1-CH3) of a mouse antibody 

(IgG3). 

<SEQ ID NO: 64> 

SEQ ID NO: 64 shows the amino acid sequence of the light chain (lambda chain) constant 

region of a bovine antibody. 

<SEQ ID NO: 65> 

SEQ ID NO: 65 shows the nucleotide sequence of the light chain (lambda chain) constant 

region of a bovine antibody. 

<SEQ ID NO: 66> 

SEQ ID NO: 66 shows the amino acid sequence of the CH (CH1-CH3) of a bovine antibody 

(IgG1 variant 1). 

<SEQ ID NO: 67> 

SEQ ID NO: 67 shows the nucleotide sequence of the CH (CH1-CH3) of a bovine antibody 

(IgG1 variant 1). 
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<SEQ ID NO: 68> 

SEQ ID NO: 68 shows the amino acid sequence of the CH (CH1-CH3) of a bovine antibody 

(IgG1 variant 2). 

<SEQ ID NO: 69> 

SEQ ID NO: 69 shows the nucleotide sequence of the CH (CH1-CH3) of a bovine antibody 

(IgG1 variant 2). 

<SEQ ID NO: 70> 

SEQ ID NO: 70 shows the amino acid sequence of the CH (CH1-CH3) of a bovine antibody 

(IgG1 variant 3). 

<SEQ ID NO: 71> 

SEQ ID NO: 71 shows the nucleotide sequence of the CH (CH1-CH3) of a bovine antibody 

(IgG1 variant 3). 

<SEQ ID NO: 72> 

SEQ ID NO: 72 shows the amino acid sequence of the CH (CH1-CH3) of a bovine antibody 

(IgG2 variant 1). 

<SEQ ID NO: 73> 

SEQ ID NO: 73 shows the nucleotide sequence of the CH (CH1-CH3) of a bovine antibody 

(IgG2 variant 1). 

<SEQ ID NO: 74> 

SEQ ID NO: 74 shows the amino acid sequence of the CH (CH1-CH3) of a bovine antibody 

(IgG2 variant 2). 

<SEQ ID NO: 75> 

SEQ ID NO: 75 shows the nucleotide sequence of the CH (CH1-CH3) of a bovine antibody 

(IgG2 variant 2). 

<SEQ ID NO: 76> 

SEQ ID NO: 76 shows the amino acid sequence of the CH (CH1-CH3) of a bovine antibody 

(IgG2 variant 3). 

<SEQ ID NO: 77> 

SEQ ID NO: 77 shows the nucleotide sequence of the CH (CH1-CH3) of a bovine antibody 

(IgG2 variant 3). 

<SEQ ID NO: 78> 

SEQ ID NO: 78 shows the amino acid sequence of the CH (CH1-CH3) of a bovine antibody 

(IgG3 variant 1). 

<SEQ ID NO: 79> 
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SEQ ID NO: 79 shows the nucleotide sequence of the CH (CH1-CH3) of a bovine antibody 

(IgG3 variant 1). 

<SEQ ID NO: 80> 

SEQ ID NO: 80 shows the amino acid sequence of the CH (CH1-CH3) of a bovine antibody 

(IgG3 variant 2). 

<SEQ ID NO: 81> 

SEQ ID NO: 81 shows the nucleotide sequence of the CH (CH1-CH3) of a bovine antibody 

(IgG3 variant 2). 

<SEQ ID NO: 82> 

SEQ ID NO: 82 shows the amino acid sequence of the light chain (lambda chain) constant 

region of a canine antibody. 

<SEQ ID NO: 83> 

SEQ ID NO: 83 shows the nucleotide sequence of the light chain (lambda chain) constant 

region of a canine antibody. 

<SEQ ID NO: 84> 

SEQ ID NO: 84 shows the amino acid sequence of the CH (CH1-CH3) of a canine antibody 

(IgG-D). 

<SEQ ID NO: 85> 

SEQ ID NO: 85 shows the nucleotide sequence of the CH (CH1-CH3) of a canine antibody 

(IgG-D). 

<SEQ ID NO: 86> 

SEQ ID NO: 86 shows the amino acid sequence of the light chain (kappa chain) constant 

region of an ovine antibody. 

<SEQ ID NO: 87> 

SEQ ID NO: 87 shows the nucleotide sequence of the light chain (kappa chain) constant 

region of an ovine antibody. 

<SEQ ID NO: 88> 

SEQ ID NO: 88 shows the amino acid sequence of the light chain (lambda chain) constant 

region of an ovine antibody. 

<SEQ ID NO: 89> 

SEQ ID NO: 89 shows the nucleotide sequence of the light chain (lambda chain) constant 

region of an ovine antibody. 

<SEQ ID NO: 90> 

SEQ ID NO: 90 shows the amino acid sequence of the CH (CH1-CH3) of an ovine antibody 
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(IgG1). 

<SEQ ID NO: 91> 

SEQ ID NO: 91 shows the nucleotide sequence of the CH (CH1-CH3) of an ovine antibody 

(IgG1). 

<SEQ ID NO: 92> 

SEQ ID NO: 92 shows the amino acid sequence of the CH (CH1-CH3) of an ovine antibody 

(IgG2). 

<SEQ ID NO: 93> 

SEQ ID NO: 93 shows the nucleotide sequence of the CH (CH1-CH3) of an ovine antibody 

(IgG2). 

<SEQ ID NO: 94> 

SEQ ID NO: 94 shows the amino acid sequence of the CH (CH1-CH3) of a porcine antibody 

(IgG1
a
). 

<SEQ ID NO: 95> 

SEQ ID NO: 95 shows the nucleotide sequence of the CH (CH1-CH3) of a porcine antibody 

(IgG1
a
). 

<SEQ ID NO: 96> 

SEQ ID NO: 96 shows the amino acid sequence of the CH (CH1-CH3) of a porcine antibody 

(IgG1
b
). 

<SEQ ID NO: 97> 

SEQ ID NO: 97 shows the nucleotide sequence of the CH (CH1-CH3) of a porcine antibody 

(IgG1
b
). 

<SEQ ID NO: 98> 

SEQ ID NO: 98 shows the amino acid sequence of the CH (CH1-CH3) of a porcine antibody 

(IgG2
a
). 

<SEQ ID NO: 99> 

SEQ ID NO: 99 shows the nucleotide sequence of the CH (CH1-CH3) of a porcine antibody 

(IgG2
a
). 

<SEQ ID NO: 100> 

SEQ ID NO: 100 shows the amino acid sequence of the CH (CH1-CH3) of a porcine 

antibody (IgG2
b
). 

<SEQ ID NO: 101> 

SEQ ID NO: 101 shows the nucleotide sequence of the CH (CH1-CH3) of a porcine antibody 

(IgG2
b
). 
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<SEQ ID NO: 102> 

SEQ ID NO: 102 shows the amino acid sequence of the CH (CH1-CH3) of a porcine 

antibody (IgG3). 

<SEQ ID NO: 103> 

SEQ ID NO: 103 shows the nucleotide sequence of the CH (CH1-CH3) of a porcine antibody 

(IgG3). 

<SEQ ID NO: 104> 

SEQ ID NO: 104 shows the amino acid sequence of the CH (CH1-CH3) of a porcine 

antibody (IgG4
a
). 

<SEQ ID NO: 105> 

SEQ ID NO: 105 shows the nucleotide sequence of the CH (CH1-CH3) of a porcine antibody 

(IgG4
a
). 

<SEQ ID NO: 106> 

SEQ ID NO: 106 shows the amino acid sequence of the CH (CH1-CH3) of a porcine 

antibody (IgG4
b
). 

<SEQ ID NO: 107> 

SEQ ID NO: 107 shows the nucleotide sequence of the CH (CH1-CH3) of a porcine antibody 

(IgG4
b
). 

<SEQ ID NO: 108> 

SEQ ID NO: 108 shows the amino acid sequence of the CH (CH1-CH3) of a porcine 

antibody (IgG5
a
). 

<SEQ ID NO: 109> 

SEQ ID NO: 109 shows the nucleotide sequence of the CH (CH1-CH3) of a porcine antibody 

(IgG5
a
). 

<SEQ ID NO: 110> 

SEQ ID NO: 110 shows the amino acid sequence of the CH (CH1-CH3) of a porcine 

antibody (IgG5
b
). 

<SEQ ID NO: 111> 

SEQ ID NO: 111 shows the nucleotide sequence of the CH (CH1-CH3) of a porcine antibody 

(IgG5
b
). 

<SEQ ID NO: 112> 

SEQ ID NO: 112 shows the amino acid sequence of the CH (CH1-CH3) of a porcine 

antibody (IgG6
a
). 

<SEQ ID NO: 113> 
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SEQ ID NO: 113 shows the nucleotide sequence of the CH (CH1-CH3) of a porcine antibody 

(IgG6
a
). 

<SEQ ID NO: 114> 

SEQ ID NO: 114 shows the amino acid sequence of the CH (CH1-CH3) of a porcine 

antibody (IgG6
b
). 

<SEQ ID NO: 115> 

SEQ ID NO: 115 shows the nucleotide sequence of the CH (CH1-CH3) of a porcine antibody 

(IgG6
b
). 

<SEQ ID NO: 116> 

SEQ ID NO: 116 shows the amino acid sequence of the light chain (estimated to be Ig 

lambda) constant region (CL) of a water buffalo antibody. 

<SEQ ID NO: 117> 

SEQ ID NO: 117 shows the nucleotide sequence of the light chain (estimated to be Ig 

lambda) constant region (CL) of a water buffalo antibody. 

<SEQ ID NO: 118> 

SEQ ID NO: 118 shows the amino acid sequence of the CH (CH1-CH3) of a water buffalo 

antibody (estimated to be IgG1). 

<SEQ ID NO: 119> 

SEQ ID NO: 119 shows the nucleotide sequence of the CH (CH1-CH3) of a water buffalo 

antibody (estimated to be IgG1). 

<SEQ ID NO: 120> 

SEQ ID NO: 120 shows the amino acid sequence of the CH (CH1-CH3) of a water buffalo 

antibody (estimated to be IgG2). 

<SEQ ID NO: 121> 

SEQ ID NO: 121 shows the nucleotide sequence of the CH (CH1-CH3) of a water buffalo 

antibody (estimated to be IgG2). 

<SEQ ID NO: 122> 

SEQ ID NO: 122 shows the amino acid sequence of the CH (CH1-CH3) of a water buffalo 

antibody (estimated to be IgG3). 

<SEQ ID NO: 123> 

SEQ ID NO: 123 shows the nucleotide sequence of the CH (CH1-CH3) of a water buffalo 

antibody (estimated to be IgG3). 

<SEQ ID NO: 124> 

SEQ ID NO: 124 shows the nucleotide sequence of primer boPD-L1-EGFP F. 
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<SEQ ID NO: 125> 

SEQ ID NO: 125 shows the nucleotide sequence of primer boPD-L1-EGFP R. 
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CLAIMS 

 

1.  An anti-PD-L1 antibody comprising (a) a light chain comprising CDR1 having the amino 

acid sequence of KSISKY (SEQ ID NO: 1), CDR2 having the amino acid sequence of 

SGS and CDR3 having the amino acid sequence of QQHNEYPLT (SEQ ID NO: 2) and 

(b) a heavy chain comprising CDR1 having the amino acid sequence of GYTFTDYI 

(SEQ ID NO: 3), CDR2 having the amino acid sequence of INPDSGGN (SEQ ID NO: 

4) and CDR3 having the amino acid sequence of  ARGITMMVVISHWKFDF (SEQ ID 

NO: 5). 

2.  The antibody of claim 1, which is derived from rat. 

3.  The antibody of claim 2, which is a rat anti-bovine PD-L1 antibody. 

4.  The antibody of claim 3, wherein the light chain variable region has the amino acid 

sequence as shown in SEQ ID NO. 6 and the heavy chain variable region has the amino 

acid sequence as shown in SEQ ID NO: 7. 

5.  The antibody of any one of claims 1 to 4, wherein the light chain constant region has the 

amino acid sequence of the constant region of kappa chain. 

6.  The antibody of any one of claims 1 to 5, wherein the heavy chain constant region has the 

amino acid sequence of the constant region of IgG2a. 

7.  The antibody of claim 5 or 6, wherein the light chain constant region has the amino acid 

sequence as shown in any one of SEQ ID NOS: 8, 10 to 12 and the heavy chain constant 

region has the amino acid sequence as shown in SEQ ID NO: 9 or 13. 

8.  The antibody of any one of claims 1 to 7 which has a four-chain structure comprising two 

light chains and two heavy chains. 

9.   A composition for detecting PD-L1, comprising the antibody of any one of claims 1 to 8 

as an active ingredient. 

10.  The composition of claim 9 for use in diagnosis of cancers and/or inflammations. 

11.  The composition of claim 10, wherein the cancers and/or inflammations are selected 

from the group consisting of neoplastic diseases, leukemia, Johne's disease, 

anaplasmosis, bacterial mastitis, mycotic mastitis, mycoplasma infections (such as 

mycoplasma mastitis, mycoplasma pneumonia or the like), tuberculosis, Theileria 

orientalis infection, cryptosporidiosis, coccidiosis, trypanosomiasis and leishmaniasis. 

12.  The composition of claim 9 for use in selecting subject animals suitable for therapy with 

anti-PD-L1 antibodies.  

13.  A DNA encoding the anti-PD-L1 antibody of claim 1. 
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14.  A vector comprising the DNA of claim 13. 

15.  A host cell transformed with the vector of claim 14. 

16.  A method of preparing an antibody, comprising culturing the host cell of claim 15 and 

collecting an anti-PD-L1 antibody from the resultant culture. 

17.  A DNA encoding the light chain of an anti-PD-L1 antibody, said light chain comprising 

CDR1 having the amino acid sequence of KSISKY (SEQ ID NO: 1), CDR2 having the 

amino acid sequence of SGS and CDR3 having the amino acid sequence of 

QQHNEYPLT (SEQ ID NO: 2). 

18.  A DNA encoding the heavy chain of an anti-PD-L1 antibody, said heavy chain 

comprising CDR1 having the amino acid sequence of GYTFTDYI (SEQ ID NO: 3), 

CDR2 having the amino acid sequence of INPDSGGN (SEQ ID NO: 4) and CDR3 

having the amino acid sequence of ARGITMMVVISHWKFDF (SEQ ID NO: 5). 

 

 


