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ANTIBODY LOCKER FOR THE INACTIVATION OF PROTEIN DRUG 

BACKGROUND OF THE INVENTION 

[0001] 1. FIELD OF THE INVENTION 

[0002] The present disclosure relates generally to antibody-based 

	

5 	molecules useful as therapeutics for treating various medical conditions. More 

particularly, the disclosed invention relates to hinge antibodies that are selectively 

activated in a target cell or tissue so as to treat the medical conditions therein. 

[0003] 2. DESCRIPTION OF RELATED ART 

[0004] Antibody-based therapeutic agents, including monoclonal antibodies, 

	

10 	are emerging as one of the major classes of drugs effective in the treatment of 

various diseases. Of the top 10 drugs by global sales in 2012, five are 

therapeutic antibodies, including, HUMIRATM, REMICADETM, RITUXANTm, 

HERCEPTIN Tm, and AVASTINTM. Said five drugs grossed about $45 billion 

around the globe, approximating 60% of the global antibody-based therapeutic 

	

is 	agent market in that year. The global market is expected to grow continuously as 

existing products expand their approved usage and new entrants launch into the 

marketplace. 

[0005] Although the field continues to advance, many challenges remain in 

order to bring more efficacious and affordable antibody-based candidates to the 

	

20 	market. One problem associated with current antibody-based therapeutic agents 

is the poor selectivity of site of action. Monoclonal antibodies and soluble fusion 

proteins are specific for binding to and neutralizing their intended target molecules 

(such as antigens and cell surface receptors). However, most target molecules 

are not specific to the disease site; rather, they may be present in cells or tissues 

	

25 	other than the disease site. Accordingly, the therapeutic agent may act in these 

non-disease normal cells or tissues. This off-target action may result in unwanted 

side effects. Consequently, developing highly targeted antibody-based 

therapeutic agents is desirable. 

[0006] One possible scheme of avoiding off-target action and increasing 

	

30 	selectivity is to provide a pro-antibody activatable in the target site. For example, 

U.S. Patent No. 8,399,219 and U.S. Patent Application Publication No. 

2010/0189651 disclose protease activatable antibodies that are modified by a 

peptide mask or masking moiety. In these documents, the phage display 
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technique is used to screen peptides or moieties capable of inhibiting/reducing the 

binding of the functional antibody to its binding target. However, the masking 

moieties obtained by such methods could not be universally applied to all 

antibodies for they are identified based on their inhibitory ability toward a specific 

	

5 	target. Therefore, it is necessary in their approach to develop a masking moiety 

for each antibody-based therapeutic agent, which is time consuming, expensive, 

and complicated. Additionally, the introduction of masking moieties runs the risk 

of inducing unnecessary immuno response to the subject. 

[0007] A similar approach is described in U.S. Patent Application 

	

10 	Publication No. 2010/0189727, which proposed a masking ligand non-covalently 

bound to an antigen binding site of an antibody so as to inactivate the antibody. 

In particular, the masking ligand comprises two copies of the epitope of the antigen 

to which the antibody specifically binds and a cleavable polypeptide cleavable 

linker joined to each copy of the epitope. Similar to the phage display technique 

	

is 	described above, the masking ligand also needs to be specifically designed with 

respect to each antibody, and hence the development of such inactivated antibody 

is also time-consuming and with high cost. Further, since the masking ligand has 

a high affinity toward the therapeutic antibody, there might be certain masking 

ligands attached to the antibody after the cleavage of the cleavable polypeptide 

	

20 	cleavable linker. These residual masking ligands may hinder the therapeutic 

action of the antibody. 

[0008] In view of the foregoing, there exists a need in the art for providing 

next generation therapeutics that are carefully designed and engineered to 

possess features such as improved selectivity of site of action as well as enhanced 

	

25 	efficacy. Further, such design and engineering schemes shall be applicable to a 

wide variety of antibody-based therapeutic agents, and would not incur unwanted 

immuno response. 

SUMMARY 

[0009] The following presents a simplified summary of the disclosure in 

	

30 	order to provide a basic understanding to the reader. This summary is not an 

extensive overview of the disclosure and it does not identify key/critical elements of 

the present invention or delineate the scope of the present invention. Its sole 
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purpose is to present some concepts disclosed herein in a simplified form as a 

prelude to the more detailed description that is presented later. 

[0010] In one aspect, the present disclosure is directed to a hinge antibody. 

This antibody-based therapeutic agent is capable of being selectively activated in a 

	

5 	target cell or tissue to treat a condition in the target cell or tissue. 

[0011] According to various embodiments of the present disclosure, the 

hinge antibody comprises a functional antibody, two inhibitory domains, and four 

cleavable linkers. The functional antibody is capable of treating the condition in 

an activated state and comprises two light chains and two heavy chains. Each of 

	

10 	the two inhibitory domains consists of two peptide arms interconnected by disulfide 

bonds. 	Each inhibitory domain consists of two peptide arms that are 

interconnected by disulfide bonds. Each of the four cleavable linkers comprises a 

peptide substrate cleavable by an enzyme that is specifically or highly expressed in 

the target cell or tissue. Each cleavable linker connects one of the two peptide 

	

is 	arms of the two inhibitory domains to the N-terminals of one of the two light chains 

and two heavy chains of the functional antibody. 

[0012] According to certain embodiments of the present disclosure, each of 

the two inhibitory domains is a hinge domain of an immunoglobulin A (IgA), an 

immunoglobulin D or an immunoglobulin G (IgG), or a fragment of the hinge 

	

20 	domain. For example, the inhibitory domain may comprise any of fowling 

sequences, SEQ ID Nos. 10, 11, 12 and 13 of IgG, 14 and 15 of IgA, and 54 and 

55 of IgD. 

[0013] In optional embodiments, the functional antibody is an anti-TNF-a 

antibody, anti-RANKL antibody, anti-CTLA-4 antibody, anti-HER2 antibody, 

25 anti-EGFR antibody, anti-VEGF antibody, anti-VEGFR2) antibody, anti-IL6R 

antibody, anti-IL12/23 antibody, anti-CD3 antibody, anti-CD11a antibody, 

anti-CD20 antibody, anti-CD25 antibody, anti-CD30 antibody, anti-CD33 antibody 

or anti-CD52 antibody. For example, the amino acid sequence of the light chain 

of the functional antibody is any of the amino acid sequences of SEQ ID Nos. 1, 2, 

	

30 	3, 4, 5, 6, 7, 8 and 9; while the amino acid sequence of the heavy chain of the 

functional antibody is any of the amino acid sequences of SEQ ID Nos. 58, 59, 60, 

61, 62, 63, 64, 65 and 66. 
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[0014] In certain embodiments, the peptide substrate is cleavable by any of 

the following enzyme: a matrix metalloproteinase (MMP), a cathepsin (CTS), a 

caspase (CASP), or a disintegrin and metalloproteinase (ADAM). For example, 

according to some embodiments, the enzyme is MMP-2 or MMP-9 and each 

	

5 	cleavable linker comprises the amino acid sequence of SEQ ID No. 16. 

[0015] According to some embodiments of the present disclosure, the 

functional antibody is an anti-TNF-a antibody, which has a light chain having the 

amino acid sequence of SEQ ID No. 1 and a heavy chain having the amino acid 

sequence of SEQ ID No. 58, each of the cleavable linkers comprises the amino 

	

10 	acid sequence of SEQ ID No. 16; and each of the inhibitory domain comprises the 

amino acid sequence of SEQ ID No. 10. 

[0016] In another aspect, the present disclosure is directed to an expression 

system for producing the hinge antibodies according to the above 

aspect/embodiments of the present disclosure. 

	

15 	 [0017] According to various embodiments of the present disclosure, the 

expression system for producing comprises a first nucleic acid sequence and a 

second nucleic acid sequence. The first nucleic acid sequence, comprising, from 

5' to 3', a first inhibitory domain-encoding region, a first cleavable linker-encoding 

region and a light chain-encoding region. The first inhibitory domain-encoding 

	

20 	region encodes a first peptide arm of an inhibitory domain of any of the 

above-described hinge antibodies. The first cleavable linker-encoding region 

encodes a cleavable linker of the above-mentioned hinge antibody, and the 

cleavable linker is a peptide substrate cleavable by an enzyme that is specifically 

or highly expressed in the target cell or tissue. The light chain-encoding region 

	

25 	encodes a light chain of a functional antibody of the above-mentioned hinge 

antibody, in which the functional antibody is capable of treating the condition in an 

activated state. The second nucleic acid sequence, comprising, from 5' to 3', a 

second inhibitory domain inhibitory domain-encoding region, a second cleavable 

linker-encoding region and a heavy chain-encoding region. The second inhibitory 

	

30 	domain-encoding region encodes a second peptide arm of the inhibitory domain of 

the hinge antibody. The second cleavable linker-encoding region encodes the 

cleavable linker of the hinge antibody. The heavy chain-encoding region encodes 

a heavy chain of the functional antibody of the hinge antibody. 
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[0018] In some optional embodiments of the present disclosure, the first and 

second nucleic acid sequences can be constructed in a single expression vector. 

For example, the expression system may further comprise a connecting nucleic 

acid sequence that connects the first nucleic acid sequence and the second 

	

5 	nucleic acid sequence. Non-limiting examples of the connecting nucleic acid 

sequence include a sequence encoding a Furin-2A polypeptide or an internal 

ribosome entry site (IRES) sequence. 

[0019] In the case where the first and second nucleic acid sequences are 

constructed in a single expression vector, the expression system may further 

	

10 	optionally comprise a regulatory sequence operably linked to the first nucleic acid 

sequence and the second nucleic acid sequence, so as to regulate the translation 

of the first nucleic acid sequence, the second nucleic acid sequence, and, 

optionally, the connecting nucleic acid sequence in a host cell. Alternatively, the 

expression system may comprise at least two separate regulatory sequences 

	

is 	operably linked to the first and the second nucleic acid sequences, respectively, to 

allow the individual regulation of the expression of the first and second nucleic acid 

sequences. 

[0020] In some other embodiments, the first and second nucleic acid 

sequences may be constructed in two separate expression vectors. For instance, 

	

20 	the first nucleic acid sequence, together with an operably-linked first regulatory 

sequence is constructed in a first expression vector, while the second nucleic acid 

sequence, along with an operably-linked second regulatory sequence is 

constructed in a second expression vector. The first and second expression 

vectors may then be delivered into and expressed in a same host cell or different 

	

25 	host cells. 

[0021] According to certain embodiments of the present disclosure, the 

inhibitory domain is a hinge domain of an immunoglobulin A (IgA), an 

immunoglobulin D or an immunoglobulin G (IgG), or a fragment of the hinge 

domain. 

	

30 	 [0022] According to various embodiments of the present disclosure, the 

expression system encodes any of the above-mentioned hinge antibodies. For 

example, when the expression system is embodied by a single construct, the 

nucleic acid sequence of the construct can be any of SEQ ID Nos. 17, 18, 19, 20, 
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21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 

43, 44, 45, 46, 47, 48, 49 and 50. In the case where expression system is 

embodied as a two-vector (or two-plasmid) system, the first nucleic acid sequence 

is any of SEQ ID Nos. 67, 69, 71, 73, 75, and 77; whereas the second nucleic acid 

	

5 	sequence is any of SEQ ID Nos. 68, 70, 72, 74, 76 and 78. 

[0023] In yet another aspect, the present disclosure is directed to a 

recombinant vector suitable for use in manufacturing the hinge antibodies 

according to the above aspect/embodiments of the present disclosure. 

[0024] According to certain embodiments of the present disclosure, the 

	

10 	recombinant vector comprises the synthetic nucleic acid molecule according to the 

above-mentioned aspect/embodiments of the present disclosure, and one or more 

regulatory sequences operatively linked to the synthetic nucleic acid molecule, so 

that the vector, under suitable conditions and in an appropriate host cell, is capable 

of expressing the hinge antibody according to the above-mentioned 

	

15 	aspect/embodiments of the present disclosure. 

[0025] In still another aspect, the present invention is directed to a method 

for treating a subject; in particular, a subject with cancer or an autoimmune 

disease. 

[0026] According to some embodiments of the present invention, the 

	

20 	method comprises administering to the subject a therapeutically effective amount 

of the hinge antibodies according to the above aspect/embodiments of the present 

disclosure. 	For example, the hinge antibody may be administered orally, 

subcutaneously, intravenously, intrathecally or intramuscularly to the subject. 

[0027] Many of the attendant features and advantages of the present 

	

25 	disclosure will becomes better understood with reference to the following detailed 

description considered in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] The present description will be better understood from the following 

detailed description read in light of the accompanying drawings, where: 

	

30 	 [0029] Figure 1 is a schematic diagram illustrating the structure of a hinge 

antibody according to certain embodiments of the present disclosure; 

[0030] Figure 2 is a schematic diagram illustrating the design scheme of the 

hinge antibody according to embodiments of the present disclosure; 
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[0031] Figure 3 is a schematic diagram illustrating a nucleic acid molecule 

encoding a hinge antibody according to certain embodiments of the present 

disclosure; 

[0032] Figure 4 is a schematic diagram illustrating the overall structure of a 

	

5 	hinge antibody according to one embodiment of the present disclosure; 

[0033] Figure 5 is a photograph of an SDS PAGE gel according to one 

working example of the present disclosure; 

[0034] Figure 6 is a photograph of two SDS PAGE gels according to one 

working example of the present disclosure; 

	

10 	 [0035] Figure 7 is a bar graph illustrating the binding capacity of various 

antibodies according to one working example of the present disclosure; 

[0036] Figure 8 is a bar graph illustrating the TNF-a signal according to one 

working example of the present disclosure; 

[0037] Figure 9 is a bar graph illustrating the binding capacity of various 

	

is 	antibodies according to another working example of the present disclosure; 

[0038] Figure 10 is a bar graph illustrating the binding capacity of various 

antibodies according to yet another working example of the present disclosure; 

[0039] Figure 11 provides photographs illustrating the in vivo localization 

and activation of hinge-aEGFR antibody at the tumor site of mice, according to one 

	

20 	Example of the present disclosure; and 

[0040] Figure 12 is line graph indicating the in vivo anti-inflammatory effects 

of hinge-TNFa antibody against collagen-induced arthritis. 

[0041] In accordance with common practice, the various described 

features/elements are not drawn to scale but instead are drawn to best illustrate 

	

25 	specific features/elements relevant to the present invention. Also, like reference 

numerals and designations in the various drawings are used to indicate like 

elements/parts. 

DESCRIPTION 

[0042] The detailed description provided below in connection with the 

	

30 	appended drawings is intended as a description of the present examples and is not 

intended to represent the only forms in which the present example may be 

constructed or utilized. The description sets forth the functions of the example 

and the sequence of steps for constructing and operating the example. However, 
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the same or equivalent functions and sequences may be accomplished by different 

examples. 

[0043] For convenience, certain terms employed in the specification, 

examples and appended claims are collected here. Unless defined otherwise, all 

	

5 	technical and scientific terms used herein have the same meaning as commonly 

understood by one of the ordinary skill in the art to which this invention belongs. 

[0044] Unless otherwise defined herein, scientific and technical 

terminologies employed in the present disclosure shall have the meanings that are 

commonly understood and used by one of ordinary skill in the art. Unless 

	

10 	otherwise required by context, it will be understood that singular terms shall include 

plural forms of the same and plural terms shall include the singular. Specifically, 

as used herein and in the claims, the singular forms "a" and "an" include the plural 

reference unless the context clearly indicates otherwise. Also, as used herein 

and in the claims, the terms "at least one" and "one or more" have the same 

	

is 	meaning and include one, two, three, or more. 

[0045] Notwithstanding that the numerical ranges and parameters setting 

forth the broad scope of the invention are approximations, the numerical values set 

forth in the specific examples are reported as precisely as possible. Any 

numerical value, however, inherently contains certain errors necessarily resulting 

	

20 	from the standard deviation found in the respective testing measurements. Also, 

as used herein, the term "about" generally means within 10%, 5%, 1%, or 0.5% of 

a given value or range. Alternatively, the term "about" means within an 

acceptable standard error of the mean when considered by one of ordinary skill in 

the art. 

	

25 	 [0046] The term "antibody-based therapeutic agent" is intended to mean a 

therapeutic agent that inhibits the pharmacological actions of endogenous human 

proteins or pathogens. 	Said "therapeutic agent," when present in a 

therapeutically effective amount, produces a desired therapeutic effect on a 

subject. For the purpose of the present disclosure, antibody-based therapeutic 

	

30 	agents encompass antibodies and fusion proteins that are highly specific for 

binding to and neutralizing their intended target molecules. 

[0047] The term "antibody" as used herein includes full-length antibodies 

and any antigen binding fragment or single chains thereof. The basic functional 
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unit of each antibody is an immunoglobulin monomer which is a Y-shaped 

molecule consisting of two heavy chains and two light chains interconnected by 

disulfide bonds. A "functional antibody" encompasses a full-length antibody or 

one or more fragments of the antibody that maintain the specific binding ability 

	

5 	thereof; example of such functional fragments including Fab (antigen-binding 

fragment), Fv (variable fragment), and F(ab')2, Fab', scFv (single chain fragment 

variable), and the like. An antibody may be monoclonal or polyclonal and may be 

of human or non-human origin or a chimeric protein. 

[0048] Here, a "cleavable linker" is a peptide substrate cleavable by an 

	

10 	enzyme. Operatively, the cleaveable linker, upon being cleaved by the enzyme, 

allows for activation of the present hinge antibody. Preferably, the cleaveable 

linker is selected so that activation occurs at the desired site of action, which can 

be a site in or near the target cells (e.g., carcinoma cells) or tissues. For example, 

the cleaveable linker is a peptide substrate specific for an enzyme that is 

	

is 	specifically or highly expressed in the site of action, such that the cleavage rate of 

the cleavable linker in the target site is greater than that in sites other than the 

target site. 

[0049] The term "ligand" means any molecule that specifically binds or 

reactively associates or complexes with a receptor, substrate, antigenic 

	

20 	determinant, or other binding site on a target cell or tissue. Examples of ligands 

include antibodies and fragments thereof (e.g., a monoclonal antibody or fragment 

thereof), enzymes (e.g., fibrinolytic enzymes), biologic response modifiers (e.g., 

interleukins, interferons, erythropeoitin, or colony stimulating factors), peptide 

hormones, and antigen-binding fragments thereof. 

	

25 	 [0050] As used herein, the term "nucleic acid" designates single- or 

double-stranded RNA, mRNA, and DNA including cDNA and genomic DNA. 

Unless otherwise indicated, a particular nucleic acid sequence also implicitly 

encompasses conservatively modified variants thereof (e.g., degenerate codon 

substitutions) and complementary sequences, as well as the sequence explicitly 

	

30 	indicated. Also, the left-hand end of single-stranded polynucleotide sequences is 

the 5' end; the left-hand direction of double-stranded polynucleotide sequences is 

referred to as the 5' direction, unless specified otherwise. 
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[0051] The terms "polypeptide," "peptide" and "protein" are used 

interchangeably herein to refer to a polymer of amino acid residues. These terms 

also encompass the term "antibody." The term "amino acid" refers to naturally 

occurring and synthetic amino acids, as well as amino acid analogs and amino 

	

5 	acid mimetics that function in a manner similar to the naturally occurring amino 

acids. In the polypeptide notation used herein, the left-hand direction is the amino 

(N)- terminal direction and the right-hand direction is the carboxyl (C)-terminal 

direction, in accordance with standard usage and convention. 

[0052] Throughout the present disclosure, the term "synthetic" nucleic acid 

	

10 	or amino acid means a nucleic acid or amino acid sequence that is not found in 

nature. It is intended that synthetic sequences designed by the method be 

included in the invention in any form, e.g., paper or computer readable, and 

physically created nucleic acids or polypeptides. Physically created nucleic acids 

and polypeptides of the invention are part of the invention, whether derived directly 

	

is 	from the designed sequence, or copies of such sequences (e.g., made by PCR, 

plasmid replication, chemical synthesis, and the like). The term "synthetic nucleic 

acid" can include, for example, nucleic acid sequences derived or designed from 

wholly artificial amino acid sequences, or nucleic acid sequences with single or 

multiple nucleotide changes as compared to the naturally occurring sequence, 

20 those created by random or directed mutagenesis, chemical synthesis, DNA 

shuffling methods, DNA reassembly methods, or by any means known to one of 

skill in the art. Such alterations can be done without changing the amino acid 

sequence encoded by the nucleic acid sequence, or can modify the amino acid 

sequence to leave a desired function of the encoded protein unaltered or 

	

25 	enhanced. 

[0053] As used herein, the term "vector" refers to composition of matter (e.g., 

phage, plasmid, viral vectors as well as artificial chromosomes, such as bacterial 

or yeast artificial chromosomes) used to transmit genetic material into a host cell. 

A vector may be composed of either DNA or RNA. The vector may be introduced 

	

30 	into a host cell by various techniques well known in the art. The regulatory 

sequence of a vector is a nucleic acid sequence required for expression of a target 

gene product operably linked thereto. The term "operatively linked" as used 

herein means that the regulatory nucleic acid and the nucleic acid of interest are 

10 
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linked so that the expression of the said nucleic acid of interest can be governed by 

the said regulatory nucleic acid, i.e. the regulatory nucleic acid sequence shall be 

functionally linked to the said nucleic acid sequence to be expressed. 

Accordingly, the regulatory nucleic acid sequence and, the nucleic acid sequence 

	

5 	to be expressed may be physically linked to each other, e.g., by inserting the 

regulatory nucleic acid sequence at the 5'end of the nucleic acid sequence to be 

expressed. Alternatively, the regulatory nucleic acid sequence and the nucleic 

acid to be expressed may be merely in physical proximity so that the regulatory 

nucleic acid sequence is capable of governing the expression of at least one 

	

10 	nucleic acid sequence of interest. The regulatory nucleic acid sequence and the 

nucleic acid to be expressed are, preferably, separated by not more than 500 bp, 

300 bp, 100 bp, 80 bp, 60 bp, 40 bp, 20 bp, 10 bp or 5 bp. 

[0054] The term "treating" as used herein refers to the application or 

administration of the present hinge antibody to a subject, who has a medical 

	

15 	condition, a symptom of the condition, a disease or disorder secondary to the 

condition, or a predisposition toward the condition, with the purpose to partially or 

completely alleviate, ameliorate, relieve, delay onset of, inhibit progression of, 

reduce severity of, and/or reduce incidence of one or more symptoms or features 

of a particular disease, disorder, and/or condition. Generally, a "treatment" 

20 includes not just the improvement of symptoms or decrease of markers of the 

disease, but also a cessation or slowing of progress or worsening of a symptom 

that would be expected in absence of treatment. Beneficial or desired clinical 

results include, but are not limited to, alleviation of one or more symptom(s), 

diminishment of extent of disease, stabilized (i.e., not worsening) state of disease, 

	

25 	delay or slowing of disease progression, amelioration or palliation of the disease 

state, and remission (whether partial or total), whether detectable or undetectable. 

[0055] The term "effective amount" as used herein refers to the quantity of a 

component which is sufficient to yield a desired therapeutic response. A 

therapeutically effective amount is also one in which any toxic or detrimental 

	

30 	effects of the compound or composition are outweighed by the therapeutically 

beneficial effects. The specific effective or sufficient amount will vary with such 

factors as the particular condition being treated, the physical condition of the 

patient (e.g., the patient's body mass, age, or gender), the type of mammal or 
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animal being treated, the duration of the treatment, the nature of concurrent 

therapy (if any), and the specific formulations employed and the structure of the 

compounds or its derivatives. Effective amount may be expressed, for example, 

in grams, milligrams or micrograms or as milligrams per kilogram of body weight 

	

5 	(mg/kg). 

[0056] The term "subject" refers to a mammal including the human species 

that is treatable with the hinge antibody and/or methods of the present invention. 

The term "subject" is intended to refer to both the male and female gender unless 

one gender is specifically indicated. 

	

10 	 [0057] The present invention is directed to hinge antibodies that are 

selectively activatable in a target cell or tissue. Methods and composition of 

matters (e.g., nucleic acid sequences and vectors) for preparing the present hinge 

antibodies, the pharmaceutical compositions comprising the hinge antibodies, as 

well treating methods using the same, also fall within the scope of the present 

	

15 	invention. 

[0058] Figure 1 is a schematic diagram illustrating the general structure of 

the hinge antibody 100 according to certain embodiments of the present invention, 

and Figure 2 is a schematic diagram illustrating the design scheme and action 

mechanism of the hinge antibody 100. As illustrated in Figure 1, the hinge 

	

20 	antibody 100 comprises a functional antibody 110, two inhibitory domains 120, and 

four cleavable linkers 130 connecting the inhibitory domains 120 to the functional 

antibody 110. Referring to Figure 2, in the original, uncleaved form, the binding 

ability of said hinge antibody 100 toward its target ligand (L) is substantially 

inhibited (inactivated). Once the hinge antibody 100 is administered to a subject 

	

25 	and reaches the target site, an enzyme (E) that is specifically or highly expressed 

in the target site would cleave the hinge antibody 100 at the cleavable linkers 130. 

This enzymatic cleavage of the hinge antibody 100 removes the inhibitory domains 

120 from the hinge antibody 100 and results in a functional antibody 110 with the 

binding affinity to the ligand (L). Therefore, the therapeutic effect of the functional 

	

30 	antibody 110 can be restored at the disease site. 

[0059] Referring back to Figure 1, the functional antibody 110 is a full-length 

antibody or comprises one or more functional fragment of an antibody for treating a 

condition in an activated state. 	In structure, the functional antibody 110 
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comprises two light chains 112 and two heavy chains 114 connected by disulfide 

bonds. In particular, the two heavy chains 114 are connected by one or more 

disulfide bonds (116) in a hinge region. 

[0060] Preferably, the functional antibody 110 is therapeutic antibody for 

	

5 	treating one or more conditions in a subject. The functional antibody 110 could be 

the full-length therapeutic antibody, or a functional fragment thereof. Non-limiting 

examples of the functional antibody 110 include: anti-tumor necrosis factor-alpha 

(anti-TNF-a) antibody (e.g., infliximab, adalimumab, certolizumab pegol and 

golimumab), anti-receptor activator of NFKb ligand (anti-RANKL) antibody (e.g., 

	

10 	denosumab), anti-cytotoxic T lymphocyte-associated antigen-4 (anti-CTLA-4) 

antibody (e.g., tremelimumab and ipilimumab), anti-human epidermal growth factor 

receptor (anti-HER2) antibody (e.g., pertuzumab, trastuzumab and trastuzumab 

emtansine), anti-epidermal growth factor receptor (anti-EGFR) antibody (e.g., 

panitumumab, cetuximab, zalutumumab and necitumumab), anti-vascular 

	

15 	endothelial cell growth factor (anti-VEGF) antibody (e.g., bevacizumab and 

ranibizumab), anti-vascular endothelial cell growth factor receptor 2 (anti-VEGFR2) 

antibody (e.g., ramucirumab), anti-interleukin 6 receptor (anti-IL6R) antibody (e.g., 

Regeneron and Tocilizumab), anti-interleukin 12/23 (anti-IL12/23) antibody (e.g., 

ustekinumab and briakinumab), anti-cluster of differentiation 3 (anti-CD3) antibody 

	

20 	(e.g., otelixizumab, teplizumab and muromonab-CD3), anti-CD11a antibody (e.g., 

efalizumab), anti-CD20 antibody (e.g., obinutuzumab, ofatumumab, 

tositumomab-i131, ibritumomab tiuxetan and rituximab), anti-CD25 (also known as 

anti-IL2R) antibody (e.g., basiliximab and daclizumab), anti-CD30 antibody (e.g., 

brentuximab vedotin), anti-CD33 antibody (e.g., gemtuzumab ozogamicin) and 

	

25 	anti-CD52 antibody (e.g., alemtuzumab). It should be noted that this is not an 

exhaustive list of the therapeutic antibodies suitable for use as the functional 

antibody 110 described herein; rather, other antibodies having the structure 

described above are equally applicable to the present invention. 

[0061] Diseases or medical conditions treatable by one or more of the 

	

30 	above-mentioned therapeutic antibodies include, but are not limited to, advanced 

melanoma (e.g., by ipilimumab), bone loss (e.g., by denosumab), breast cancer 

(e.g., by trastuzumab, trastuzumab emtansine, pertuzumab or ramucirumab), 

chronic lymphocytic leukemia (e.g., by obinutuzumab or ofatumumab), colorectal 
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cancer (e.g., by panitumumab, cetuximab or bevacizumab), Crohn disease (e.g., 

by infliximab or certolizumab pegol), gastric or gastroesophageal junction 

adenocarcinoma (e.g., by ramucirumab), head and neck cancer (e.g., by 

zalutumumab), hepatocellular carcinoma (e.g., by ramucirumab), Hodgkin 

5 lymphoma (e.g., by brentuximab vedotin), macular degeneration (e.g., by 

ranibizumab), metastatic melanoma (e.g., by tremelimumab), myeloid leukemia 

(e.g., by gemtuzumab ozogamicin or alemtuzumab), non-Hodgkin lymphoma (e.g., 

by ositumomab-i131, ibritumomab tiuxetan or rituximab), non-small cell lung 

cancer (e.g., by necitumumab), psoriasis (e.g., by efalizumab), plaque psoriasis 

10 

	

	(e.g., by ustekinumab or briakinumab), reversal or prevention of kidney transplant 

rejection (e.g., by muromonab-cd3, basiliximab or daclizumab), rheumatoid 

arthritis (e.g., by tocilizumab, golimumab or adalimumab) and type 1 diabetes 

mellitus (e.g., by otelixizumab or teplizumab). 

[0062] In certain embodiments, the functional antibody 110 is an anti-TNF-a 

15 

	

	antibody having the amino acid sequence of SEQ ID No. 1 (i.e., infliximab light 

chain) and the amino acid sequence of SEQ ID No. 58 (i.e., infliximab heavy chain), 

an anti-EGFR antibody having the amino acid sequence of SEQ ID No. 2 (i.e., 

panitumumab light chain) and the amino acid sequence of SEQ ID No. 59 (i.e., 

panitumumab heavy chain), an anti-HER2 antibody having the amino acid 

20 

	

	sequence of SEQ ID No. 3 (i.e., trastuzumab light chain) and the amino acid 

sequence of SEQ ID No. 60 (i.e., trastuzumab heavy chain), an anti-TNF-a 

antibody having the amino acid sequence of SEQ ID No. 4 (i.e., adalimumab light 

chain) and the amino acid sequence of SEQ ID No. 61 (i.e., adalimumab heavy 

chain), an anti-RANKL antibody having the amino acid sequence of SEQ ID No. 5 

25 

	

	(i.e., denosumab light chain) and the amino acid sequence of SEQ ID No. 62 (i.e., 

denosumab heavy chain), an anti-CTLA-4 antibody having the amino acid 

sequence of SEQ ID No. 6 (i.e., ipilimumab light chain) and the amino acid 

sequence of SEQ ID No. 63 (i.e., ipilimumab heavy chain), an anti-CTLA-4 

antibody having the amino acid sequence of SEQ ID No. 7 (i.e., tremelimumab 

30 

	

	(a.k.a., ticilimumab) light chain) and the amino acid sequence of SEQ ID No. 

tremelimumab (i.e., tremelimumab heavy chain), an anti-CD11a antibody of SEQ 

ID No. 8 (i.e., efalizumab light chain) and the amino acid sequence of SEQ ID No. 

65 (i.e., efalizumab heavy chain), or an anti-IL12/23 antibody of SEQ ID No. 9 (i.e., 

14 
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cancer (e.g., by panitumumab, cetuximab or bevacizumab), Crohn disease (e.g., 

by infliximab or certolizumab pegol), gastric or gastroesophageal junction 

adenocarcinoma (e.g., by ramucirumab), head and neck cancer (e.g., by 

zalutumumab), hepatocellular carcinoma (e.g., by ramucirumab), Hodgkin 

5 lymphoma (e.g., by brentuximab vedotin), macular degeneration (e.g., by 

ranibizumab), metastatic melanoma (e.g., by tremelimumab), myeloid leukemia 

(e.g., by gemtuzumab ozogamicin or alemtuzumab), non-Hodgkin lymphoma (e.g., 

by ositumomab-i131, ibritumomab tiuxetan or rituximab), non-small cell lung 

cancer (e.g., by necitumumab), psoriasis (e.g., by efalizumab), plaque psoriasis 

10 (e.g., by ustekinumab or briakinumab), reversal or prevention of kidney transplant 

rejection (e.g., by muromonab-cd3, basiliximab or daclizumab), rheumatoid 

arthritis (e.g., by tocilizumab, golimumab or adalimumab) and type 1 diabetes 

mellitus (e.g., by otelixizumab or teplizumab). 

[0062] In certain embodiments, the functional antibody 110 is an anti-TNF-a 

15 antibody having the amino acid sequence of SEQ ID No. 1 (i.e., infliximab light 

chain) and the amino acid sequence of SEQ ID No. 58 (i.e., infliximab heavy chain), 

an anti-EGFR antibody having the amino acid sequence of SEQ ID No. 2 (i.e., 

panitumumab light chain) and the amino acid sequence of SEQ ID No. 59 (i.e., 

panitumumab heavy chain), an anti-HER2 antibody having the amino acid 

20 sequence of SEQ ID No. 3 (i.e., trastuzumab light chain) and the amino acid 

sequence of SEQ ID No. 60 (i.e., trastuzumab heavy chain), an anti-TNF-a 

antibody having the amino acid sequence of SEQ ID No. 4 (i.e., adalimumab light 

chain) and the amino acid sequence of SEQ ID No. 61 (i.e., adalimumab heavy 

chain), an anti-RANKL antibody having the amino acid sequence of SEQ ID No. 5 

25 (i.e., denosumab light chain) and the amino acid sequence of SEQ ID No. 62 (i.e., 

denosumab heavy chain), an anti-CTLA-4 antibody having the amino acid 

sequence of SEQ ID No. 6 (i.e., ipilimumab light chain) and the amino acid 

sequence of SEQ ID No. 63 (i.e., ipilimumab heavy chain), an anti-CTLA-4 

antibody having the amino acid sequence of SEQ ID No. 7 (i.e., tremelimumab 

30 (a.k.a., ticilimumab) light chain) and the amino acid sequence of SEQ ID No. 

tremelimumab (i.e., tremelimumab heavy chain), an anti-CD11a antibody of SEQ 

ID No. 8 (i.e., efalizumab light chain) and the amino acid sequence of SEQ ID No. 

65 (i.e., efalizumab heavy chain), or an anti-IL12/23 antibody of SEQ ID No. 9 (i.e., 
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ustekinumab light chain) and the amino acid sequence of SEQ ID No. 66 (i.e., 

ustekinumab heavy chain). 

[0063] As illustrated in Figure 1, each inhibitory domain 120 consists of two 

peptide arms 122. In the illustrated example, the two peptides arms 122 are 

	

5 	interconnected by disulfide bonds 124; however, the present invention is not 

limited thereto. According to certain embodiments of the present disclosure, the 

inhibitory domain 120 is, or comprises a portion of, a hinge domain of an 

immunoglobulin; such as immunoglobulin A (IgA), immunoglobulin D (IgD), or 

immunoglobulin G (IgG). According to various embodiments of the present 

	

10 	disclosure, the IgA is IgA1 (SEQ ID No. 14) or IgA2 (SEQ ID No. 15), the IgG is 

IgG1 (SEQ ID No. 10), IgG2 (SEQ ID No. 11), IgG3 (SEQ ID No. 12) or IgG4 (SEQ 

ID No. 13); whereas the IgD is IgD1 (SEQ ID No. 54) or IgD2 (SEQ ID No. 55). 

[0064] The hinge structures of the inhibitory domains 120, upon being 

attached to the functional antibody 110, sterically mask the ligand-binding site of 

	

15 	the functional antibody 110. Hence, the hinge antibody 100, in the uncleaved 

state, exhibits little, if any, interaction with the intended ligand. According to 

working examples provided herein, in the uncleaved state, the binding ability of the 

functional antibody 110 toward its ligand is reduced by at least about 70%, 71%, 

72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84, 85%, 

20 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% 

and even 100. 

[0065] According to various embodiments of the present disclosure, when 

the functional antibody 110 is coupled to the inhibitory domain 120 and in the 

presence of its intended ligand, there is no binding or substantially no binding of 

	

25 	the functional antibody 110 to its ligand, or no more than 0.001%, 0.02%, 0.1%, 1%, 

2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 

18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, or 30% 

binding of the functional antibody 110 to its ligand, as compared to the binding of 

the functional antibody 110 not coupled to the inhibitory domain 120. 

	

30 	 [0066] Another advantageous of the present inhibitory domain 120 lies in its 

versatile applicability. As could be appreciated, the inhibitory domain 120 is not 

designed based on its specific interaction with the functional antibody 110 and/or 

the intended ligand of the functional antibody 110, and hence, the inhibitory activity 

15 
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ustekinumab light chain) and the amino acid sequence of SEQ ID No. 66 (i.e., 

ustekinumab heavy chain). 

[0063] As illustrated in Figure 1, each inhibitory domain 120 consists of two 

peptide arms 122. In the illustrated example, the two peptides arms 122 are 

5 interconnected by disulfide bonds 124; however, the present invention is not 

limited thereto. According to certain embodiments of the present disclosure, the 

inhibitory domain 120 is, or comprises a portion of, a hinge domain of an 

immunoglobulin; such as immunoglobulin A (IgA), immunoglobulin D (IgD), or 

immunoglobulin G (IgG). According to various embodiments of the present 

10 disclosure, the IgA is lgA1 (SEQ ID No. 14) or lgA2 (SEQ ID No. 15), the IgG is 

IgG 1 (SEQ ID No. 10), lgG2 (SEQ ID No. 11), lgG3 (SEQ ID No. 12) or lgG4 (SEQ 

ID No. 13); whereas the IgD is lgD1 (SEQ ID No. 54) or lgD2 (SEQ ID No. 55). 

[0064] The hinge structures of the inhibitory domains 120, upon being 

attached to the functional antibody 110, sterically mask the ligand-binding site of 

15 the functional antibody 110. Hence, the hinge antibody 100, in the uncleaved 

state, exhibits little, if any, interaction with the intended ligand. According to 

working examples provided herein, in the uncleaved state, the binding ability of the 

functional antibody 110 toward its ligand is reduced by at least about 70%, 71%, 

72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84, 85%, 

20 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% 

and even 100. 

[0065] According to various embodiments of the present disclosure, when 

the functional antibody 110 is coupled to the inhibitory domain 120 and in the 

presence of its intended ligand, there is no binding or substantially no binding of 

25 the functional antibody 110 to its ligand, or no more than 0.001%, 0.02%, 0.1%, 1%, 

2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 

18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, or 30% 

binding of the functional antibody 110 to its ligand, as compared to the binding of 

the functional antibody 110 not coupled to the inhibitory domain 120. 

30 [0066] Another advantageous of the present inhibitory domain 120 lies in its 

versatile applicability. As could be appreciated, the inhibitory domain 120 is not 

designed based on its specific interaction with the functional antibody 110 and/or 

the intended ligand of the functional antibody 110, and hence, the inhibitory activity 
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is not dependent on the functional antibody 110. Also, most therapeutic 

antibodies share common and similar backbones, facilitating the attachment of the 

inhibitory domain 120 thereto. 

[0067] In addition to the desirable inhibitory activity and versatile 

	

5 	applicability, the present inhibitory domain 120 is also advantageous in that it is 

derived from the hinge region of the immunoglobulin. 	Hence, unlike the 

exogenous masking ligands in the prior art, the present inhibitory domain 120 will 

not elicit unwanted immuno response in the subject. 

[0068] The inhibitory domain 120 is attached to the functional antibody 

	

10 	through the cleavable linker 130. Specifically, each of the four cleavable linkers 

130 connects one of the two peptide arms 122 of the two inhibitory domains 120 to 

the N-terminals one of the two light chains 112 and two heavy chains 114 of the 

functional antibody 110. The cleavable linker 130 comprises a peptide substrate 

cleavable by an enzyme that is specifically or highly expressed in the target cell or 

	

15 	tissue (such as lesion site of the subject) such that the hinge antibody 100 is 

activatable in the target cell or tissue. 

[0069] As discussed above, the attachment of the inhibitory domains 120 

with the functional antibody 110 results in the inhibition of the binding of the 

functional antibody 110 toward its intended ligand. However, once the enzyme 

	

20 	digests the cleavable linker 130, the inhibitory domains 120 detach from the hinge 

antibody 100, thereby restoring the binding ability of the functional antibody 110. 

[0070] In certain embodiments, the peptide substrate is cleavable by any of 

the following enzyme: a matrix metalloproteinase (e.g., MMP-1, MMP-2, MMP-3, 

MMP-7, MMP-8, MMP-9, MMP-13 and MMP-14), a cathepsin (e.g., CTS A, CTS B, 

	

25 	CTS D, CTS E and CTS K), a caspase (e.g., CASP-1, CASP-2, CASP-3, CASP-4, 

CAS P-5, CAS P-6, CAS P-7 , CAS P-7, CAS P-9, CAS P-10, CAS P-11 , CAS P-12, 

CASP-13 and CASP-14), or a disintegrin and metalloproteinase (e.g., ADAM-10, 

ADAM-12, ADAM-17, ADAM-TS and ADAM-TS5). 

[0071] Matrix metalloproteinases (MMPs) are a family of zinc-dependent 

	

30 	endopeptidases that degrade matrix proteins. MMPs include collagenases, 

gelatinases, matrilysins, enamelysins, metalloelastases, stromelysins and other 

structural protein and receptor lysins. MMPs involve in the breakdown of 

extracellular matrix in normal physiological processes, such as embryonic 
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is not dependent on the functional antibody 110. Also, most therapeutic 

antibodies share common and similar backbones, facilitating the attachment of the 

inhibitory domain 120 thereto. 

[0067] In addition to the desirable inhibitory activity and versatile 

5 applicability, the present inhibitory domain 120 is also advantageous in that it is 

derived from the hinge region of the immunoglobulin. Hence, unlike the 

exogenous masking ligands in the prior art, the present inhibitory domain 120 will 

not elicit unwanted immuno response in the subject. 

[0068] The inhibitory domain 120 is attached to the functional antibody 

10 through the cleavable linker 130. Specifically, each of the four cleavable linkers 

130 connects one of the two peptide arms 122 of the two inhibitory domains 120 to 

the N-terminals one of the two light chains 112 and two heavy chains 114 of the 

functional antibody 110. The cleavable linker 130 comprises a peptide substrate 

cleavable by an enzyme that is specifically or highly expressed in the target cell or 

15 tissue (such as lesion site of the subject) such that the hinge antibody 100 is 

activatable in the target cell or tissue. 

[0069] As discussed above, the attachment of the inhibitory domains 120 

with the functional antibody 110 results in the inhibition of the binding of the 

functional antibody 110 toward its intended ligand. However, once the enzyme 

20 digests the cleavable linker 130, the inhibitory domains 120 detach from the hinge 

antibody 100, thereby restoring the binding ability of the functional antibody 110. 

[0070] In certain embodiments, the peptide substrate is cleavable by any of 

the following enzyme: a matrix metalloproteinase (e.g., MMP-1, MMP-2, MMP-3, 

MMP-7, MMP-8, MMP-9, MMP-13 and MMP-14), a cathepsin (e.g., CTS A, CTS B, 

25 CTS D, CTS E and CTS K), a caspase (e.g., CASP-1, CASP-2, CASP-3, CASP-4, 

CASP-5, CASP-6, CASP-7, CASP-7, CASP-9, CASP-10, CASP-11, CASP-12, 

CASP-13 and CASP-14), or a disintegrin and metalloproteinase (e.g., ADAM-10, 

ADAM-12, ADAM-17, ADAM-TS and ADAM-TS5). 

[0071] Matrix metalloproteinases (MMPs) are a family of zinc-dependent 

30 endopeptidases that degrade matrix proteins. MMPs include collagenases, 

gelatinases, matrilysins, enamelysins, metalloelastases, stromelysins and other 

structural protein and receptor lysins. MMPs involve in the breakdown of 

extracellular matrix in normal physiological processes, such as embryonic 
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development and reproduction, as well as in disease processes, such as arthritis 

and metastasis. 

[0072] For example, both MMP-2 (also known as gelatinase A or 72 kDa 

type IV collagenase) and MMP-9 (also known as gelatinase B or 92 kDa type IV 

	

5 	collagenase) play a role in the inflammatory response. Accordingly, these 

proteins are highly expressed in the inflammatory site than in other cells/tissues of 

the subject. Also, increased expression of MMP-2 or MMP-9 is also positively 

associated with tumor progression including invasion, metastasis, growth and 

angiogenesis. Therefore, a peptide substrate for these proteins is suitable for use 

	

10 	as the cleavable linker 130 such that the hinge antibody 100 is activatable in the 

inflammatory site or cancerous site. Further, since the expression level of the 

MMP-2/MMP-9 in the in cells/tissues other than the lesion site is relatively low, the 

activation of the present hinge antibody 100 in these cells/tissues is rare, as 

compared with that in the lesion site. Accordingly, the present hinge antibody 100 

	

is 	is operable to treat the disease with an improved selectivity of site of action. 

[0073] According to some embodiments, each cleavable linker 130 

comprises the amino acid sequence of Gly-Pro-Leu-Gly-Val-Arg (GPLGVR; SEQ 

ID No. 16) which is a peptide substrate for MMP-2 or MMP-9. Non-limiting 

examples 	of 	peptide 	substrates 	for 	MMP-2/M MP-9 	include: 

20 Pro-Leu-Gly-Met-Trp-Ser-Arg (PLGMWSR; SEQ ID No. 51), 

Pro-Leu-Gly-Leu-Trp-Ala-(d)-Arg (PLGLWA-(d)-R; SEQ ID No. 52), and 

Pro-Gln-Gly-Ile-Ala-Gly-Gln-(d)-Arg (PQGIAGQ-(d)-R; SEQ ID No. 53). 

[0074] By activatable it is meant that the hinge antibody 100 exhibits a first 

binding affinity to a ligand of interest when in an uncleaved or non-activated state, 

	

25 	and a second binding affinity to the same ligand when in a cleaved or activated 

state, wherein the second binding affinity is greater than the first binding affinity. 

For example, the binding affinity of the activated functional antibody 110 towards 

its intended ligand can be at least 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 35, 40, 45, 50, 

60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900 or 

30 	even 1,000 times greater than the binding affinity of the uncleaved hinge antibody 

100 towards the same ligand. 

[0075] Since the cleavable linker 130 is selected based on its specificity to 

an enzyme that is highly expressed in the target site, it is appreciated that the 
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development and reproduction, as well as in disease processes, such as arthritis 

and metastasis. 

[0072] For example, both MMP-2 (also known as gelatinase A or 72 kDa 

type IV collagenase) and MMP-9 (also known as gelatinase B or 92 kDa type IV 

5 collagenase) play a role in the inflammatory response. Accordingly, these 

proteins are highly expressed in the inflammatory site than in other cells/tissues of 

the subject. Also, increased expression of MMP-2 or MMP-9 is also positively 

associated with tumor progression including invasion, metastasis, growth and 

angiogenesis. Therefore, a peptide substrate for these proteins is suitable for use 

10 as the cleavable linker 130 such that the hinge antibody 100 is activatable in the 

inflammatory site or cancerous site. Further, since the expression level of the 

MMP-2/MMP-9 in the in cells/tissues other than the lesion site is relatively low, the 

activation of the present hinge antibody 100 in these cells/tissues is rare, as 

compared with that in the lesion site. Accordingly, the present hinge antibody 100 

15 is operable to treat the disease with an improved selectivity of site of action. 

[0073] According to some embodiments, each cleavable linker 130 

comprises the amino acid sequence of Gly-Pro-Leu-Gly-Val-Arg (GPLGVR; SEQ 

ID No. 16) which is a peptide substrate for MMP-2 or MMP-9. Non-limiting 

examples of peptide substrates for MMP-2/MMP-9 include: 

20 Pro-Leu-Gly-Met-T rp-Ser-Arg (PLGMWSR; SEQ ID No. 51), 

Pro-Leu-Gly-Leu-T rp-Ala-(d)-Arg (PLGLWA-(d)-R; SEQ ID No. 52), and 

Pro-Gln-Gly-lle-Ala-Gly-Gln-(d)-Arg (PQGIAGQ-(d)-R; SEQ ID No. 53). 

[0074] By activatable it is meant that the hinge antibody 100 exhibits a first 

binding affinity to a ligand of interest when in an uncleaved or non-activated state, 

25 and a second binding affinity to the same ligand when in a cleaved or activated 

state, wherein the second binding affinity is greater than the first binding affinity. 

For example, the binding affinity of the activated functional antibody 110 towards 

its intended ligand can be at least 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 35, 40, 45, 50, 

60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900 or 

30 even 1,000 times greater than the binding affinity of the uncleaved hinge antibody 

100 towards the same ligand. 

[0075] Since the cleavable linker 130 is selected based on its specificity to 

an enzyme that is highly expressed in the target site, it is appreciated that the 
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activation of the hinge antibody 100 will mostly take place in the target site. This 

high selectivity of the site of action, in conjunction with the eminent inhibitory 

activity in the uncleaved state, substantially avoids off-target action of the 

functional antibody 110. 

	

5 	 [0076] The present disclosure is further advantageous in that the detached 

inhibitory domain 120 does not interfere with the binding between the activated 

functional antibody 110 and the intended ligand of the functional antibody 110. 

Accordingly, the binding affinity of the functional antibody 110 is substantially 

restored, once the hinge antibody 100 is activated through the cleavage of the 

	

10 	cleavable linker 130. For example, after the hinge antibody 100 contacts the 

enzyme (e.g., MMP-2) that is highly expressed in the target site for a specified time, 

there is at least 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 

81%, 82%, 83%, 84, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 

95%, 96%, 97%, 98%, 99% or 100% binding of the activated functional antibody 

	

15 	110 to its intended ligand, as compared with the binding of the functional antibody 

110 not coupled to the inhibitory domain 120. 

[0077] In certain embodiments of the present disclosure, the functional 

antibody 110 is an anti-TNF-a antibody and comprises the amino acid sequence of 

SEQ ID No. 1, each of the cleavable linkers 130 comprises the amino acid 

	

20 	sequence of SEQ ID No. 14; and each of the inhibitory domains 120 comprises the 

amino acid sequence of SEQ ID No. 8. 

[0078] The hinge antibody according to embodiments of the present 

disclosure can be synthetically generated or can be recombinantly expressed and 

purified. 

	

25 	 [0079] For example, the hinge antibody can be synthesized by commonly 

used methods such as t-BOC or FMOC protection of alpha-amino groups. Both 

methods involve stepwise syntheses whereby a single amino acid is added at each 

step starting from the C terminus of the peptide. Hinge antibodies of the invention 

can also be synthesized by the well-known solid phase peptide synthesis methods. 

	

30 	 [0080] For the recombinant production of the hinge antibody, vector 

constructs or nucleic acid molecules encoding for the present hinge antibody is 

provided. 	Various vector constructs which are capable of expression in 

prokaryotic or eukaryotic cells are known in the art. Expression vector constructs 
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activation of the hinge antibody 100 will mostly take place in the target site. This 

high selectivity of the site of action, in conjunction with the eminent inhibitory 

activity in the uncleaved state, substantially avoids off-target action of the 

functional antibody 110. 

5 [0076] The present disclosure is further advantageous in that the detached 

inhibitory domain 120 does not interfere with the binding between the activated 

functional antibody 110 and the intended ligand of the functional antibody 110. 

Accordingly, the binding affinity of the functional antibody 110 is substantially 

restored, once the hinge antibody 100 is activated through the cleavage of the 

10 cleavable linker 130. For example, after the hinge antibody 100 contacts the 

enzyme (e.g., MMP-2) that is highly expressed in the target site for a specified time, 

there is at least 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 

81%, 82%, 83%, 84, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 

95%, 96%, 97%, 98%, 99% or 100% binding of the activated functional antibody 

15 110 to its intended ligand, as compared with the binding of the functional antibody 

110 not coupled to the inhibitory domain 120. 

[0077] In certain embodiments of the present disclosure, the functional 

antibody 110 is an anti-TNF-a antibody and comprises the amino acid sequence of 

SEQ ID No. 1, each of the cleavable linkers 130 comprises the amino acid 

20 sequence of SEQ ID No. 14; and each of the inhibitory domains 120 comprises the 

amino acid sequence of SEQ ID No. 8. 

[0078] The hinge antibody according to embodiments of the present 

disclosure can be synthetically generated or can be recombinantly expressed and 

purified. 

25 [0079] For example, the hinge antibody can be synthesized by commonly 

used methods such as t-BOC or FMOC protection of alpha-amino groups. Both 

methods involve stepwise syntheses whereby a single amino acid is added at each 

step starting from the C terminus of the peptide. Hinge antibodies of the invention 

can also be synthesized by the well-known solid phase peptide synthesis methods. 

30 [0080] For the recombinant production of the hinge antibody, vector 

constructs or nucleic acid molecules encoding for the present hinge antibody is 

provided. Various vector constructs which are capable of expression in 

prokaryotic or eukaryotic cells are known in the art. Expression vector constructs 
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are generally selected so as to be compatible with the host cell in which they are to 

be used. In certain embodiments, the vector encodes the light and heavy chain of 

the functional antibody, the inhibitory domain and the cleavable linkers. 

[0081] Figure 3 is a diagram of an exemplary nucleic acid molecule 200 

	

5 	according to certain embodiments of the present disclosure. 	In suitable 

conditions, the nucleic acid molecule 200 could be translated, and the expressed 

polynucleotide(s) is/are then modified and/or assembled into the present hinge 

antibody, e.g., the hinge antibody 100 illustrated above. Figure 3 is a schematic 

diagram illustrating a nucleic acid molecule encoding a hinge antibody according to 

	

10 	certain embodiments of the present disclosure; e.g., the hinge antibody 100 

illustrated above. 

[0082] In certain embodiments, the synthetic nucleic acid molecule 200 

comprises a first nucleic acid sequence 210, a second nucleic acid sequence 220 

and a connecting nucleic acid sequence 230. The first nucleic acid sequence 210 

	

15 	comprises from 5' to 3', a first inhibitory domain-encoding region 212, a first 

cleavable linker-encoding region 214 and a light chain-encoding region 216. The 

first inhibitory domain-encoding region 212 encodes a first peptide arm (such as 

one peptide arm 122 illustrated in Figure 1) of an inhibitory domain (such as the 

inhibitory domain 120 of Figure 1) of the present hinge antibody. In certain 

	

20 	embodiments, the inhibitory domain can be a hinge domain of IgA, IgD, or IgG, or a 

fragment of the hinge domain. The first cleavable linker-encoding region 214 

encodes a peptide substrate (e.g., the cleavable linker 130 of Figure 1) cleavable 

by an enzyme that is specifically or highly expressed in the target cell or tissue. 

The light chain-encoding region 216 encodes a light chain (e.g., light chain 102 of 

	

25 	Figure 1) of a functional antibody capable of treating the condition in an activated 

state. The second nucleic acid sequence 220 comprises, from 5' to 3', a second 

inhibitory domain-encoding region 222, a second cleavable linker-encoding region 

224 and a heavy chain-encoding region 226. 	The second inhibitory 

domain-encoding region 222 encodes a peptide second arm (such as another 

	

30 	peptide arm 122 of Figure 1) of the inhibitory domain (e.g., the inhibitory domain 

120 of Figure 1). The second cleavable linker-encoding region 224 encodes the 

same peptide substrate (e.g., the cleavable linker 130 illustrated in Figure 1). The 
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are generally selected so as to be compatible with the host cell in which they are to 
be used. In certain embodiments, the vector encodes the light and heavy chain of 
the functional antibody, the inhibitory domain and the cleavable linkers. 

[0081] Figure 3 is a diagram of an exemplary nucleic acid molecule 200 
5 according to certain embodiments of the present disclosure. In suitable 

conditions, the nucleic acid molecule 200 could be translated, and the expressed 
polynucleotide(s) is/are then modified and/or assembled into the present hinge 
antibody, e.g., the hinge antibody 100 illustrated above. Figure 3 is a schematic 
diagram illustrating a nucleic acid molecule encoding a hinge antibody according to 

10 certain embodiments of the present disclosure; e.g., the hinge antibody 100 
illustrated above. 

[0082] In certain embodiments, the synthetic nucleic acid molecule 200 
comprises a first nucleic acid sequence 210, a second nucleic acid sequence 220 
and a connecting nucleic acid sequence 230. The first nucleic acid sequence 210 

15 comprises from 5' to 3', a first inhibitory domain-encoding region 212, a first 
cleavable linker-encoding region 214 and a light chain-encoding region 216. The 
first inhibitory domain-encoding region 212 encodes a first peptide arm (such as 
one peptide arm 122 illustrated in Figure 1) of an inhibitory domain (such as the 
inhibitory domain 120 of Figure 1) of the present hinge antibody. In certain 

20 embodiments, the inhibitory domain can be a hinge domain of IgA, IgD, or IgG, or a 
fragment of the hinge domain. The first cleavable linker-encoding region 214 
encodes a peptide substrate (e.g., the cleavable linker 130 of Figure 1) cleavable 
by an enzyme that is specifically or highly expressed in the target cell or tissue. 
The light chain-encoding region 216 encodes a light chain (e.g., light chain 102 of 

25 Figure 1) of a functional antibody capable of treating the condition in an activated 
state. The second nucleic acid sequence 220 comprises, from 5' to 3', a second 
inhibitory domain-encoding region 222, a second cleavable linker-encoding region 
224 and a heavy chain-encoding region 226. The second inhibitory 
domain-encoding region 222 encodes a peptide second arm (such as another 

30 peptide arm 122 of Figure 1) of the inhibitory domain (e.g., the inhibitory domain 
120 of Figure 1). The second cleavable linker-encoding region 224 encodes the 
same peptide substrate (e.g., the cleavable linker 130 illustrated in Figure 1). The 
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heavy chain-encoding region 226 encodes a heavy chain (such as, heavy chain 

104) of the functional antibody. 

[0083] The connecting nucleic acid sequence 230 is used to connect the 

first nucleic acid sequence 210 and the second nucleic acid sequence 220 to form 

	

5 	the single nucleic acid molecule 200. 

[0084] In optional embodiments, the first nucleic acid sequence 210 and the 

second nucleic acid sequence 220 are combined in a single opening reading frame, 

and the translated product, upon secretion, is modified to generate the assembled 

hinge antibody. For example, as illustrated in Figure 3, a Furin-2A-encoding 

	

10 	sequence 230 is provided between the first and the second nucleic acids 210 and 

220. Alternatively, an IRES sequence (not shown) can be used to join the first 

nucleic acid sequence 210 and the second nucleic acid sequence 220 such that 

these two nucleic acid sequences are separately translated into two polypeptides. 

[0085] According to various embodiments of the present disclosure, the 

	

15 	synthetic nucleic acid molecule 200 comprises a nucleotide sequence encoding for 

any of the above-mentioned hinge antibodies and equivalents thereof. For 

example, the synthetic nucleic acid molecule may have a nucleotide sequence of 

any of SEQ ID Nos. 17-50. According to other embodiments of the present 

disclosure, the first and second nucleic acid sequences are constructed in two 

	

20 	separate vectors, in which the first nucleic acid sequence is any of SEQ ID Nos. 67, 

69, 71, 73, 75, and 77, whereas the second nucleic acid sequence is any of SEQ 

ID Nos. 68, 70, 72, 74, 76 and 78. 

[0086] Also, SEQ ID No.56 is an exemplary sequence of the nucleic acid 

molecule encoding the IgD1 hinge domains having the sequence of SEQ ID No. 54; 

25 while SEQ ID No.57 is an exemplary sequence of the nucleic acid molecule 

encoding the IgD2 hinge domains having the sequence of SEQ ID No. 55. 

[0087] Vectors for expressing the above synthetic nucleic acid molecule 200 

are generally constructed by joining the synthetic nucleic acid molecules 200 with 

one or more regulatory sequences such that the transcription and/or the translation 

	

30 	of the synthetic nucleic acid molecule 200 are under the control of the regulatory 

sequence(s). 	Non-limiting examples of the regulatory sequences include 

promoters, enhancers, terminators, operators, repressors, and inducers. 
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[0088] Expression vector constructs generally also provide a transcriptional 

and translational initiation region as may be needed or desired, which may be 

inducible or constitutive, where the coding region is operably linked under the 

transcriptional control of the transcriptional initiation region, and a transcriptional 

	

5 	and translational termination region. These control regions may be native to the 

species from which the nucleic acid is obtained, or may be derived from 

exogenous sources. Expression vector constructs, can also include a selectable 

marker operative in the host to facilitate, for example, growth of host cells 

containing the construct of interest. Such selectable marker genes can provide a 

	

lo 	phenotypic trait for selection of transformed host cells such as dihydrofolate 

reductase or neomycin resistance for eukaryotic cell culture. 

[0089] As could be appreciated, when the first nucleic acid sequence 210 

and the second nucleic acid sequence 220 are constructed in a single reading 

frame, the expression vector may comprise one regulatory sequence operably 

	

15 	linked to the first nucleic acid sequence and the second nucleic acid sequence. 

On the other hand, when the first nucleic acid sequence 210 and the second 

nucleic acid sequence 220 are arranged in different reading frames, the 

expression vector may have at least two regulatory sequences operably linked to 

the first nucleic acid sequence and the second nucleic acid sequence, 

	

20 	respectively. 

[0090] In other embodiments, the first nucleic acid and the second nucleic 

are not constructed in a single vector; rather, they are provided in two separate 

vectors each having its own transcriptional and translational initiation region, 

selectable marker, and/or regulatory sequence. 

	

25 	 [0091] The hinge antibody of the present invention is useful for the 

treatment of disease(s) or medical condition(s) which is/are treatable by the 

functional antibody of the hinge antibody. 	Diseases or medical conditions 

treatable by antibody-based therapy are mostly cancer or autoimmune diseases. 

[0092] To treat a subject suffering from such diseases, the present hinge 

	

30 	antibody or a pharmaceutical composition comprising the same is administered to 

the subject in a therapeutically effective amount. Accordingly, the pharmaceutical 

composition and treating method also fall within the scope of the present invention. 
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[0093] In addition to the hinge antibody, said pharmaceutical composition 

further comprises a pharmaceutically-acceptable carrier. 	The phrase 

"pharmaceutically-acceptable carrier" as used herein means a pharmaceutically 

acceptable material, composition or vehicle, such as a liquid or solid filler, diluent, 

	

5 	excipient, solvent or encapsulating material, involved in carrying or transporting the 

active agents (e.g., the hinge antibody) from one organ, or portion of the body, to 

another organ, or portion of the body. The carrier must be "acceptable" in the 

sense of being compatible with the other ingredients of the formulation, and is 

selected to minimize any degradation of the active agent and to minimize any 

	

10 	adverse side effects in the subject. The pharmaceutical composition may further 

comprises one or more pharmaceutically-acceptable additives, including binders, 

flavorings, buffering agents, thickening agents, coloring agents, anti-oxidants, 

diluents, stabilizers, buffers, emulsifiers, dispersing agents, suspending agents, 

antiseptics and the like. 

	

15 	 [0094] The choice of a pharmaceutically-acceptable carrier to be used in 

conjunction with the present hinge antibody peptide is basically determined by the 

way the composition is to be administered. The pharmaceutical composition of 

the present invention may be administered subcutaneous, intravenous, intrathecal 

or intramuscular injection. 

	

20 	 [0095] Injectables for administration can be prepared in sterile aqueous or 

non-aqueous solutions, suspensions, and emulsions. Examples of non-aqueous 

solvents include, but are not limited to, propylene glycol, polyethylene glycol, 

vegetable oils such as olive oil, and injectable organic esters such as ethyl oleate. 

Illustrative examples of aqueous carriers include water, alcoholic/aqueous 

	

25 	solutions, emulsions or suspensions, including saline and buffered media. 

Common parenteral vehicles include sodium chloride solution, Ringer's dextrose, 

dextrose and sodium chloride, lactated Ringer's, or fixed oils; whereas intravenous 

vehicles often include fluid and nutrient replenishers, electrolyte replenishers (such 

as those based on Ringer's dextrose), and the like. 

	

30 	 [0096] As could be appreciated, since the present hinge antibody is cleaved 

and activated in the lesion site and remains uncleaved and inactive in other 

regions of the body, the present treating method is advantageous in that it reduced, 

or even eliminates, the risks of systemic side effect resulted from off-target action. 
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Also, the present treating method improves the efficacy of the existing therapeutic 

antibodies. 

[0097] The following Examples are provided to elucidate certain aspects of 

the present invention and to aid those of skilled in the art in practicing this invention. 

	

5 	These Examples are in no way to be considered to limit the scope of the invention 

in any manner. Without further elaboration, it is believed that one skilled in the art 

can, based on the description herein, utilize the present invention to its fullest 

extent. All publications cited herein are hereby incorporated by reference in their 

entirety. 

	

10 	[0098] Example 1 

[0099] Materials and Methods 

[0100] 1.1 Cell lines and cell cultures 

[0101] The human embryonic kidney cell line expressing SV40 T antigen 

(293T), human breast cancer cell line (SKBr3), human colorectal carcinoma cell 

	

is 	line (SW480), Huh 7 were purchased from American Type Culture Collection. 

The cells were cultured in Dulbecco's Modified Eagle's Medium (DMEM; 

Sigma-Aldrich) supplemented with 10% Cosmic calf serum(CCS; Sigma-Aldrich), 

1% (10,000 p/mI) penicillin, and 1% (10,000 p/mI) streptomycin (Invitrogen) at 

37°C in a humidified atmosphere of 5% CO2. Phoenix amphitropic retroviral 

	

20 	packaging cells (Source) were cultured in DMEM/Nutrient F-12 Ham (DMEM/F12) 

medium supplemented with 10 % fetal bovine serum (FBS; Sigma-Aldrich), 1% 

(10,000 p/mI) penicillin, and 1% (10,000 p/mI) streptomycin at 37°C in a humidified 

atmosphere of 5% CO2. For passage purpose, 293T cells and Phoenix cells were 

treated with 1X Versene (EDTA) solution for 3 to 5 minutes, whereas SKBr3, 

	

25 	SW480 and Huh7 cells are treated with trypsin for 3 to 5 minutes. Cells were then 

sub-cultured in different concentrations as required by the experimentation need. 

[0102] 1.2 Biochemical reagents 

[0103] TransITO-LT1 Transfection Reagent was purchased from Mirus Bio 

LLC. Opti-MEM and EDTA were purchased from Invitrogen. Bovine serum 

30 albumin (BSA) and Type IV MMP2 (Gelatinase A) were purchased from 

Sigma-Aldrich. 	HRP-Goat-a human-IgG Fcy antibody and FITC-Goat-a 

human-IgGAM Fcy were purchased from Jackson. 

[0104] 1.3 Plasmid constructs 
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[0105] To construct the nucleic acid construct encoding the anti-TNF-a 

antibody, infliximab, a Furin-2A peptide-encoding nucleic acid construct was used 

to join the light chain-encoding sequence and heavy chain-encoding sequence in a 

single plasmid. Then, polymerase chain reaction (PCR) was performed to 

	

5 	introduce Nhel, Hindi!! and Sfil to the N-terminal of the light chain, Xhol to the 

C-terminal of the light chain, Bglll to the N-terminal of the heavy chain, and Clal 

and Ascl to the C-terminal of the heavy chain. Next, the IgG1 hinge-encoding and 

MMP2 substrate-encoding sequences were introduced to the upstream of the light 

and heavy chain-encoding sequences to produce a nucleic acid construct (SEQ ID 

	

10 	No. 43) encoding IgG1 hinge/MMP2/infliximab. Same protocol was applied to the 

construction of nucleic acid constructs encoding other antibodies or 

hinge/MMP2/antibodies, such as IgG1 hinge/MMP2/ipilimumab (SEQ ID No. 17), 

IgG2 hinge/MMP2/ipilimumab (SEQ ID No. 18), IgG3 hinge/MMP2/ipilimumab 

(SEQ ID No. 19), IgG4 hinge/MMP2/ipilimumab (SEQ ID No. 20), IgA1 

	

15 	hinge/MMP2/ipilimumab (SEQ ID No. 21), IgA2 hinge/MMP2/ipilimumab (SEQ ID 

No. 22), IgG1 hinge/MMP2/tremelimumab (SEQ ID No. 23), IgG2 

hinge/MMP2/tremelimumab (SEQ ID No. 24), IgG3 hinge/MMP2/tremelimumab 

(SEQ ID No. 25), IgG4 hinge/MMP2/tremelimumab (SEQ ID No. 26), IgA1 

hinge/MMP2/tremelimumab (SEQ ID No. 27), IgA2 hinge/MMP2/tremelimumab 

20 (SEQ ID No. 28), IgG1 hinge/MMP2/adalimumab (SEQ ID No. 29), IgG2 

hinge/MMP2/adalimumab (SEQ ID No. 30), IgG3 hinge/MMP2/adalimumab (SEQ 

ID No. 31), IgG4 hinge/MMP2/adalimumab (SEQ ID No. 32), IgA1 

hinge/MMP2/adalimumab (SEQ ID No. 33), IgA2 hinge/MMP2/adalimumab (SEQ 

ID No. 34), IgG1 hinge/MMP2/panitumumab (SEQ ID No. 35), IgG1 

25 hinge/MMP2/denosumab (SEQ ID No. 36), IgG2 hinge/MMP2/denosumab (SEQ 

ID No. 37), IgG3 hinge/MMP2/denosumab (SEQ ID No. 38), IgG4 

hinge/MMP2/denosumab (SEQ ID No. 39), IgA1 hinge/MMP2/denosumab (SEQ 

ID No. 40), IgA2 hinge/MMP2/denosumab (SEQ ID No. 41), IgG1 

hinge/MMP2/efalizumab (SEQ ID No. 42), IgG2 hinge/MMP2/infliximab (SEQ ID 

30 No. 44), IgG3 hinge/MMP2/infliximab (SEQ ID No. 45), IgG4 

hinge/MMP2/infliximab (SEQ ID No. 46), IgA1 hinge/MMP2/infliximab (SEQ ID No. 

47), IgA2 hinge/MMP2/infliximab (SEQ ID No. 48), IgG1 hinge/MMP2/ustekinumab 

(SEQ ID No. 49), and IgG1 hinge/MMP2/trastuzumab (SEQ ID No. 50). 
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[0106] The constructs encoding infliximab and hinge/MMP2/infliximab were 

then respectively introduced into the pLKO AS3w.puro plasmids containing 

extended viral packaging signal ('P+), puromycin-resistant gene (furor) and 

ampicillin-resistant gene (Ampr) to produce expression vectors (infliximab-pLKO 

	

5 	plasmid and hinge/MMP2/infliximab-pLKO plasmid). Plasmids for expressing 

other nucleic acid constructs were prepared with the same protocol. 

[0107] 1.4 Lentivirus transfection 

[0108] Phoenix cells were treated with Versene, and detached cells 

(1.5x106  cells/well) were seed in a 6-well CellBind plate. After incubation in the 

	

10 	incubator at 37°C for 24 hours, the original cell culture liquid was removed and 

replenished with half-volume of DMEM supplemented with 10% FBS culture liquid. 

[0109] 1.25 pg hinge/MMP2/infliximab-pLKO plasmid (in 125 pL Opti-MEM 

plus 1.125 pg pCMV-.6R8.91 plasmid and 0.125 pg pMD.G plasmid) was slowly 

added into a reaction solution containing 7.5 pL TransiT® reagent in 125 pL 

	

15 	Opti-MEM. The mixture was left stand for 30 minutes and then slowly added into 

the 6-well plate and shook in the incubator at 37°C for 16 hours before the addition 

of half-volume fresh medium (DMEM/F12 + 10%FBS + 1% BSA +lx p/s). In the 

next 3 days, 2 ml of supernatant was collected every 24 hours and replenished 

with 2 ml of fresh medium. The collected supernatant was centrifuged with 1250 

	

20 	rpm for 5 minutes, and the supernatant was stored at 4°C in the refrigerator. 

[0110] For virus condensation, the refrigerated supernatant was rewarmed 

at room temperature, and filtered into a protein centrifugal filter tube and then 

centrifuged with 3500 rpm at 4°C until the volume reduced to 1.5 ml. The 

condensate was aliquoted and stored at -80°C until use. 

	

25 	 [0111] To transfect 293T cells, 293T cells were seed in a 6-well plate by 

4x104/well. The next day, cells were transfected at 10-20% confluence. The 

original medium was first removed, and the infection medium (1m1 of growth 

medium (DMEM + 10% CCS + 1% P/S) +150 pl virus liquid + 8 pg/ml polybrene) 

was added along the wall. After shaking for 24 hours, the medium was removed 

30 and replenished with a new growth medium and transfected 293T cells were 

screed by puromycene (3-5 pg/ml). The growth medium was refreshed every 2 

days with the puromycene screening for 2 weeks. The cells were then harvested 

and subject to Western blotting to detect whether the cells stably expresses the 

25 
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20 rpm for 5 minutes, and the supernatant was stored at 4°C in the refrigerator. 

[0110] For virus condensation, the refrigerated supernatant was rewarmed 

at room temperature, and filtered into a protein centrifugal filter tube and then 

centrifuged with 3500 rpm at 4°C until the volume reduced to 1.5 ml. The 

condensate was aliquoted and stored at -80°C until use. 

25 [0111] To transfect 293T cells, 293T cells were seed in a 6-well plate by 

4x104/well. The next day, cells were transfected at 10-20% confluence. The 

original medium was first removed, and the infection medium (1ml of growth 

medium (DMEM + 10% CCS + 1% P/S) +150 |jl virus liquid + 8 jjg/ml polybrene) 

was added along the wall. After shaking for 24 hours, the medium was removed 

30 and replenished with a new growth medium and transfected 293T cells were 

screed by puromycene (3-5 |jg/ml). The growth medium was refreshed every 2 

days with the puromycene screening for 2 weeks. The cells were then harvested 

and subject to Western blotting to detect whether the cells stably expresses the 

25 
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hinge/MMP2/infliximab. 293T cells stably expressing infliximab was prepared by 

the same protocol. 

[0112] 1.5 Antibody purification 

[0113] Transfected 293T cells were seed in a culture plate (15 cm) and 

	

5 	cultured with DMEM supplemented with 10% CCS and 1% penicillin-streptomycin 

until about 80-90% confluence. The original growth medium was removed and 

the plate was washed with 10 ml PBS to remove the serum. The cells were then 

cultured with 15m1 serum-free DMEM medium for two days, and the supernatant 

was collected and centrifuged with 3500 rpm at 4°C for 10 minutes. The 

	

10 	supernatant was then collected and stored at -80°C until use. 

[0114] For purification, 135 ml of the frozen supernatant was rewarmed 

using a 37°C water bath. The supernatant was then condensed by 30 folds using 

a protein centrifugal filter tube. The antibodies were purified using the Protein A 

sepharose purification system, and the bounded antibodies were eluted with 0.1 M 

	

15 	glycine elute buffer (pH 3.0). The pH value of the eluate was adjusted to 7.4 

using 1M Tris-base (pH 8.0) and 6N HCL. The samples were then collected to a 

dialysis membrane (Regenerated cellulose tubular membrane T4, 

MWCO :12000-14000, CelluSep) and dialyzed twice with 1X PBS (pH 7.4) for 1 to 

2 hours. The product was confirmed by 10% SDS-PAGE separation followed by 

	

20 	dyeing with Comassie Brilliant Blue for 10 minutes. 

[0115] 1.6 MMP2 substrate cleavage 

[0116] Hinge/MMP2/infliximab (5 pg in 36 pl of PBS) was reacted with 

MMP2 (0.8 pg in 4 pl of DMEM, final concentration 20 pg/ml) on ice for 0, 1, 5, 10, 

30, or 60 minutes. Anti-TNF-a antibody (infliximab) was used as control. The 

	

25 	reaction mixture was then added into a reducing dye and boiled at 100°C for 10 

minutes to terminate the activity of MMP2. The cleavage of MMP2 substrate was 

confirmed by 10 % SDS-PAGE and Western blotting. 

[0117] For Western blot analysis, reducing dye was added into the collected 

cells and supernatant in a 6:1 (v/v) ratio and boiled at 100°C for 10 minutes. Then, 

30 proteins were separated by 10% SDS-PAGE, and transferred to a nitrocellulose 

paper, which was blocked with 5% skim milk at 4°C overnight. HRP-Goat 

anti-human IgG Fcy antibody (0.4 pg/ml in 5% skim milk) was used to identify the 

antibody. 
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25 reaction mixture was then added into a reducing dye and boiled at 100°C for 10 

minutes to terminate the activity of MMP2. The cleavage of MMP2 substrate was 

confirmed by 10 % SDS-PAGE and Western blotting. 

[0117] For Western blot analysis, reducing dye was added into the collected 

cells and supernatant in a 6:1 (v/v) ratio and boiled at 100°C for 10 minutes. Then, 

30 proteins were separated by 10% SDS-PAGE, and transferred to a nitrocellulose 
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[0118] 1.7 Enzyme-linked immunosorbent assay 

[0119] The activities of hinge/MMP2/antibodies were determined by 

antigen-based EL ISA or cell-based ELIA. 

[0120] (A) Plate coating 

	

5 	 [0121] To 	determine 	the 	activity 	of hinge/MMP2/infliximab 	or 

hinge/MMP2/adalimumab, TNF-a (0.3 pg/ml) was diluted in a coating buffer 

(100mM Na2CO3, Ph 8.0) and coated onto ELISA (Nunc-Maxisorp) by incubated at 

37°C for 2 hours. As to hinge/MMP2/denosumab, the 96 well plate was coated 

with 50 pl/well of RANKL (0.3 pg/ml) in coating buffer (100 mM Na2CO3, pH 8.0) for 

	

10 	2 hours at 37 °C. To determine the activity of hinge/MMP2/Ipilimumab or 

hinge/MMP2/tremelimumab, the 96 well plate were coated with 50 pl/well of 

CTLA4 (0.3 pg/ml) in coating buffer (100 mM Na2CO3, pH 8.0) for 2 hours at 37 °C. 

[0122] For blocking, 200 pl of 5% skim milk was added into each well of a 

96-well plate and stored at 4°C refrigerator overnight. 

	

15 	 [0123] The 	activities 	of 	hinge/MMP2/anti-EGFR 	antibody 	and 

hinge/MMP2/anti-HER2 antibody were determined by cell-based ELISA. Briefly, 

EGFR-positive SW480 cells or HER2-positive SKBr3 cells were seed on a 96-well 

plate by 105  cells/well using 200 pl of growth medium (DMEM + 10 % CCS + 1 % 

P/S), and incubated at 37°C overnight. 

	

20 	 [0124] (B) MMP2 treatment 

[0125] 20 pL of ice-cold MMP2 enzyme (200 pg/ml in serum free DMEM) 

was diluted by 10-fold and was reacted with 180 pL of transfected 293T cells 

supernatant on ice for 0, 1, 10, 30, 60 or 90 minutes before the reaction was 

terminated by addition of 20 pl of CCS. 

	

25 	 [0126] (C) Antibody activity 

[0127] Next day, after removing the original culture liquid from the blocked 

96-well plate, the plate was washed with 0.05% PBST (200 pl/well) once and PBS 

(200 pl/well once) (or washed with DMEM (200 pl/well) once in the case of 

cell-based ELIA), and the liquid in the wells was removed. The MMP2-treated 

	

30 	hinge/MMP2/antibody (50 pl/well) was then added in duplicate (or triplicate in the 

case of cell-based ELIA) and reacted for 2 hours at room temperature. After the 

reaction, the sampled was pipetted from the well and the plate was washed with 

0.05% PBST (200 pl/well) trice and PBS (200 pl/well) once (or washed with DMEM 
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30 hinge/MMP2/antibody (50 jjl/well) was then added in duplicate (or triplicate in the 

case of cell-based ELIA) and reacted for 2 hours at room temperature. After the 

reaction, the sampled was pipetted from the well and the plate was washed with 

0.05% PBST (200 jjl/well) trice and PBS (200 jjl/well) once (or washed with DMEM 
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(200 pl/well) trice in the case of cell-based ELIA) to remove free antibodies. Next, 

1 pg/ml of HRP-goat anti-human IgG Fcy antibody in 2 % skim milk in PBS (or in 

DMEM + 2 % CCS in the case of cell-based ELIA) was distributed to 96-well plate 

by 50 pl/well and reacted for 1 hour at room temperature. After pipetting the 

	

5 	HRP-goat anti-human IgG Fcy antibody from the well, the plate was washes with 

0.05% PBST (or DM EM in the case of cell-based ELIA) (200 pl/well) trice and PBS 

(200 pl/well) once. 

[0128] Activity of the MMP2-treated hinge/MMP2/antibody was determined 

by oxidation of 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) as a 

10 substrate. The reaction mixture containing ABTS and 30% H202  (ABTS: 

H202=3000 : 1) was added to the plate by 150 pl/well. Oxidation of ABTS was 

followed by an absorbance increase at 405 nm. The enzyme activity was 

evaluated by the absorbance intensity. The activity of other antibodies was 

determined with the same protocol. 

	

15 	 [0129] 1.8 Neutralization of TNF-a signal by hinge/MMP2/infliximab 

[0130] Huh 7 cells were treated with Trypsin (0.05%), and detached cells 

(7x104  cells/well) were seed in a 24-well CellBind plate. After incubation in the 

incubator at 37°C for 24 hours, the original cell culture liquid was removed and 

replenished with DMEM supplemented with 10% FBS culture liquid. 

	

20 	 [0131] 0.5 pg NF-kB-Luc reporter plasmid was added into a reaction 

solution containing 1.5 pL TransITO-LT1 Transfection Reagent in 30 pL serum-free 

DMEM. The mixture was slowly added into the 24-well plate and shook in the 

incubator at 37°C for 24 hours. 

[0132] Twenty four hours after transfection, cells were treated with either of : 

	

25 	(1) medium (as the negative control); (2) 20 ng TNF-a (as the positive control); (3) 

20 ng TNF-a and 100 mg/mI infliximab; (4) 20 ng TNF-a, 100 mg/mI infliximab and 

20 mg/mI MMP2; (5) 20 ng TNF-a and 100 mg/mI IgG1 hinge/MMP2/infliximab; 

and (6) 20 ng TNF-a ,100 mg/mi IgG1 hinge/MMP2/infliximab and 20 mg/ml MMP2. 

Twenty four hours after the treatment, Steady-Glo and PBS were added into the 96 

	

30 	well, and luciferase reader was used to detect the luciferase activity. 

[0133] 1.9 Animal Experimentations 

[0134] All animals used in working examples of the present disclosure were 

housed in an animal room under temperature control (24-25°C) and 12:12 
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10 substrate. The reaction mixture containing ABTS and 30% H2O2 (ABTS: 

H2C>2=3000 : 1) was added to the plate by 150 jjl/well. Oxidation of ABTS was 

followed by an absorbance increase at 405 nm. The enzyme activity was 

evaluated by the absorbance intensity. The activity of other antibodies was 

determined with the same protocol. 
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DMEM. The mixture was slowly added into the 24-well plate and shook in the 
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30 well, and luciferase reader was used to detect the luciferase activity. 

[0133] 1.9 Animal Experimentations 

[0134] All animals used in working examples of the present disclosure were 

housed in an animal room under temperature control (24-25°C) and 12:12 
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light-dark cycle. Standard laboratory chow and tap water were available ad 

libitum. The experiments procedures were approved by the Kaohsiung Medical 

University Review Board (Kaohsiung City, Taiwan, R.O.C.) and were performed in 

compliance with national animal welfare regulations. 

	

5 	 [0135] Example 2 

[0136] Purification of Hinge/MMP2/infliximab 

[0137] The three-dimensional structure of the Hinge/MMP2/infliximab was 

generated via computer simulation. Referring to Figure 4, the IgG1 hinge 

domain consists of two peptide interconnected by disulfide bonds, and the 

	

to 	complimentarity determining region (CDR) of the light chain and heavy chain of 

infliximab is blocked by the swinging inhibitory domain derived from the IgG1 hinge 

domain. 

[0138] Purification was carried out as described in Example 1.5, above, and 

the purified products were confirmed by SDS PAGE (Figure 5). The purified 

	

is 	product is confirmed to be 55 kDa IgG1 hinge/MMP2/infliximab heavy chain (left), 

the size of which is similar to infliximab (middle). The purity of the products from 

Lane 4 is about 85%. 

[0139] Example 3 

[0140] Removal of Inhibitory domain from Hinge/MMP2/infliximab via 

	

20 	MMP2 Treatment 

[0141] IgG1 Hinge/MMP2/nfliximab or infliximab (anti-TNF-a antibody) were 

treated with MMP2 (20 pg/ml) as described in Example 1.6.The result of Western 

blot analysis, as provided in Figure 6, demonstrates that the molecular weight of 

infliximab (about 53.5 kDa) is constant before and after the MMP2 treatment. On 

	

25 	the other hand, before the MMP2 treatment, the molecular weight of IgG1 

hinge/MMP2/infliximab is about 55 kDa, whereas after the MMP2 treatment, the 

intensity of the band of 55 kDa product gradually reduces while the intensity of the 

band of about 53.5 kDa increases with time. This result indicates that the inhibitory 

domain of the present hinge antibody can be removed from the functional antibody 

	

30 	domain by the MMP2 treatment. 

[0142] Example 4 

[0143] Inhibition and Restoration of Antigen-Binding Activity of 

Hinge/MMP2/anti-TNF-a Antibody 
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[0144] Antigen-binding activities of the purified hinge/MMP2/infliximab 

before and after MMP2 treatment (Example 1.6) were measured by ELISA, and 

results are summarized in Figure 7. In this analysis, the binding capacity of the 

anti-TNF-a antibody to TNF-a was set to 100%, and relative percent of 

	

5 	hinge/MMP2/infliximab was calculated accordingly. 

[0145] ELISA results indicate that the binding capacity of the 

hinge/MMP2/infliximab to TNF-a is about 0.5% before being treated with MMP2, 

confirming that the attachment of the inhibitory domain substantially inhibits the 

binding capability of the functional anti-TNF-a domain by 99.5%. The data also 

10 reveal the MMP2 treatment of one hour is sufficient to activate the 

hinge/MMP2/infliximab for the binding capacity thereof is revived to about 110%. 

Two hours after the MMP2 treatment, the binding capacity of the activated 

hinge/MMP2/infliximab is further elevated to about 120%, as compared with 

Infliximab. 

	

15 	 [0146] Example 5 

[0147] Neutralization of TNF-a Signal by Hinge/MMP2/infliximab 

[0148] Example 1.8 was performed to understand whether the IgG1 

hinge/MMP2/infliximab is still capable of neutralizing the TNF-a signal after the 

MMP2 treatment. 	Results, as summarized in Figure 8 indicate that the 

	

20 	conventional infliximab, whether with (group 4) or without (group 3) the MMP2 

treatment, can effectively block the TNF-a signal, as compared with the positive 

control (group 2). In contrast, the IgG1 hinge/MMP2/infliximab without the MMP2 

treatment (group 5) cannot substantially neutralize the TNF-a signal, whereas the 

MMP2-treated IgG1 hinge/MMP2/infliximab (group 6) effectively reduces the 

	

25 	TNF-a signal. These results demonstrate that the inhibitory domain proposed by 

the present invention is effective in blocking the binding between the functional 

antibody domain and the intended ligand of the functional antibody. Moreover, 

this experiment also establishes that the functionality of the functional domain of 

the present hinge antibody could be restored by the MMP2 treatment. 

	

30 	 [0149] Example 6 

[0150] Inhibition and Restoration of Antigen-Binding Activity of 

Various Hinge/MMP2/Antibodies 
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[0151] The antigen-binding capacities of various hinge/MMP2/anti-HER2 

antibodies before and after MMP2 treatment are summarized in Figure 9, Figure 

10 and Table 1. 

5 	 Table 1 

Antibody (INN) 	 Hinge domain Inhibition (%) 

Anti-TNF-a (Infliximab) 	 IgG1 99.5 

IgG2 94 

IgG3 99 

IgG4 68.5 

IgA1 97.5 

IgA2 76.5 

Anti-EGFR(Panitumumab) 	 IgG1 89 

Anti-HER2(Trastuzumab) 	 IgG1 73 

Anti-TNF-a (Adalimumab) 	 IgG1 90 

IgG2 90 

IgG3 90 

IgG4 90 

IgA1 90 

IgA2 90 

Anti-RANK-L (Denosumab) 	 IgG1 98 

IgG2 98 

IgG3 98 

IgG4 98 

IgA1 98 

IgA2 98 

Anti-CTLA-4 (Ipilimumab) 	 IgG1 95 

Anti-CTLA-4 (Tremelimumab) 	IgG1 87 

Anti-IL 113 (Canakinumab) 	 IgG1 97 

INN, International nonproprietary name. 
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[0151] The antigen-binding capacities of various hinge/MMP2/anti-HER2 

antibodies before and after MMP2 treatment are summarized in Figure 9, Figure 

10 and Table 1. 

5 Table 1 

Antibody (INN) Hinge domain Inhibition (%) 

Anti-TNF-a (Infliximab) igGi 99.5 
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[0152] Referring to both Figure 9 and Table 1, before the MMP2 treatment, 

the antigen-binding activity of the inactivated IgG1 hinge/MMP2/trastuzumab is 

about 27%, indicating that about 73% of the binding capability of the functional 

anti-HER2 domain is inhibited by the attached inhibitory domain. About 1.5 hours 

5 after MMP2 treatment, the IgG1 hinge/MMP2/trastuzumab antibodies are 

substantially activated and the binding capability is restored to about 97%. 

[0153] The 	antigen-binding 	activity 	of 	the 	inactivated 	IgG1 

hinge/MMP2/panitumumab before MMP2 treatment is about 11%, indicating that 

about 89% of the binding capability of the functional anti-EGFR domain is inhibited 

10 by the attached inhibitory domain. 	Substantial activation of the IgG1 

hinge/MMP2/panitumumab is achieved at around 2 hours after the MMP2 

treatment, evidenced by the antigen binding capability of about 90%. 

[0154] In sum, various IgG1 hinge/MMP2/antibodies exhibit about 73% to 

99.5% inhibition to the binding between the hinge antibodies and their respective 

15 

	

	ligands, and the binding affinity can be restored to about 100% after the MMP2 

treatment. 

[0155] To understand the effect of the hinge domain on the inhibitory effect 

of the hinge antibody, hinge domains from different immunoglobulins (e.g., IgG 1, 

IgG 2, IgG 3, IgG 4, IgA1 and IgA2) were attached to the functional antibodies as 

20 

	

	described above. All of the hinge domains are capable of substantially inhibiting 

the binding of the hinge antibody to its intended ligand when the hinge antibody is 

not activated. In particular, the antigen-binding capabilities of IgG1, IgG2, IgG3, 

IgG4, IgA1, IgA2 hinge/MMP2/anti-TNF-a antibody before MMP2 treatment are 

0.5%, 6%, 1%, 31.5%, 2.5% and 23.5%, respectively (Figure 10). Also, after 

25 

	

	activation with MMP2, the binding abilities of these activated antibodies are 

restored to 100% (Figure 10). 

[0156] These results indicate that the inhibitory domain proposed by the 

present invention can block about 73 to 99.5% binding affinity of the functional 

antibody domain, and the binding affinity of the hinge antibody could be revived to 

30 

	

	about 90 to 100% by the MMP2 treatment, suggesting that the design scheme of 

the present hinge antibody could be applied to any clinically-available antibodies. 

[0157] Example 7 
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[0158] Localization and Activation of Hinge-aEGFR Antibody in Animal 

Model 

[0159] Panitumumab (an anti-aEGFR antibody) has been used in the 

treatment of EGFR-expressing colorectal cancer. 	In this example, a 

	

5 	hinge/MMP2/panitumumab (hereinafter, the hinge-aEGFR antibody) was prepared 

and the in vivo localization and activation were examined using colon 

tumor—bearing mice. 

[0160] Anti-aEGFR antibody (panitumumab) and the hinge-aEGFR antibody 

were prepared in accordance with the protocols set forth in Example 1, above. 

	

10 	The anti-aEGFR antibody and hinge-aEGFR antibody were then conjugated with a 

commercially available cyanine dye, IR820 (purchased from Sigma 543365). 

[0161] Nude mice with an average body weight of 20 grams were 

transplanted with human colon cancer cells, HCT116 (EGFR+/MMP+. The 

HCT116 (EGFR+/MMP+) colon tumor—bearing mice were i.v. injected with 5 mg/kg 

15 of IR820-anti-aEGFR antibody or the IR820-hinge-aEGFR antibody with PBS or 

MMP inhibitor (5 mg/kg of 1.10-phenanthroline monohydrate purchased from 

Sigma ). The optical imaging was carried out 48 hours after the injection by 

imaging the mice with an IVIS Spectrum/CT imaging system (Caliper Life Sciences, 

PE) at excitation and emission wavelengths of 710 and 820 nm, respectively. 

	

20 	During the imaging procedure, mice were kept under gaseous anesthesia (5% 

isoflurane) at 37°C. Representative images are provided in Figure 11. 

[0162] The optical imaging provides a quantitative measure of the 

3-dimensional distribution of a fluorescent-signal administered to a live subject 

noninvasively. In theory, the hinge-aEGFR antibody, once reached the tumor site 

	

25 	would be activated under the action of the MMP2 protease, and then the activated 

functional antibody could bind with the EGFR-positive tumor cells. 

[0163] As can be seen in Figure 11, the activated hinge-aEGFR antibody 

(the third image from the left), like the anti-aEGFR antibody (the first image from 

the left), was selectively localized to the tumor site. Further, judging by the color 

	

30 	recorded in the images, the accumulation level of the activated hinge-aEGFR 

antibody at the tumor site was equivalent to that of the anti-aEGFR antibody at the 

tumor site. 
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[0164] Moreover, by comparing the two sets of images respectively treated 

with anti-aEGFR antibody and hinge-aEGFR antibody in Figure 11, it is noted that 

in the presence of MMP inhibitor, less hinge-aEGFR antibody was activated and 

bound to the EGFR-positive tumor cells. These data indicated that the activation 

	

5 	of the hinge-aEGFR antibody was inhibited by MMP inhibitor. Also, this result 

confirmed that the activation of the hinge/MMP2 antibody according to 

embodiments of the present disclosure is accomplished by the action of the 

cleavage enzyme (such as the MM P2). 

[0165] Example 8 

	

10 	 [0166] Anti-inflammatory Effects of Hinge-TNFaAntibody in Animal 

Model 

[0167] Anti-TNFa antibody, such as adalimumab, has been used to treat 

several conditions where the suppression of the immune response is desired. In 

this example, the efficacy of IgG1 hinge/MMP2/adalimumab (hereinafter, the 

	

15 	hinge-TNFa antibody) for treating collagen-induced arthritis (CIA) was investigated. 

CIA is a chronic autoimmune model of human rheumatoid arthritis and is widely 

used for dissecting molecular and cellular mediators of rheumatoid arthritis. 

[0168] Anti-TNFa antibody (adalimumab) and the hinge-TNFa antibody 

were prepared in accordance with the protocols set forth in Example 1, above. 

	

20 	 [0169] Animal model of collagen-induced arthritis was established as follows. 

Male DBA/1 mice (8 to 10 weeks old) were immunized by intradermal injection at 

the base of the tail with 100 pg of bovine type II collagen (Chondrex, Inc., 

Redmond, WA, USA) emulsified with equal volumes of Freund's complete adjuvant 

(Chondrex, Inc., Redmond, WA, USA). The procedure was repeated three weeks 

	

25 	after the first immunization. Mice were inspected every 2 to 3 days and each 

mouse that exhibited erythema and/or paw swelling in one or more limbs was 

assigned to treatment study. At the onset of arthritis, mice were given an i.p. 

injection of PBS, anti-TNFa antibody or hinge-TNFa antibody (100 pg/mice). The 

inflammation of the 4 paws was graded from 0 to 4 as follows: 0 = no swelling and 

	

30 	focal redness; 1 = swelling of finger joints; 2= slight swelling of ankle or wrist joints; 

3 = severe inflammation of the entire paw; and 4 = deformity or ankylosis. Each 

paw was graded and the 4 scores were totaled, and hence the maximum possible 

inflammation score per mouse was 16. The results are summarized in Figure 12. 
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[0170] The data in Figure 12 indicated that the inflammation scores of mice 

treated with anti-TNFa antibody (adalimumab) and the hinge-TNFa antibody were 

significantly lowered than those treated with PBS. Moreover, the inflammation 

scores of mice treated with the present hinge-TNFa antibody were lower than the 

	

5 	scores of those treated with the commercially-available anti-TNFa antibody. 

Therefore, these data evidenced that the present hinge-TNFa antibody can be 

used to treat rheumatoid arthritis. 

[0171] It should be noted that, although the hinge antibodies of the above 

embodiments and working examples are derived from monoclonal antibodies, the 

	

10 	present disclosure is not limited thereto. Rather, the design scheme provided by 

the present application is applicable to other antibody-based therapeutics. For 

example, the inhibitory domain proposed in this disclosure can be attached to the 

N-termini of a bispecific antibody (e.g., catumaxomab) in a way similar to those 

discussed herein. Other antibody-based therapeutics suitable for use in the 

	

is 	present invention include, but are not limited to, bispecific diabody, trispecific Fab3  

antibodies, bivalent minibodies, triabody, tetrabody, 	scFv fragments, Fab 

fragments, and Bis-scFv fragments. 

[0172] It will be understood that the above description of embodiments is 

given by way of example only and that various modifications may be made by 

	

20 	those with ordinary skill in the art. The above specification, examples and data 

provide a complete description of the structure and use of exemplary embodiments 

of the invention. Although various embodiments of the invention have been 

described above with a certain degree of particularity, or with reference to one or 

more individual embodiments, those with ordinary skill in the art could make 

	

25 	numerous alterations to the disclosed embodiments without departing from the 

spirit or scope of this invention. 
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WHAT IS CLAIMED IS: 

1. A hinge antibody capable of being selectively activated in a target cell or 

tissue to treat a condition therein, comprising: 

a functional antibody capable of treating the condition in an activated state, 

	

5 	comprising two light chains and two heavy chains; 

two inhibitory domains, wherein each inhibitory domain consists of two 

peptide arms interconnected by disulfide bonds; and four cleavable linkers, 

wherein each cleavable linker comprises a peptide substrate cleavable by an 

enzyme that is specifically or highly expressed in the target cell or tissue, and 

	

10 	connects one of the two peptide arms of the two inhibitory domains to the 

N-terminals of one of the two light chains and two heavy chains of the functional 

antibody. 

2. The hinge antibody of claim 1, wherein the functional antibody is selected 

is from the group consisting of, anti-TNF-a antibody, anti-RANKL antibody, 

anti-CTLA-4 antibody, anti-HER2 antibody, anti-EGFR antibody, anti-VEGF 

antibody, anti-VEGFR2) antibody, anti-IL6R antibody, anti-IL12/23 antibody, 

anti-CD3 antibody, anti-CD11a antibody, anti-CD20 antibody, anti-CD25 antibody, 

anti-CD30 antibody, anti-CD33 antibody and anti-CD52 antibody 

20 

3. The hinge antibody of claim 1, wherein the light chain of the functional 

antibody has any of the amino acid sequences of SEQ ID Nos. 1, 2, 3, 4, 5, 6, 7, 8 

or 9, and the heavy chain of the functional antibody has any of the amino acid 

sequences of SEQ ID Nos. 58, 59, 60, 61, 62, 63, 64, 65 and 66. 

25 

4. The hinge antibody of claim 1, wherein each of the two inhibitory domains 

is a hinge domain of an immunoglobulin A (IgA) , immunoglobulin D (IgD) or an 

immunoglobulin G (IgG), or a fragment of the hinge domain. 

30 	 5. The hinge antibody of claim 4, wherein the IgA is IgA1 or IgA2. 

6. The hinge antibody of claim 4, wherein the IgG is IgG1, IgG2, IgG3 or 

IgG4. 

36 

WO 2014/193973 PCT/US2014/039821 

WHAT IS CLAIMED IS: 

1. A hinge antibody capable of being selectively activated in a target cell or 

tissue to treat a condition therein, comprising: 

a functional antibody capable of treating the condition in an activated state, 

5 comprising two light chains and two heavy chains; 

two inhibitory domains, wherein each inhibitory domain consists of two 

peptide arms interconnected by disulfide bonds; and four cleavable linkers, 

wherein each cleavable linker comprises a peptide substrate cleavable by an 

enzyme that is specifically or highly expressed in the target cell or tissue, and 

10 connects one of the two peptide arms of the two inhibitory domains to the 

N-terminals of one of the two light chains and two heavy chains of the functional 

antibody. 

2. The hinge antibody of claim 1, wherein the functional antibody is selected 

15 from the group consisting of, anti-TNF-a antibody, anti-RANKL antibody, 

anti-CTLA-4 antibody, anti-HER2 antibody, anti-EGFR antibody, anti-VEGF 

antibody, anti-VEGFR2) antibody, anti-IL6R antibody, anti-lL12/23 antibody, 

anti-CD3 antibody, anti-CD11a antibody, anti-CD20 antibody, anti-CD25 antibody, 

anti-CD30 antibody, anti-CD33 antibody and anti-CD52 antibody 

20 

3. The hinge antibody of claim 1, wherein the light chain of the functional 

antibody has any of the amino acid sequences of SEQ ID Nos. 1,2,3, 4, 5, 6, 7, 8 

or 9, and the heavy chain of the functional antibody has any of the amino acid 

sequences of SEQ ID Nos. 58, 59, 60, 61, 62, 63, 64, 65 and 66. 

25 

4. The hinge antibody of claim 1, wherein each of the two inhibitory domains 

is a hinge domain of an immunoglobulin A (IgA) , immunoglobulin D (IgD) or an 

immunoglobulin G (IgG), or a fragment of the hinge domain. 

30 5. The hinge antibody of claim 4, wherein the IgA is lgA1 or lgA2. 

6. The hinge antibody of claim 4, wherein the IgG is IgG 1, lgG2, lgG3 or 

lgG4. 

36 



WO 2014/193973 	 PCT/US2014/039821 

7. The hinge antibody of claim 4, wherein each of the inhibitory domains 

comprises any of the amino acid sequences of SEQ ID Nos. 10, 11, 12, 13, 14, 15, 

54 or 55. 

5 

8. The hinge antibody of claim 1, wherein the peptide substrate is cleavable 

by any of the following enzyme: a matrix metalloproteinase (MMP), a cathepsin 

(CTS), a caspase (CASP), or a disintegrin and metalloproteinase (ADAM). 

10 	 9. The hinge antibody of claim 8, wherein the enzyme is MMP-2 or MMP-9 

and each cleavable linker comprises the amino acid sequence of SEQ ID No. 16. 

10. The hinge antibody of claim 1, wherein, 

the functional antibody is an anti-TNF-a antibody, wherein the light chain 

is 	thereof comprises the amino acid sequence of SEQ ID No. 1, and the heavy chain 

thereof comprises the amino acid sequence of SEQ ID No. 58; 

each of the cleavable linkers comprises the amino acid sequence of SEQ ID 

No. 16; and 

each of the inhibitory domains comprises the amino acid sequence of SEQ 

20 	ID No. 10. 

11. An expression system for producing a hinge antibody capable of being 

selectively activated in a target cell or tissue to treat a condition therein, 

comprising, 

25 	 a first nucleic acid sequence, comprising, from 5' to 3', 

a first inhibitory domain-encoding region encoding a first peptide arm of an 

inhibitory domain of the hinge antibody, wherein the inhibitory domain comprises a 

hinge domain of an immunoglobulin , or a fragment of the hinge domain, 

a first cleavable linker-encoding region encoding a cleavable linker of the 

30 	hinge antibody, wherein the cleavable linker is a peptide substrate cleavable by an 

enzyme that is specifically or highly expressed in the target cell or tissue, and 
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a light chain-encoding region encoding a light chain of a functional antibody 

of the hinge antibody, wherein the functional antibody is capable of treating the 

condition in an activated state; and 

a second nucleic acid sequence, comprising, from 5' to 3', 

	

5 	 a second inhibitory domain-encoding region encoding a second peptide arm 

of the inhibitory domain of the hinge antibody , 

a second cleavable linker-encoding region encoding the cleavable linker of 

the hinge antibody , and 

a heavy chain-encoding region encoding a heavy chain of the functional 

	

10 	antibody of the hinge antibody. 

12. The expression system of claim 11, further comprising a connecting 

nucleic acid sequence connecting the first nucleic acid sequence and the second 

nucleic acid sequence, wherein the connecting nucleic acid sequence is a 

	

15 	Furin-2A-encodung sequence or an internal ribosome entry site (IRES) sequence. 

13. The expression system of claim 12, further comprising a regulatory 

sequence operably linked to the first nucleic acid sequence and the second nucleic 

acid sequence to express the first nucleic acid sequence, the second nucleic acid 

	

20 	sequence and the connecting nucleic acid sequence. 

14. The expression system of claim 11, further comprising, 

a first regulatory sequence operably linked to the first nucleic acid sequence 

to express the first nucleic acid sequence; and 

	

25 	 a second regulatory sequence operably linked to the second nucleic acid 

sequence to express the second nucleic acid sequence. 

15. The expression system of claim 14, wherein, 

the first nucleic acid sequence and first regulatory sequence are 

	

30 	constructed in a first expression vector; and 

the second nucleic acid sequence and second regulatory sequence are 

constructed in a second expression vector. 
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16. The expression system of claim 14, wherein the first nucleic acid 

sequence, the first regulatory sequence, the second nucleic acid sequence, and 

the second regulatory sequence are constructed in a single expression vector. 

	

5 	 17. The expression system of claim 11, wherein the functional antibody is 

selected from the group consisting of, anti-TNF-a antibody, anti-RANKL antibody, 

anti-CTLA-4 antibody, anti-HER2 antibody, anti-EGFR antibody, anti-VEGF 

antibody, anti-VEGFR2) antibody, anti-IL6R antibody, anti-IL12/23 antibody, 

anti-CD3 antibody, anti-CD11a antibody, anti-CD20 antibody, anti-CD25 antibody, 

	

10 	anti-CD30 antibody, anti-CD33 antibody and anti-CD52 antibody. 

18. The expression system of claim 11, wherein the immunoglobulin is an 

immunoglobulin A (IgA), an immunoglobulin D (IgD), or an immunoglobulin G 

(IgG). 

15 

19. The synthetic nucleic acid molecule of claim 18, wherein the IgA is IgA1 

or IgA2. 

20. The synthetic nucleic acid molecule of claim 18, wherein the IgG is IgG1, 

20 	IgG2, IgG3 or IgG4. 

21. The synthetic nucleic acid molecule of claim 11, wherein the peptide 

substrate is cleavable by any of the following enzyme: a matrix metalloproteinase 

(MMP), a cathepsin (CTS), a caspase (CASP), or a disintegrin and 

25 	metalloproteinase (ADAM). 

22. The synthetic nucleic acid molecule of claim 11, wherein the synthetic 

nucleic acid molecule has a nucleotide sequence that is any of SEQ ID Nos. 17 to 

50. 
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23. A method for treating cancer or an autoimmune disease in a subject, 

comprising administering to the subject a therapeutically effective amount of the 

hinge antibody of any of claims 1 to 10. 
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16. The expression system of claim 14, wherein the first nucleic acid 

sequence, the first regulatory sequence, the second nucleic acid sequence, and 

the second regulatory sequence are constructed in a single expression vector. 

5 17. The expression system of claim 11, wherein the functional antibody is 

selected from the group consisting of, anti-TNF-a antibody, anti-RANKL antibody, 

anti-CTLA-4 antibody, anti-HER2 antibody, anti-EGFR antibody, anti-VEGF 

antibody, anti-VEGFR2) antibody, anti-IL6R antibody, anti-IL12/23 antibody, 

anti-CD3 antibody, anti-CD11a antibody, anti-CD20 antibody, anti-CD25 antibody, 

10 anti-CD30 antibody, anti-CD33 antibody and anti-CD52 antibody. 

18. The expression system of claim 11, wherein the immunoglobulin is an 

immunoglobulin A (IgA), an immunoglobulin D (IgD), or an immunoglobulin G 

(IgG). 

15 

19. The synthetic nucleic acid molecule of claim 18, wherein the IgA is lgA1 

or lgA2. 

20. The synthetic nucleic acid molecule of claim 18, wherein the IgG is IgG 1, 

20 lgG2, lgG3 or lgG4. 

21. The synthetic nucleic acid molecule of claim 11, wherein the peptide 

substrate is cleavable by any of the following enzyme: a matrix metalloproteinase 

(MMP), a cathepsin (CTS), a caspase (CASP), or a disintegrin and 

25 metalloproteinase (ADAM). 

22. The synthetic nucleic acid molecule of claim 11, wherein the synthetic 

nucleic acid molecule has a nucleotide sequence that is any of SEQ ID Nos. 17 to 

50. 

30 

23. A method for treating cancer or an autoimmune disease in a subject, 

comprising administering to the subject a therapeutically effective amount of the 

hinge antibody of any of claims 1 to 10. 

39 
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24. The method of claim 23, wherein the hinge antibody is administered 

subcutaneously, orally, intravenously, intrathecally or intramuscularly. 
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24. The method of claim 23, wherein the hinge antibody is administered 

subcutaneously, orally, intravenously, intrathecal^ or intramuscularly. 
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