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The present invention relates to an insulin assay and insulin assay reagent 

utilizing an immune reaction. In particular, this invention involves an antibody that 

reacts with insulin bound to another anti-insulin antibody but does not react with insulin 

not bound to the anti-insulin antibody. 

BACKGROUND ART 

[0002] 

Insulin is a peptide hormone (molecular weight: approximately 5800) that is 

produced via a precursor, proinsulin, in the beta cells in the pancreatic islets of 

Langerhans. Insulin is involved in sugar, amino acid, and fat metabolism, and it is 

physiologically important in the hypoglycemic effect. Diabetes is caused by insufficient 

insulin secretion due to decrease in or the functional deterioration of beta cells or due to 

insufficient insulin action in peripheral tissues. Therefore, the measurement of blood 

insulin concentration reflecting the insulin secretory function of beta cells is a useful 

index for the diagnosis and understanding of the clinical condition of diabetes and 

determination of the cause of abnormal glucose tolerance. 

[0003] 

The following techniques are known insulin assays using monoclonal 

antibodies. 

Patent Document 1 discloses a method of quantitating insulin in accordance 

with an enzyme-linked immunosorbent assay (ELISA). This assay uses a monoclonal 

antibody bound to an insoluble carrier and a monoclonal antibody not competing with 

the said antibody for an epitope that is labeled with an enzyme. 
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Patent Document 2 discloses a method of quantitating insulin in accordance 

with a particle agglutination immunoassay. This assay uses two monoclonal antibodies 

that have different recognition sites and are bound to insoluble carriers. 

Although both documents disclose methods of assaying insulin using a 

plurality of monoclonal antibodies that have different recognition sites for insulin, no 

disclosure is made regarding the cross-reactivity with proinsulin or insulin analogs, such 

as insulin analog formulations. Therefore, it is not known whether insulin can be 

measured specifically and sensitively. 

PRlOR ART DOCUMENTS 

PATENT DOCUMENTS 

[0004] 

Patent Document 1: Japanese Laid-Open Patent Publication No. HOl-148962 

Patent Document 2: Japanese Laid-Open Patent Publication No. H03-l 18472 

SUMMARY OF THE INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0005] 

The present invention provides an insulin-specific assay and an assay reagent 

capable of sensitively and specifically assaying insulin without being affected by 

proinsulin and insulin analogs. 

MEANS FOR SOLVING THE PROBLEM 

[0006] 

As a result of extensive research, the inventors surprisingly discovered that 

insulin can sensitively and specifically be assayed without being affected by proinsulin 

and insulin analogs by combining a first monoclonal antibody reactive with insulin with 

a second monoclonal antibody reactive with insulin bound to the first monoclonal 

antibody but not with insulin not bound to the first monoclonal antibody. Through 

further research, the inventors discovered that various forms of this insulin assay can be 



3
PCT_JP2010_062261 English translaton.doc 

Page 3 of49 

established using antibodies reactive with insulin bound to anti-insulin antibodies 

(insulin-anti-insulin antibody complexes, hereinafter, sometimes referred to as 

"insulin-antibody complex"), thereby completing the present invention. Therefore, the 

present invention includes the following constituent elements: 

[0007] 

[I] An insulin assay using an antibody that reacts with insulin bound to an anti­

insulin antibody but does not react with insulin not bound to an anti-insulin antibody. 

[2] The insulin assay of [I], using two types of antibodies, wherein 

1) a first antibody reacts with insulin, and 

2) a second antibody reacts with insulin bound to the first antibody but does not 

react with insulin not bound to the first antibody. 

[3] The insulin assay of [2], wherein both the first and second antibodies are 

· monoclonal antibodies. 

[ 4] The insulin assay of [2], wherein the first antibody is a polyclonal antibody and 

the second antibody is a monoclonal antibody. 

[5] The insulin assay of [3], wherein the first monoclonal antibody consists of two 

or more monoclonal antibodies having different recognition sites. 

[6] The insulin assay of any one of [3] to [5], wherein at least one of the 

monoclonal antibodies is an antibody that is not reactive with proinsulin or insulin 

analogs. 

[7] The insulin assay of any one of [3] to [6], wherein the second monoclonal 

antibody is an antibody that is not reactive with proinsulin or insulin analogs. 

[8] The insulin assay of any one of [3], [5], [6], and [7], wherein the first and 

second monoclonal antibodies are immobilized to latex and insulin is assayed by a latex 

immunoagglutination assay . 

[9] The insulin assay of any one of [3], [5], [6], and [7], wherein the first 

monoclonal antibody is immobilized to a solid phase, the second monoclonal antibody 

is labeled with a labeling material, and insulin is assayed by ELISA. 

[IO] The insulin assay of any one of [3], [5], [6], and [7], wherein the first 

monoclonal antibody is labeled with a labeling material, the second monoclonal 
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antibody is immobilized to a solid phase, and insulin is assayed by ELISA or 

immunochromatography. 

[11] An insulin assay reagent comprising an antibody capable of reacting with 

insulin bound to an anti-insulin antibody while not reacting with insulin not bound to an 

anti-insulin antibody. 

[12] The insulin assay reagent of [11 ], comprising two types of antibody, wherein 

1) the first antibody has the property of reacting with insulin, and 

2) the second antibody has the property of reacting with insulin bound to the 

first antibody but does not react with insulin not bound to the first antibody. 

[13] The insulin assay reagent of [12], wherein both the first and second antibodies 

are monoclonal antibodies. 

[14] The insulin assay reagent of [12], wherein the first antibody is a polyclonal 

antibody and the second antibody is a monoclonal antibody. 

[15] The insulin assay reagent of [13], wherein the first monoclonal antibody 

consists of two ur more monoclonal antibodies having recognition sites different from 

each other. 

[16] The insulin assay reagent of any one of [13] to [15], wherein at least one of the 

monoclonal antibodies is an antibody that is not reactive with proinsulin or insulin 

analogs. 

[17] The insulin assay reagent of any one of [13] to [16], wherein the second 

. monoclonal antibody is an antibody that is not reactive with proinsulin or insulin 

analogs. 

[18] The insulin assay reagent of any one of [13], [15], [16], and [17], wherein the 

first and second monoclonal antibodies are immobilized in latex and insulin is assayed 

by latex immunoagglutination assay. 

[19] The insulin assay reagent of any one of [13], [15], [16], and [17], wherein the 

first monoclonal antibody is immobilized to a solid phase, the second monoclonal 

antibody is labeled with a labeling material, and insulin is assayed by ELISA. 

[20] The insulin assay reagent of any one of [13], [15], [16], and [17], wherein the 

first monoclonal antibody is labeled with a labeling material, the second monoclonal 
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antibody is immobilized to a solid phase, and insulin is assayed by ELISA or 

immunochromatography. 

[21] A monoclonal antibody having the following properties: 

1) not reacting with insulin that is not bound to an anti-insulin antibody, and 

2) reacting with insulin that is bound to an anti-insulin antibody. 

[22] The monoclonal antibody of [21 ], further having the property of not reacting 

with proinsulin or insulin analogs. 

[23] A method of screening monoclonal antibodies comprising the following steps: 

1) selecting an antibody reactive with insulin, and 

2) selecting a monoclonal antibody reactive with insulin that is bound to the 

antibody selected in step 1) but is not reactive with insulin that is not bound to the said 

antibody. 

EFFECT OF THE INVENTION 

[0008] 

With the present invention, insulin can be sensitively and specifically assayed 

without being affected by proinsulin and insulin analogs. Since insulin secretion from 

the beta cells can be accurately monitored by the present invention, the present 

invention may also be used for providing a picture of the clinical condition of diabetes 

and would therefore be very useful. 

BRJEF DESCRJPTION OF DRAWINGS 

[0009] 

[FIG. l] Figure 1 is a scheme of an amino acid sequence of insulin. In Fig. 1, (a) 

through ( e) are indicative of the variations in the amino acid sequence from various 

insulin analog formulations in consideration of reactivity with antibodies of the 

present invention. Alphabetic characters in the circles of Fig. 1 denote amino acids 

represented by one character. Insulin lispro: (a) and (b) are "K-P" instead of"P-K." 

Insulin aspart: (a) is "D" instead of"P." Insulin glargine: (d) is "G" instead of"N" and 

"RR" is added to "T" of(c). Insulin detemir: (c) is not "T" and myristic acid (C14H2s02) 
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is added to "K" of (b ). Insulin glulisine: (b) is "E" instead of "K" and ( e) is "K" instead 

of"N." 

[FIG. 2] Figure 2 is a diagram of the results of a test using Biacore (registered 

trademark) Tl 00 for examining reactivity of a 66221-antibody with insulin. 

[FIG. 3] Figure 3 is a diagram of the results of a test using Biacore (registered 

trademark) TlOO for examining reactivity of a 66226-antibody with insulin. 

[FIG. 4-1] Figure 4-1 is a diagram of the results of a test using Biacore (registered 

trademark) Tl 00 for examining reactivity of the 66221-antibody with proinsulin and 

various insulin analog formulations. (a), (b), and (c) are the results for proinsulin, 

insulin lispro, and insulin aspart, respectively. 

[FIG. 4-2] Figure 4-2 is the same as above. ( d) and ( e) are results for insulin glargine 

and insulin detemir, respectively. 

[FIG. 5-1] Figure 5-1 is a diagram of the results of a test using Biacore (registered 

trademark) Tl 00 for examining reactivity of the 66226-antibody with proinsulin and 

various insulin analog formulations. (a), (b), and (c) are results for proinsulin, insulin 

lispro, and insulin aspart, respectively. 

[FIG. 5-2] Figure 5-2 is the same as above. ( d) and ( e) are the results for insulin glargine 

and insulin detemir, respectively. 

[FIG. 6] Figure 6 is a diagram representing the results of an ELISA test for examining 

reactivity with insulin, proinsulin, and various insulin analog formulations by using tbe 

66221-antibody and 66226-antibody as tbe primary and secondary antibodies, 

respectively, with the primary antibody solid-phased on a plate. 

[FIG. 7] Figure 7 is a diagram of a result of an ELISA test for examining reactivity with 

insulin, proinsulin, and various insulin analog formulations using tbe 66226-antibody 

and 66221-antibody as tbe primary and secondary antibodies, respectively, with the 

primary antibody solid-phased on a plate. 

[FIG. 8] Figure 8 is a diagram of a result of a test using Biacore (registered trademark) 

TlOO for examining reactivity of the 66221-antibody (a) and 66226-antibody (b) with 

an insulin analog formulation, insulin glulisine. 
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[FIG. 9] Figure 9 is a diagram of a result of an ELISA test for examining reactivity with 

insulin, proinsulin, and an insulin analog formulation, insulin glulisine, using the 66221-

antibody and 66226-antibody as the primary and secondary antibodies, respectively, 

with the primary antibody solid-phased on a plate. 

[FIG. 1 OJ Figure 10 is a diagram of a result of an ELISA test for examining reactivity 

with insulin, proinsulin, and an insulin analog formulation, insulin glulisine, using the 

66226-antibody and 66221-antibody as the primary and secondary antibodies, 

respectively, with the primary antibody solid-phased on a plate. 

MODES FOR CARRYING OUT THE INVENTION 

[0010] 

Embodiments of the present invention will now be described by considering 

aspect [3] described below as an example, which is representative of the present 

invention. Aspect [3] is specifically described as follows: "an insulin assay using two 

types of monoclonal antibodies, wherein 

(1) the first monoclonal antibody reacts with insulin, and 

(2) the second monoclonal antibody reacts with insulin bound to the first 

monoclonal antibody and not with insulin not bound to the first monoclonal antibody." 

[OOll] 

The monoclonal antibodies of the present invention include the first and second 

. monoclonal antibodies, and these antibodies are used in combination for assaying 

insulin. The first monoclonal antibody may be any monoclonal antibody as long as it is 

reactive with insulin, and it cannot be only a whole antibody molecule but also a 

functional fragment that is reactive with insulin, such as the Fab' portion of the antibody. 

The second monoclonal antibody may be any monoclonal antibody as long as it 

has the properties of 1) and 2) as follows: 

1) the second monoclonal antibody is not reactive with insulin not bound to the 

first monoclonal antibody, and 

2) the second monoclonal antibody is reactive with insulin bound to the first 

monoclonal antibody. 
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If "the second monoclonal antibody reacts with insulin bound to the first 

monoclonal antibody" as described above, it is desirable that a reaction site (recognition 

site) of the second monoclonal antibody recognizes a change in the structure of insulin 

generated by binding to the first monoclonal antibody and reacts with the insulin having 

the changed structure. In this case, "a change in the structure of insulin" represents a 

change in the structure generated independently in an insulin molecule itself because of 

the formation of an insulin-antibody complex or a structure comprising an antibody and 

insulin molecule cooperatively in insulin bound to the antibody. 

[0012] 

Since it is desirable that the assay of the present invention not be affected by 

proinsulin and insulin analogs, at least one monoclonal antibody is desirably not 

reactive with proinsulin and insulin analogs. The insulin analogs specifically include 

insulin analog formulations such as insulin lispro, insulin aspart, insulin glargine, 

insulin detemir, and insulin glulisine. 

One form of the second monoclonal antibody of the present invention may be 

an antibody that does not cross-react with any of these compounds, and if such an 

antibody is used in the insulin assay, insulin can be specifically measured even in the 

presence of the compounds in a sample. If one of the monoclonal antibodies does not 

react with proinsulin and insulin analogs, the other monoclonal antibody may be 

reactive or nomeactive with these analogs. 

[0013] 

Although the expressions "reacts with" insulin, "recognizing" insulin, "binding 

to" insulin, and "exhibiting cross-reactivity with/cross-react with" insulin are used 

synonymously in this description, they must be construed in the broadest sense without 

being limited to these exemplifications. Whether an antibody "reacts with" an antigen 

(compound) such as insulin can be determined by solid-phase antigen ELISA, 

competitive ELISA, and sandwich ELISA described later and can also be identified by a 

method utilizing the principle of surface plasmon resonance (SPR method). The SPR 

method can be performed using devices, sensors, and reagents commercially available 

under the name ofBiacore (registered trademark). 
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Stating that an antibody of the present invention "does not react with" a 

compound suggests that the antibody of the present invention does not substantially 

react with the compound, while stating "not substantially reacting" suggests that 

enhanced reactivity of the antibody of the present invention is not recognized when 

Biacore (registered trademark) Tl 00 is used for immobilizing and assaying the antibody 

of the present invention based, for example, on the SPR method. In particular, it means 

that the reactivity between an antibody and a compound is not significantly different 

from the reactivity in the control experiment (with no compound added). Needless to 

say, it can be confirmed that an antibody is "not substantially reacting" with a 

compound by a method well known to those skilled in the art, in addition to the SPR 

method. 

[0015] 

An antibody of the present invention may recognize the entire insulin molecule 

or a portion as an antigen. 

[0016] 

A monoclonal antibody (66221-antibody) produced by a hybridoma (FERM 

BP-11233) can specifically be cited as the "first monoclonal antibody" and another 

monoclonal antibody (66226-antibody) produced by a hybridoma (FERM BP-11234) 

can be cited as the "second monoclonal antibody." 

[0017] 

The antibodies of the present invention can be easily produced by dissolving 

insulin as an antigen (immunogen) in solvent, such as phosphate-buffered saline (PBS), 

and administering this solution to immunize an animal. The immunization may be 

performed using an emulsion after adding an appropriate adjuvant to the solution as 

required. The adjuvant may be a widely used adjuvant, such as water-in-oil emulsion, 

water-in-oil-in-water emulsion, oil-in-water emulsion, liposome, or aluminum 

hydroxide gel as well as a protein or peptidic substance derived from biogenic 

components. For example, Freund's incomplete or complete adjuvant can be used in a 

preferred manner. Although not particularly limited, it is desired that the administration 
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route, administered dose, and administration time of the adjuvant are appropriately 

selected such that a desired immune response can be enhanced in an animal to be 

- immunized by the antigen. 

[0018] 

Although the choice of the animal used for the immunization is not particularly 

limited, it is preferably a mammal and can be a mouse, rat, bovine, rabbit, goat, and 

sheep, although a mouse is more preferred. The animal may be immunized in 

accordance with a common technique, e.g., the immunization can be achieved by 

subcutaneously, intracutaneously, intravenously, or intraperitoneally injecting the 

animal with a solution of an antigen, preferably a mixture with the adjuvant. Since an 

immune response is generally different depending on the type and strain of an animal to 

be immunized, it is desirable that an immunization schedule is appropriately set 

depending on the animal to be used. Preferably, the antigen administration is repeated 

several times after the initial immunization. 

[0019] 

A method of producing a monoclonal antibody itself can be performed in 

conformity with a method described, for example, in Antibodies, A Laboratory Manual 

(Cold Spring Harbor Laboratory Press, (1988)). The following operations are 

subsequently performed to acquire a monoclonal antibody, but these operations are not 

limitations. 

-- [0020] 

After the final immunization, the hybridoma can be produced by extracting 

spleen or lymph node cells, which are antibody-producing cells, from an immunized 

animal and by fusing these cells with proliferative myeloma cells. It is preferred that 

cells having high antibody-producing ability (quantitative and qualitative) be used for 

the cell fusion and that the myeloma cells be compatible with the animal from which the 

antibody-producing cells to be fused are derived. The cell fusion can be performed in 

accordance with a method known in the art, and a polyethylene glycol method, a 

method using Sendai virus, or a method utilizing electric current can be employed. The 

acquired hybridoma can be proliferated in accordance with a known method, and the 
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desired hybridoma can be selected while identifying the property of the produced 

antibody. The hybridoma can be cloned by a known method such as a limiting dilution 

or soft agar method. 

[0021] 

Selection of the hybridoma producing the first monoclonal antibody will be 

described. 

The hybridoma can efficiently be selected at the selection stage, considering 

the condition under which the produced antibody is actually used in the assay. For 

example, the hybridoma can be acquired by selecting a hybridoma that produces an 

antibody reactive with insulin through ELISA or RIA. In particular, first, the solid­

phase antigen ELISA, reacting a monoclonal antibody in the culture supernatant with 

solid-phased insulin and subsequently reacting labeled anti-IgG antibodies with solid­

phased insulin, is used for selecting a hybridoma that produces a monoclonal antibody 

that is highly reactive with insulin. 

A monoclonal antibody having a desired property can be produced by the mass 

cultivation of the hybridoma selected in this manner. A method of mass cultivation is 

not particularly limited and can include, e.g., a method of producing the monoclonal 

antibody in culture media by cultivating the hybridoma in appropriate culture media and 

a method of producing the antibody in abdominal dropsy by injecting the hybridoma 

into the abdominal cavity of a mammal for proliferation. The monoclonal antibody can 

- -be purified by appropriately combining anion exchange chromatography, affinity 

chromatography, the ammonium sulfate fractionation method, the PEG fractionation 

method, and the ethanol fractionation method. 

[0022] 

Hybridoma producing the second monoclonal antibody can be selected by 

appropriately combining the following methods: a selection method using insulin bound 

to the first monoclonal antibody in place of the solid-phased insulin used in case of 

selection of the hybridoma producing the first monoclonal antibody (a method in which 

insulin is bound to the first solid-phased monoclonal antibody to observe the sandwich 

formation with a candidate of the second monoclonal antibody), a selection method in 
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which the candidate of the second monoclonal antibody is solid-phased to observe the 

reactivity with an insulin-antibody complex formed by incubating the first monoclonal 

antibody and insulin in advance, or a method in which antibodies exhibiting no 

reactivity with insulin are selected using Biacore (registered trademark) TlOO for 

identification. 

[0023] 

The antibodies related to the present invention can be whole antibody 

molecules as well as functional fragments having antigen-antibody reaction activity. 

The antibodies can be those acquired through immunization of animals, by a gene 

recombination technique, or chimeric antibodies. The functional fragments of antibodies 

include F(ab')2 and Fab', and these functional fragments can be produced by processing 

the antibodies acquired as described above with a proteolytic enzyme (e.g., pepsin or 

papain). 

[0024] 

One or both of the first and second monoclonal antibodies of the present 

invention may be immobilized on an insoluble carrier or labeled with a well-known and 

commonly used labeling material, which we will describe later. We may refer to them 

as "immobilized (solid phase) antibodies" and labeled antibodies, respectively. Such 

immobilized or labeled antibodies are included in the scope of the present invention. 

For example, an immobilized antibody can be produced by causing an insoluble carrier 

to physically adsorb or chemically bind to a monoclonal antibody (a suitable spacer may 

exist in between them). The insoluble carrier can be made of a polymer base material 

such as a polystyrene resin, an inorganic base material such as glass, and a 

polysaccharide base material such as cellulose and agarose, and the shape is not 

particularly limited and can be selected arbitrarily. For example, the insoluble carrier 

may be in the shape of a plate (e.g., microplate and membrane), beads, particles (e.g., 

latex particles and colloidal gold particles), or a cylinder (e.g., test tube). 

[0025] 

The amount of insulin in a sample may be determined using a labeled antibody, 

such as a labeled protein A or G, which can bind to the second monoclonal antibody of 
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the present invention. Labeling materials for antibodies include enzymes, fluorescent 

materials, chemiluminescent materials, biotin, avidin, radio isotopes, colloidal gold 

particles, and colored latex. Labeling materials can be bound to the antibodies by 

conventional methods, such as glutaraldehyde, maleimide, pyridyl disulfide, or periodic 

acid method. However, the types of immobilized or labeled antibody and the producing 

methods are not limited to those described above. For example, when ari enzyme such 

as peroxidase or alkaline phosphatase is used as a labeling material, the enzymatic 

activity may be assayed using a specific substrate of the enzyme, e.g., o­

phenylenediamine (OPD) or 3,3',5,5'-tetramethylbenzidine for horseradish peroxidase 

(HRP), and p-nitrophenyl phosphate for ALP. When biotin is used as the labeling 

material, at least avidin or enzyme-modified avidin is normally used in the reaction. 

[0026) 

In this description, an "insoluble carrier" may be represented as a "solid 

phase," and physically or chemically supporting an antigen or antibody with an 

insoluble carrier or the supporting state may be represented as "immobilizing," 

"immobilized," "solid phase," "sensitization," or "adsorption." The term "detection" or 

"measurement" must be construed in the broadest sense, including the existence proof 

and/or quantitation of insulin. 

[0027) 

"Samples," which contain the analyte to be detected in an assay using the 

antibodies of the present invention, can mainly be body fluids derived from a living 

body (organism). The body fluids can specifically include, but are not limited to, blood 

(whole blood), serum, plasma, urine, saliva, phlegm, pancreas extract, lacrimal fluid, 

otorrhea, and prostatic fluid. 

[0028) 

The form of an assay reagent (kit) provided by the present invention is not 

particularly limited as long as the reagent is capable of assaying insulin. Representative 

label immunoassays, i.e., ELISA and immunochromatography, and a representative 

particle agglutination immunoassay, i.e., latex immunoagglutination assay (LITA), will 

hereafter be considered examples and described. 
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The form of the assay reagent (kit) for detecting insulin present in a sample can 

include the following elements: 

(a) a solid phase (such as a plate) with the first monoclonal antibody 

immobilized, and 

(b) the second monoclonal antibody labeled with a labeling material. 

[0030] 

The solid phase (such as a plate) with the first monoclonal antibody 

immobilized captures insulin in a sample to form an insulin-antibody complex. The 

second monoclonal antibody labeled with the labeling material reacts with the insulin­

antibody complex to form a sandwich, and the insulin in the sample can be assayed by 

measuring an amount of the labeling material by a method suitable for the labeling 

material. With regard to specific methods for configuring the assay reagent (kit), such as 

a method for immobilizing the first monoclonal antibody to the solid phase and a . 

method for labeling the second monoclonal antibody with the labeling material, well­

known techniques can be used without limitation, in addition to those described here. 

-- -- Although this configuration can be formed as a homogeneous assay system, it is 

preferred that the configuration is formed as a heterogeneous assay system. 

[0031] 

Aspect [19] can be recommended as a particularly preferred form (the insulin 

assay reagent of any one of aspects [13], [15], [16], and [17], wherein the first 

monoclonal antibody is immobilized to a solid phase, the second monoclonal antibody 

is labeled with a labeling material, and insulin is assayed by ELISA). 

[0032] 

Considering the sensitivity and specificity of the assay reagent, the 

configuration reversed from the above can be employed as follows: 

(a) the first monoclonal antibody labeled with a labeling material, and 

(b) a solid phase (such as a plate) with the second monoclonal antibody 

immobilized. 
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In case of this configuration, the test sample is preferably mixed with a solution 

containing the first monoclonal antibody labeled with a labeling material to form the 

insulin-antibody complex in the solution in advance, and the insulin-antibody complex 

is added to the solid phase with the second monoclonal antibody immobilized. In this 

configuration, with the aim of enhancing the sensitivity, two or more monoclonal 

antibodies having different recognition sites can be used in a preferred manner as the 

first monoclonal antibody labeled with a labeling material, i.e., aspect [15] (the insulin 

assay reagent of aspect [13], wherein the first monoclonal antibody consists of two or 

more monoclonal antibodies having different recognition sites). 

[0033] 

Aspect [20] can be recommended as a particularly preferred form (the insulin 

assay reagent of any one of aspects [13], [15], [16], and [17], wherein the first 

monoclonal antibody is labeled with a labeling material, the second monoclonal 

antibody is immobilized to a solid phase, and insulin is assayed by ELISA). 

[0034] 

Label-linked Immunoassay: Immunochromatography 

Typical immunochromatography is configured such that in order of distance 

from the edge in the longitudinal direction on a sheet-shaped solid-phase support such 

as a membrane, a test sample solution continuously moves because of capillarity 

(capillary phenomenon) through: "l. a sample loading site," "2. a labeled reagent site 

that holds, in a spreadable manner on the membrane, a labeled reagent containing the 

first monoclonal antibody (the first monoclonal antibody is labeled with a labeling 

material such as colloidal gold particles)," and "3. a capture reagent site with the 

second monoclonal antibody immobilized for capturing the complex of the first 

monoclonal antibody labeled with the labeling material and insulin." 

In particular, when a predetermined amount of a test sample containing insulin 

is added to the sample loading site, the sample infiltrates the labeled reagent site in the 

course of spreading and moving on the solid-phase support, and the insulin binds to the 

labeled reagent (containing the first monoclonal antibody) to form a labeled reagent­

insulin complex (an insulin-labeled reagent complex). The labeled reagent-insulin 
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complex continues spreading and moving on the membrane, and when infiltrating into 

the capture reagent site on the membrane, which contains the second monoclonal 

antibody, the complex is captured by the capture reagent immobilized on the solid­

phase support to form a capture reagent (second monoclonal antibody)-insulin-labeled 

reagent (first monoclonal antibody) complex at the site. The presence of the analyte can 

be determined by detecting the labeled reagent by a method of your choice, e.g., 

detecting the appearance of agglutination (agglutination image/picture) in the case of 

- --- visible colloidal gold particles and detecting the chromogenic reaction due to addition 

of a substrate in case of enzyme. 

Although there are separate descriptions for "1. the sample loading site" and "2. 

a labeled reagent site that holds, in a spreadable manner on the membrane, a labeled 

reagent containing the first monoclonal antibody (the first monoclonal antibody is 

labeled with a labeling material such as colloidal gold particles)" in order of the 

movement direction of the test sample to facilitate understanding, those skilled in the art 

can obviously understand that well-known forms/configurations may be employed, such 

as a stacked structure in the order of"l" and "2" from the top. 

[0035] 

In immunochromatography, an insulin-antibody complex is formed at the time 

of passage of the test sample through "2. a labeled reagent site that holds, in a 

spreadable manner on the membrane, a labeled reagent containing the first monoclonal 

_antibody (the first monoclonal antibody is labeled with a labeling material such as 

colloidal gold particles)," and therefore, with a view to enhance the sensitivity, as in the 

case of ELISA, two or more monoclonal antibodies having different recognition sites 

can be used in a preferred manner as the first monoclonal antibody labeled with the 

labeling material, i.e., aspect [15] (the insulin assay reagent of aspect [13], wherein the 

first monoclonal antibody consists of two or more monoclonal antibodies having 

different recognition sites). 

[0036] 

Aspect [20] can be recommended a particularly preferred form (the insulin 

assay reagent of any one of aspects [13], [15], [16], and [17], wherein the first 
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monoclonal antibody is labeled with a labeling material, the second monoclonal 

antibody is immobilized to a solid phase, and insulin is assayed by 

immunochromatography). 

[0037] 

Turbidimetric Immunoasasy: L TIA 

Four embodiments, A to D, of an assay reagent (kit) for detecting insulin 

present in a sample may comprise the following: 

A. (a) latex particles with the first monoclonal antibody immobilized and (b) 

latex particles with the second monoclonal antibody immobilized; 

B. (a) latex particles with the first monoclonal antibody immobilized and (b) 

the second monoclonal antibody; 

C. (a) the first monoclonal antibody and (b) latex particles with the second 

monoclonal antibody immobilized; and 

D. (a) latex particles with both the first and second monoclonal antibodies 

immobilized. 

[0038] 

These assay reagents (kits) can be used in L TIA in a preferred manner. The 

latex particles used in A to D can be selected appropriately in terms of particle diameter 

and type in order to acquire the desired capability, such as enhanced sensitivity. The 

latex particles may be those suitable for carrying an antigen or antibody. For example, 

the latex particles may be of polystyrene, styrene-sulfonic acid (sulfonate) copolymer, 

styrene-methacrylic acid copolymer, acrylonitrile-butadiene-styrene copolymer, vinyl 

chloride-acrylic ester copolymer, or vinyl acetate-acrylic acid ester copolymer. 

Although the shape of the latex particles is not particularly limited, it is preferable that 

an average particle diameter is defined such that the produced aggregate, as a result of 

the agglutination reaction between the antibody (or antigen) on the latex particle surface 

and the analyte, has a size sufficient to be visibly or optically detected. The average 

particle diameter is preferably 0.02 to 1.6 µm and particularly 0.03 to 0.5 µm. Particles 

made of metallic colloid, gelatin, liposome, microcapsule, silica, alumina, carbon black, 
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metallic compound, metal, ceramics, or magnetic material can be used instead of the 

latex particles. 

[0039] 

For example, the reagent ofLTIA used in clinical examinations is usually 

provided in the form of the first and second reagent solutions, which are sequentially 

mixed with the test sample in use. One or both (a) and (b) in each of the forms A to D 

can be included in the first or second reagent solution. The methods of including (a) and 

(b) may be appropriately selected depending on the particulars of the measuring device 

for the clinical examination and the design of the assay reagent (such as capability and 

usability). Although, preferably, both (a) and (b) of the form A are included in the 

second reagent, (a) and (b) of the form A can also be included in the first and second 

reagents, respectively, in a preferred manner. 

[0040] 

Aspect [18] can be recommended as a particularly preferred form (the insulin 

assay reagent of any one of aspects [13], [15], [16], and [17], wherein the first and 

second monoclonal antibodies are immobilized to the latex and insulin is assayed by 

latex immunoagglutination assay). 

[0041] 

Although the embodiments of the present invention have been described by 

considering aspect [3], which is a representative form of the present invention, as an 

example, those skilled in the art can obviously understand that the present invention can 

be implemented in various forms, e.g., using a polyclonal antibody for the first antibody, 

as in aspect [ 4], and two or more monoclonal antibodies having different recognition 

sites for the first antibody, as in aspect [5], on the condition that an antibody for the 

"insulin-antibody complex" is used. 

[0042] 

Although the present invention will be described in more detail with reference 

to examples, the present invention is not limited to these examples. 

EXAMPLES 
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[First Test Example] Method of Producing Monoclonal Antibody of the Present 

Invention 

1. Preparation of Immunizing Antigen 

After human insulin (Fitzgerald Industries International, 30-AI51) was mixed 

1:1 with complete Freund's adjuvant (Wako Pure Chemical Industries, Ltd.), connected 

syringes were used for producing emulsion to be used as the immunizing antigen. 

[0044] 

2. Production of Hybridoma 

The immunizing antigen was subcutaneously injected into the dorsal regions of 

female BALB/c mice (20 to 50 µg per mouse). Immunization was repeated twice per 

week. After three weeks from the start of immunization, spleen was extracted from a 

mouse having a high antibody titer in the blood sample, and cell fusion was performed 

by a routine procedure using 50% PEG 1450 (Sigma). SP2/0 myeloma cells were used. 

The acquired fused cells were suspended at 2.5 x 106/mL (as spleen cells) in RPMI 

1640 media that contained HAT, 15% fetal bovine serum, and 10% BM-Condimed Hl 

Hybridoma Cloning Supplement (Roche Diagnostics K.K.) were dispensed in a 96-well 

culture plate in 0.2-mL aliquots. The fused cells were cultivated at 37°C in a 5% C02 

incubator. 

[0045] 

3. Screening ofHybridoma Producing the First Monoclonal Antibody 

After seven days from the cell fusion, the culture supernatant was used for 

performing solid-phase antigen ELISA described later as primary screening to select 

wells that exhibit a high reactivity to insulin as primary positive wells. The cells in the 

primary positive wells were serially passaged in a 24-well plate. After two days of serial 

cultivation, the culture supernatant was used to perform competitive ELISA described 

later as a secondary screening to select wells that exhibited a high reactivity to insulin as 

secondary positive wells. 

3-1. Production of the Solid-Phase Antigen ELISA Plate 
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Insulin prepared at a concentration of 1 µg/mL with 10 mM PBS (pH 7 .2) 

containing 150 mM sodium chloride was solid-phased as a screening antigen on a 96-

well plate at 50 µL/well and was allowed to stand overnight at 4°C. After washing three 

times with 400 µL/well of PBS solution containing 0.05% Tween (registered trademark) 

20 and 0.1 % ProClin 300 (Supelco; PBST), PBST containing 1 % BSA (BSA-PB ST) 

was dispensed at 100 µL/well and allowed to stand one hour at room temperature for 

blocking to produce an ELISA plate. The ELISA plate was washed three times with 

PBST and used for ELISA tests described in the examples by adding reagents. 

3-2. Solid-Phase Antigen ELISA 

(i) Mouse antiserum or culture supernatant of the fused cells diluted stepwise 

with BSA-PB ST was dispensed on a solid-phase antigen ELISA plate at 50 µL/well and 

allowed to stand one hour at room temperature. 

(ii) After washing three times with PBST, a solution ofHRP-Gt F(ab')2-Anti­

Mouse Ig's (BioSource, AMI4404) diluted 5000 times with BSA-PBST was dispensed 

at 50 µL/well and allowed to stand one hour at room temperature. 

(iii) After washing three times with PBST, OPD (Tokyo Chemical Industry Co., 

Ltd.) was dissolved at 2 mg/mL in 0.2 M citrate buffer solution containing 0.02% 

hydrogen peroxide/water (hereinafter, substrate-dissolving solution), added at 50 

µL/well, and allowed to stand one hour at room temperature. 

(iv) Furthermore, 1.5 N sulfuric acid containing 1 mM EDTA (hereinafter, 

reaction stop liquid) was added at 50 µL/well, and absorbance was measured at a 

wavelength of 492 mn using Titertek (registered trademark) Multiskan Plus MK II 

(Flow Laboratories Inc). 

3-3. Competitive ELISA 

(i) Solutions of human insulin (Fitzgerald Industries International, 30-AI51) 

diluted with BSA-PBST at 0, 2.5, 5, and 10 µg/mL were dispensed on a solid-phase 

antigen ELISA plate at 25 µL/well. 

(ii) Culture supernatant of the fused cells diluted to 5 and 25 times with BSA­

PBST or undiluted solution thereof was then dispensed at 25 µL/well and allowed to 

stand one hour at room temperature. 
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(iii) The subsequent operations were performed in the same manner as steps (ii) 

to (iv) of "3-2. Solid-Phase Antigen ELISA" described above. 

[0046] 

4. Screening ofHybridoma Producing the second Monoclonal Antibody 

After seven days from the cell fusion, the culture supernatant was used for 

performing sandwich ELISA described later to select wells exhibiting a high reactivity 

to insulin bound to the first F(ab')2 monoclonal antibody collected in advance by 

cloning and monoclonal antibody collection described later. 

4-1. Sandwich ELISA 

(i) The first monoclonal antibody (in this case, 66221-antibody) was treated to 

prepare F(ab')2 using the Immuno Pure (registered trademark) F(ab')2 Preparation Kit 

(Pierce, prod# 44888). 

(ii) The first F(ab')2 monoclonal antibody prepared at a concentration of2 

µg/mL with PBS solution was solid-phased on a 96-well plate at 50 µL/well and was 

allowed to stand overnight at 4°C. After washing three times with 400 µL/well of PBST, 

BSA-PBSTwas dispensed at 100 µL/well and allowed to stand one hour at room 

temperature for blocking in order to produce an ELISA plate. 

(iii) Solution of human insulin (Fitzgerald Industries International, 30-AI51) 

diluted with BSA-PBST at 0.5 µg/mL was dispensed on the ELISA plate at 50 µL/well 

and allowed to stand one hour at room temperature. 

(iv) After washing three times with PBST, the culture supernatant of the fused 

cells diluted stepwise with BSA-PBST was dispensed at 50 µL/well and allowed to 

stand one hour at room temperature. 

(v) After washing three times with PBST, a solution ofHRP-Gt-Anti-Mouse 

IgG-Fc (Bethyl Laboratories, A90-131P) diluted 10000 times with BSA-PBST was 

dispensed at 50 µL/well and allowed to stand one hour at room temperature. 

(vi) After washing three times with PBST, OPD (Tokyo Chemical Industry) 

was dissolved at 2 mg/mL in the substrate-dissolving solution, added at 50 µL/well, and 

allowed to stand one hour at room temperature. 
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(vii) The reaction stop liquid was added at 50 µL/well, and absorbance was 

measured at 492 nm using Titertek (registered trademark) Multiskan Plus MK II (Flow 

Laboratories). 

5. Cloning and Monoclonal Antibody Collection 

Hybridomas selected by the screenings of 3. and 4. described above were 

cloned by a limiting dilution method to acquire hybridomas 66221 and 66226, 

respectively. To collect the monoclonal antibodies produced by the hybridomas, the 

hybridomas were intraperitoneally administered, in an amount corresponding to 0.5 x 

106 cells, to a 12-weehold female BALB/c mouse intraperitoneally injected with 0.5 

mL of pristane two weeks earlier. The ascites were collected after 14 days, and the 

supematants were acquired by centrifugation. The supematants were mixed with the 

same amount of adsorption buffer solution (3 mol/L NaCl, 1.5 mol/L Glycine-NaOH 

buffer solution, pH 8.5) and then filtrated. The filtrates were passed through a protein A 

sepharose column equilibrated with adsorption buffer solution to adsorb the antibodies 

in the filtrates using the column, and the antibodies were eluted with 0.1 mol/L citrate 

buffer solution (pH 3.0). After neutralizing the eluate with 1 mol/L Tris-HCl buffer 

solution (pH 8.0), dialysis was performed with PBS to collect the antibodies. 

The antibodies, referred to as the 66221-antibody and 66226-antibody, were 

subsequently used in tests. 

[0047] 

Hybridomas producing the 66221-antibody and 66226-antibody were deposited 

at International Patent Organism Depositary, National Institute of Advanced Industrial 

Science and Technology (Address: Tsukuba Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki, 

Japan) on April 8, 2009 under the accession numbers FERM P-21800 and FERM P-

21801, respectively. Subsequently, they were transferred to the Budapest Treaty on 

February 17, 2010, based on the original deposition, under the accession numbers 

FERM BP-11233 and FERM BP-11234, respectively. 

[0048] 

[Second Test Example] Cross-Reactivity of Monoclonal Antibody of the Present 

Invention with Proinsulin and Insulin Analogs 
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A test was performed using Biacore (registered trademark) Tl 00 for cross­

reactivity of the 66221-antibody and the 66226-antibody with pro insulin and insulin 

analogs. For the insulin analogs, insulin analog formulations such as insulin lispro, 

insulin aspart, insulin glargine, and insulin detemir were used. 

1. Reagents and Instruments 

1-1. Monoclonal Antibodies 

(i) 66221-antibody: 2.30 mg/mL 

(ii) 66226-antibody: 3.99 mg/mL 

1-2. Analytes 

(i) recombinant human insulin: Fitzgerald Industries International, 30-AI51 

(ii) proinsulin: IRR Proinsulin, Human, for Immunoassay; NIBSC code: 84/611 

(iii) insulin analog formulations 

(1) insulin lispro, 100 units/mL: Eli Lilly Japan K.K. 

(2) insulin aspart, 100 units/mL: Novo Nordisk Pharma Ltd. 

(3) insulin glargine, 100 units/mL: sanofi-aventis K.K. 

( 4) insulin detemir, 100 units/mL: Novo Nordisk Pharma Ltd. 

1-3. Biacore (registered trademark) devices and a dedicated reagent set 

(Biacore: currently, GE Healthcare; although (i) to (viii) described below are products 

and catalog numbers of then Biacore, these are currently available from GE Healthcare.) 

(i) Biacore (registered trademark) TlOO: Biacore, JJ-1037-02 

(ii) Series S Sensor Chip CMS: Biacore, BR-1005-30 

(iii) Amine Coupling Kit: Biacore, BR-1000-50 

(iv) Acetate 5.0: Biacore, BR-1003-51 

(v) a-Mouse Immunoglobulins: Biacore, BR-1005-14 

(vi) Glycine 1.5: Biacore, BR-1003-54 

(vii) Glycine 2.0: Biacore, BR-1003-55 

(viii) HBS-EP+ !Ox (Running Buffer): Biacore, BR-1006-69 (prepared at pH 

8.5 with NaOH and diluted 10 times with purified water on use) 

[0049] 

2. Test Method 
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The 66221-antibody or 66226-antibody was captured by a-mouse 

immunoglobulins immobilized on a sensor chip, and insulin, proinsulin, and various 

insulin analog formulations were added as analytes to evaluate the reactivity therewith. 

The specific operational procedure used is as follows. 

(i) a-Mouse immunoglobulins were immobilized on Sensor Chip CMS (in 

accordance with the accompanying instruction manual). 

(ii) The 66221-antibody or 66226-antibody was diluted with HBS-EP+ (pH 

8.5) to 5 µg/mL and added at a flow rate of 30 µL/min for 300 seconds. 

(iii) Various antigens were diluted with HBS-EP+ (pH 8.5) to 10 ng/mL and 

added at two concentrations of 0 and 10 ng/mL for 120 seconds each. A time for free­

running dissociation was set to 120 seconds in this case. 

(iv) Glycine 1.5 and Glycine 2.0 were mixed 1: 1 to form regenerating solution, 

and regenerating treatment was performed for 180 seconds. 

[0050] 

3. Results 

3-1. Results of Reaction with Insulin 

For the 66221-antibody and 66226-antibody, the reactivity with insulin was 

checked using Biacore (registered trademark) Tl 00. The results are depicted in Figs. 2 

and 3. The 66221-antibody showed a reactivity of 8.5 RU at an insulin concentration of 

10 ng/mL (Fig. 2). In contrast, no reactivity was detected for the 66226-antibody (Fig. 

3). The vertical axis (RU) indicates a unit unique to the Biacore (registered trademark) 

assay system and represents a mass change due to reaction on the sensor surface. 

[0051] 

3-2. Results of Reaction with Proinsulin and Insulin Analog Formulations 

For the 66221-antibody and 66226-antibody, the reactivity with proinsulin or 

various insulin analog formulations (insulin lispro, insulin aspart, insulin glargine, and 

insulin detemir) was checked using Biacore (registered trademark) T!OO. The result is 

depicted in Figs. 4-1, 4-2, 5-1, and 5-2. In each case, at an antigen concentration of JO 

ng/mL, responses of5.5 to 13 RU were detected forthe 66221-antibody. In contrast, no 

reactivity was detected for the 66226-antibody. 
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[Example 1] Assay of Insulin Using Combination of Monoclonal Antibodies of the 

Present Invention 1 

1. Production of Latex Particles 

A glass reaction container (capacity: 2 L) equipped with a stirring machine, 

reflux condenser, thermal sensing device, nitrogen introduction tube, and jacket was 

filled with 1100 g of distilled water, 200 g of styrene, 0.2 g of sodium styrene sulfonate, 

and aqueous solution of 1.5 g of potassium peroxodisulfate dissolved in 50 g of distilled 

water, and after the inside of the container was replaced with nitrogen gas, 

polymerization was performed for 48 hours while stirring at 70°C. 

After the end of polymerization, the solution was filtrated with a filter paper to 

extract latex particles. A transmission electron microscope apparatus (JEOL Ltd., model 

"JEM-101 O") was used for imaging the latex particles at a magnification of 10000 times 

and analyzing diameters of at least 100 acquired latex particles to determine the average 

particle diameter. The obtained average particle diameter was 0.3 µm. 

[0053] 

2. Preparation of the Anti-Insulin Antibody-Sensitized Latex Particle 

2-1. Production of 66221-Antibody-Sensitized Latex Particle Solution 

To 1.0% latex solution having an average particle diameter of 0.3 µm [in 5 mM 

Tris buffer solution (hereinafter, Tris-HCl), pH 8.5], 66221-antibody solution, diluted to 

0.60 mg/mL with the same volume of 5 mM Tris-HCl (pH 8.5), was added and stirred at 

4°C for two hours. The same volume of 5 mM Tris-HCl (pH 8.5) containing 0.5% BSA 

was subsequently added and stirred at 4°C for one hour. After the solution was 

centrifuged and supernatant removed, the precipitate was resuspended in 5 mM Tris­

HCl (pH 8.5) to produce a 66221-antibody-sensitized latex particle solution. 

2-2. Production of 66226-Antibody-Sensitized Latex Particle Solution 

The latex having an average particle diameter of 0 .3 µm was used for 

producing a 66226-antibody-sensitized latex particle solution in the same manner as 

above. 

[0054] 
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Five (5) millimolar Tris-HCl (pH 8.5) containing 500 mM of sodium chloride 

and 0.2% BSA was used as the first reagent. 

3-2. Preparation of the Second Reagent 

The same volumes of the 66221-antibody- and 66226-antibody-sensitized 

latex particle solutions were mixed and diluted with 5 mM Tris-HCl (pH 8.5) such that 

absorbance of5.0 Abs was achieved at a wavelength of600 nm to prepare the second 

reagent. 

[0055] 

4. Assay 

The first and second reagents were combined, and insulin concentration­

dependent formation of particle aggregate was identified using a Hitachi 7170 

Automated Analyzer. In paticular, 150 µL of the first reagent was added to 10 µL of 

insulin solutions at concentrations ofO, 5, 25, 50, 100, and 200 µU/mL and heated at 

37°C for 5 minutes. Subsequently, 50 µL of the second reagent was added, followed by 

stirring. After five minutes, changes in absorbance associated with agglutination 

formation were measured at 570 nm and sub-wavelength of 800 nm. 

[0056] 



27

[Table 1] 

Insulin concentration 

µU/mL 

0 

5 

2 5 
. 

50 

1 0 0 

200 

[0057] 

5. Assay Result 
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Absorbance 

mAb s 

1 1. 4 

2 3. 6 

4 0 . 9 

5 7. 7 

8 2. 9 

1 1 7. 1 

Table 1 shows that sensitivity increases depending on the insulin concentration 

and can be quantitated. 

[0058] 

[Example 2] Assay oflnsulin Using Combination of Monoclonal Antibodies of the 

Present Invention 2 

Either the 66221-antibody or 66226-antibody was solid-phased, and the rest 

was used as a secondary antibody to test the reactivity with proinsulin and insulin 

analogs by ELISA. 

1. Antibodies and Antigens Used 

(1) Monoclonal Antibodies 

66221-antibody: 2.30 mg/mL 
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66226-antibody: 3.99 mg/mL 

(2) Antigens 
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Insulin, proinsulin, and insulin analog formulations (insulin lispro, insulin 

aspart, insulin glargine, and insulin detemir) used were the same as the second test 

example. 

[0059] 

2. ELISA method 

(i) The solution of the 66221-antibody or 66226-antibody diluted to 2 µg/mL 

with PBS was solid-phased in a 96-well plate at 50 µU/well and allowed to stand two 

hours at room temperature. 

(ii) After washing three times with 400 µU/well of PBST, BSA-PB ST was 

dispensed at 100 µL/well and allowed to stand one hour at room temperature for 

blocking in order to produce an ELISA plate. 

(iii) The solution of each of human insulin, proinsulin, and insulin analog 

formulations diluted with BSA-PBST to 0, 1, 5, and 10 ng/mL was dispensed on the 

ELISA plate at 50 µL/well and allowed to stand one hour at room temperature. 

(iv) After washing three times with PBST, a solution of a biotin-labeled 66226-

antibody or 66221-antibody diluted to 1 µg/mL with BSA-PBSTwas dispensed at 50 

µL/well and allowed to stand one hour at room temperature. 

(v) After washing three times with PBST, a solution of Immuno Pure 

(registered trademark) Streptavidin, HRP-Conjugated (PIERCE, Prod# 21126) diluted 

5000 times with BSA-PBST was dispensed at 50 µL/well and allowed to stand one hour 

at room temperature. 

(vi) After washing three times with PBST, OPD (Tokyo Chemical Industry) 

was dissolved at 2 mg/mL in the substrate-dissolving solution, added at 50 µL/well, and 

allowed to stand one hour at room temperature. 

(vii) The reaction stop solution was added at 50 µL/well, and absorbance was 

measured at 492 nm using Titertek (registered trademark) Multiskan Plus MK II (Flow 

Laboratories). 

[0060] 



29
PCT_ JP2010_062261 English translaton.doc 

Page 29 of 49 

3. Result 

3-1. 66221 Solid-Phase Antibody Plate Assay Results 

Test results are depicted in Table 2 and Fig. 6. 

When the 66221-antibody was used as the primary antibody and the 66226-

antibody was used as the secondary antibody, a concentration-dependent increase in 

absorbance was observed for insulin, while no concentration-dependent increase in 

absorbance was observed for proinsulin and the insulin analog formulations (insulin 

lispro, insulin aspart, insulin glargine, and insulin detemir). 

[0061) 

[Table 2) 

Primary antibody 

Secondary antibody 

~ n 
n 

Ong/ml 

1ng/ml 

5ng/ml 

10ng/ml 

[0062) 

Human 
insulin 

0.000 

0.316 

1.491 

1.995 

66221-antibody 

Biotin-labeled 66226-antibody 

Human Insulin analog Insulin analog 

proinsulin formulation/ formulation/ 
Insulin glargine Insulin aspart 

0.000 0.000 0.000 

0.005 0.004 -0.011 

0.006 0.013 0.001 

-0.013 O.OOB -0.006 

3-2. 66226 Solid~Phase Antibody Plate Assay Results 

Test results are depicted in Table 3 and Fig. 7. 

Insulin analog Insulin analog 
formulation/ formulation/ 
Insulin lispro Insulin detemir 

0.000 0.000 

-0.005 -0.017 

0.007 -0.013 

0.000 -0.Q16 

When the 66226-antibody was used as the primary antibody and the 66221-

antibody was used as the secondary antibody, no concentration-dependent increase in 

absorbance was observed in any of insulin, proinsulin, and insulin analog formulations 

(insulin lispro, insulin aspart, insulin glargine, and insulin detemir). 

[0063) 
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[Table 3] 

Primary antibody 

Secondary antibody 

bs: Human Human 
insulin proinsulin 

n 
n 

Ong/ml 0.000 0.000 

lng/ml -0.011 -0.002 

5ng/ml -0.010 0.004 

10ng/ml -0.010 0.014 

[0064] 

4. Discussion 
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66226-antibody 

Biotin-labeled 66221-antibody 

Insulin analog Insulin analog Insulin analog Insulin analog 
formu!etionf formulation/ formulation! formulation/ 

Insulin glargine Insulin aspart Insulin lispro Insulin detemir 

0.000 0.000 0.000 0.000 

0.001 -0.004 -0.006 -0.017 

0.004 -0.003 -0.002 -0.011 

0.015 -0.001 0.006 -0.007 

From the above results, it is concluded that insulin can be quantitated without 

the influence of proinsulin and insulin analog formulations because no cross-reactivity 

was observed when the 66221-antibody and 66226-antibody were used as the primary 

and secondary antibodies, respectively. Insulin could not be assayed when the 66226-

antibody and 66221-antibody were used as the primary and secondary antibodies, 

respectively, and it is therefore noted that the 66226-antibody exhibits no reactivity with 

insulin but reacts with insulin bound to the 66221-antibody. Note that in the cross­

reactivity test result of the monoclonal antibodies of the present inxention using Biacore 

(registered trademark) TIOO (the second test example), the 66221-antibody reacted with 

insulin, proinsulin, and all insulin analog formulations, while the 66226-antibody 

reacted with none of them. 

Therefore, as the reaction mechanism ofthis assay system, it is speculated that 

some structural change occurs in insulin when the 66221-antibody first binds to insulin 

and that the 66226-antibody specifically recognizes the structurally changed site to form 

a sandwich. 

[0065] 

[Third Test Example] Cross-Reactivity of Monoclonal Antibodies of the Present 

Invention with Insulin Analogs 
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The test was performed using Biacore (registered trademark) Tl 00 for cross­

reactivity of the 66221-antibody and 66226-antibody with insulin analogs. An insulin 

analog formulation, i.e., insulin glulisine, was used as the insulin analog. 

1. Reagents and Instruments 

1-1. Monoclonal Antibodies 

(i) 66221-antibody: 2.30 mg/mL 

(ii) 66226-antibody: 3.99 mg/mL 

1-2. Analytes 

Insulin Analog Formulation 

(i) insulin glulisine, 100 units/mL: sanofi-aventis K.K. 

1-3. Biacore (Registered Trademark) Devices and Dedicated Reagent Set 

The Biacore (Registered Trademark) devices and Dedicated Reagent Set used 

were the same as the second test example. 

[0066] 

2. Test Method 

The test was performed in the same manner as the second test example, except 

that insulin glulisine, an insulin analog formulation, was used as an analyte. 

[0067] 

3. Result 

3-1. Result of Reaction with Insulin Analog Formulation 

For both the 66221-antibody and 66226-antibody, the reactivity with the 

insulin analog formulation insulin glulisine was checked using Biacore (registered 

trademark) TIOO. The result is depicted in Fig. 8. Neither the 66221-antibody nor 

66226-antibody showed reactivity. The vertical axis (RU) indicates a unit unique to the 

Biacore (registered trademark) assay system and represents a mass change due to 

reaction on the sensor surface. 

[0068] 

[Example 3] Assay of Insulin Using a Combination of Monoclonal Antibodies of the 

Present Invention 3 
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Either the 66221-antibody or 66226-antibody was solid-phased, while the other 

antibody was combined as a secondary antibody to test the reactivity with insulin, 

pn.iinsulin, and an insulin analog by ELISA. 

1. Antibodies and Antigen Types Used 

(1) Monoclonal Antibodies 

66221-antibody: 2.30 mg/mL 

66226-antibody: 3.99 mg/mL 

(2) Antigens: insulin, proinsulin, and an insulin analog formulation (insulin 

glulisine) 

[0069] 

2. ELISA Method 

The same method as in Example 2 is performed, except that insulin glulisine 

was used as the insulin analog formulation. 

[0070] 

3. Result 

3-1. 66221 Solid-Phase Antibody Plate Assay Results 

Test results are depicted in Table 4 and Fig. 9. 

As was the case with Example 2, when the 66221-antibody was used as the 

primary antibody and the 66226-antibody was used as the secondary antibody, a 

concentration-dependent increase in absorbance was detected for insulin while no 

concentration-dependent increase in absorbance was detected for proinsulin and the 

insulin analog formulation (insulin glulisine ). 

[0071] 
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[Table 4] 

Primary antibody 

Secondary antibody 

Antigens 

Antigen 
concentration 

Ong/ml 

1ng/ml 

5ng/ml 

10ng/ml 

[0072] 
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66221-antibody 

Biotin-labeled 66226-antibody 

Human insulin Human Insulin analog 
proinsulin formulation/ 

insulin 
glulisine 

0.000 0.000 0.000 

0.316 0.005 0.031 

1. 491 0.006 0.000 

1.995 -0.013 0.003 

3-2. 66226 Solid-Phase Antibody Plate Assay Results 

Test results are depicted in Table 5 and Fig. 10. 

As was the case with Example 2, when the 66226-antibody was the primary 

antibody and the 66221-antibody was the secondary antibody, no concentration­

dependent increase in absorbance was detected for insulin, proinsulin, or the insulin 

analog formulation (insulin glulisine ). 

[0073] 
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[Table 5] 

Primary antibody 
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66226-antibody 

Secondary antibody Biotin-labeled 66221-antibody 

Antigens Human insulin Human Insulin analog 
proinsulin formulation/ 

insulin 
Antigen glulisine 
concentration 

Ong/ml 0.000 0.000 0.000 

1ng/ml -0.011 -0.002 0.022 

5ng/ml -0.010 0.004 0.001 

10ng/ml -0.010 0.014 0.001 

[0074] 

4. Discussion 

The above results show that no cross-reactivity is exhibited with the insulin 

analog formulation, insulin glulisine, when the 66221-antibody and 66226-antibody 

were used as the primary and secondary antibodies, respectively, and when the 66226-

antibody and 66221-antibody were used as the primary and secondary antibodies, 

respectively. 

INDUSTRIAL AVAILABILITY 

[0075] 

With the monoclonal antibodies of the present invention, insulin can sensitively 

and specifically be assayed without being affected by proinsulin and insulin analogs. 

Since insulin secretion from the beta cells can be accurately monitored by the present 

invention, the present invention may also be used for visualizing a clinical condition of 

diabetes and is therefore very useful. 
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ACCESSION NUMBER 

[0076] 

[0077] 

(1) FERM BP-11233 

(2) FERM BP-11234 

[Reference to Deposited Biological Material] 

(1) Hybridoma 66221 producing the 66221-antibody 

i) Name and address of depository institution at which the biological materials 

were deposited. 

International Patent Organism Depositary, National Institute of Advanced 

Industrial Science and Technology 

deposit) 

in i). 

Tsukuba Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8566, Japan 

ii) Date of biological material deposit in the depository institution in i). 

April 8, 2009 (original deposit date) 

February 17, 2010 (date of transfer to the Budapest Treaty from the original 

iii) Accession number for the deposition assigned by the depository institution 

FERM BP-11233 

(2) Hybridoma 66226 producing the 66226-antibody 

i) Name and address of depository institution at which the biological materials 

were deposited. 

International Patent Organism Depositary, National Institute of Advanced 

Industrial Science and Technology Tsukuba Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki 

305-8566, Japan 

deposit) 

ii) Date of biological material deposit in the depository institution in i). 

April 8, 2009 (original deposit date) 

February 17, 2010 (date of transfer to the Budapest Treaty from the original 
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in i). 
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iii) Accession number for the deposition assigned by the depository institution 

FERM BP-11234 
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1. An insulin assay using an antibody that reacts with insulin bound to an anti­

insulin antibody but does not react with insulin not bound to an anti-insulin antibody. 

2. The insulin assay of claim 1, using two types of antibodies, wherein 

1) the first antibody has a property of reacting with insulin, and 

. 2) the second antibody reacts with insulin bound to the first antibody but not 

with insulin not bound to the first antibody. 

3. The insulin assay of claim 2, wherein both the first and second antibodies are 

monoclonal antibodies. 

4. The insulin assay of claim 2, wherein the first antibody is a polyclonal antibody 

and the second antibody is a monoclonal antibody. 

5. The insulin assay of claim 3, wherein the first monoclonal antibody consists of 

two or more monoclonal antibodies having different recognition sites. 

6. The insulin assay of any one of claims 3 to 5, wherein at least one of the 

monoclonal antibodies is an antibody not reactive with proinsulin and insulin analogs. 

7. The insulin assay of any one of claims 3 to 6, wherein the second monoclonal 

antibody is an antibody not reactive with proinsulin and insulin analogs. 

8. The insulin assay of any one of claims 3, 5, 6, and 7, wherein the first and 

second monoclonal antibodies are immobilized to latex and insulin is assayed by latex 

immunoagglutination assay. 
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9. The insulin assay of any one of claims 3, 5, 6, and 7, wherein the first 

monoclonal antibody is immobilized to a solid phase, the second monoclonal antibody 

is labeled with a labeling material, and insulin is assayed by ELISA. 

10. The insulin assay of any one of claims 3, 5, 6, and 7, wherein the first 

monoclonal antibody is labeled with a labeling materia, the second monoclonal 

antibody is immobilized to a solid phase, and insulin is assayed by ELISA or 

immunochromatography. 

11. An insulin assay reagent comprising an antibody that reacts with insulin bound 

to an anti-insulin antibody but not with insulin not bound to an anti-insulin antibody. 

12. The insulin assay reagent of claim 11, comprising two types of antibodies, 

wherein 

1) a first antibody has a property of reacting with insulin, and 

2) a second antibody has a property of reacting with insulin bound to the first 

antibody while not reacting with insulin not bound to the first antibody. 

13. The insulin assay reagent of claim 12, wherein both the fir~t and second 

antibodies are monoclonal antibodies. 

14. The insulin assay reagent of claim 12, wherein the first antibody is a polyclonal 

antibody and the second antibody is a monoclonal antibody. 

15. The insulin assay reagent of claim 13, wherein the first monoclonal antibody 

consists of two or more monoclonal antibodies having different recognition sites. 

16. The insulin assay reagent of any one of claims 13 to 15, wherein at least one 

type of the monoclonal antibodies is an antibody not reactive with proinsulin and insulin 

analogs. 
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17. The insulin assay reagent of any one of claims 13 to 16, wherein the second 

monoclonal antibody is an antibody not reactive with proinsulin and insulin analogs. 

18. The insulin assay reagent of any one of claims 13, 15, 16, and 17, wherein the 

first and second monoclonal antibodies are immobilized to latex and insulin is assayed 

by latex immunoagglutination assay. 

19. The insulin assay reagent of any one of claims 13, 15, 16, and 17, wherein the 

first monoclonal antibody is immobilized to a solid phase, the second monoclonal 

antibody is labeled with a labeling material, and insulin is assayed by ELISA. 

20. The insulin assay reagent of any one of claims 13, 15, 16, and 17, wherein the 

first monoclonal antibody is labeled with a labeling material, the second monoclonal 

antibody is immobilized to a solid phase, and insulin is assayed by ELISA or 

immunochromatography. 

21. A monoclonal antibody having the following properties: 

1) not reacting with insulin not bound to an anti-insulin antibody, and 

2) reacting with insulin bound to an anti-insulin antibody. 

22. The monoclonal antibody of claim 21, further having a property of not reacting 

with proinsulin and insulin analogs. 

23. A method of screening monoclonal antibodies comprising the following steps: 

1) selecting an antibody reactive with insulin, and 

2) selecting a monoclonal antibody reactive with insulin bound to the antibody 

selected in step 1) but not reactive with insulin not bound to the said antibody. 
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