DESCRIPTION TITLE OF INVENTION: INSULIN ASSAY TECHNICAL FIELD [0001] 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 secieBBARIREIONecrease 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 arid TinB€»§taNTiBY Dfobhe olgicaspadidiaryof diabetes and determination of the cause of
abnormal gli%(@%é?lereince. 0003] The following techniques are known insulin assays using
monoclonal EAL FIEB Do nt Document 1 discloses a method of guantitating insulin in
accordance [gghign 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 epitol #rasastibsriipwit] desdn2pirsulin assap andrinDditumsyt 2agistioses a method

of quantitating;io. ignirﬂ- ?ﬁ gq%Q ith a particle lutination immunoassay, This.assay uses two
monoclonal antibodies that have ﬁ?yfeqqn é)rﬁfélnl |’o?fli%gi%le“s[egnl nalr%v%lgﬁﬁ 5%#38%%& arriers.
Although boteadscuitheintsidisetosd tethatsrehtissayingansblidyusin g phsakbcofitonralanal
antibodies tha% Bave d[iff rent recognition sites for insulin, no disclosure is made regarding the
ound E% . . . i
8ys, such as insulin analog formulations. Therefore, it is

t
cross-reactivity With proins i S THED AHRY

not known whether insulin can be measured specifically and sensitively. PRIOR ART DOCUMENTS
PATENT DOCUMENTS |0004! Patent Document 1: Japanese Laid-Open Patent Publication No.
HO1-14896 PACKGROUND 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
.antibodjes.

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.



Patent Document 2: Japanese Laid-Open Patent Publication No. H03-118472 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 wiffpirsUReBousd Todiediet aoabodnahamitiotybinsnion witkchosddimeaot bound to

the first mongelonal anti rough further research, the inventors discovered that various forms of
this insulin assay %ﬁ%%g%%%%%ﬁ%ﬁé%g%%%ﬁ%%ﬁ FERLIS WY ﬁgﬁlﬁﬁ%%ur%@ HAtinsulin
antibodies (ithstiimantiffesedinanigdityh chmpledass hereid aftarssabeiagsrseferred to as
"Iinsulin-antibody complex"), thereQy completing the present invention. Therefore, the present invention
includes the foIIowin‘a?éb%Egm %FHBFH%S %%%ﬁﬂﬂ%‘?ﬁ%ﬁﬁsﬁw GRS WD ody that reacts
with insulin hosadteofmanticlisslimanitnesmbtbARes oliract MRS WS 1ot BRURH, tpan
~anti-insulin antibody. [2]The insulin assay of [1], using two types of antibodies, wherein 1) afirst
antibody red8SIRiisHE Ml rsgarding ihe serssnigantviodyith aceingininsinvvbo anel egsiadiyst

anibody butiegs tses 1RSI TPADDO t {0 DBl A Ot PITRR sHlRessay of 2]

wherein both the first and Second antibodies are monoclonal antibodi
measured specifically and sensitively.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0004]

Patent Document 1: Japanese Laid-Open Patent Publication No. H01-148962
Patent Document 2: Japanese Laid-Open Patent Publication No. H03-118472

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 affecied by

_proinsulin and insulin analogs.

MEANS FOR SOLVING THE PROBLEM
[0006]

As aresult 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



[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 ¢sidbtiskaising aliti e dissayadiby witataitiinhiuned g kiihationiassdayof@dd he insulin assay

of any one 0f.[3],,[5], [6],.and.[7], wherein the first monoclgnal antibody is immobilized to a solid phase,
the second %%%@Ta%@&ﬁ éﬂ%}“i%bi%ﬁi?éfé’m?ﬁ%l B'&‘i?ﬂg%ﬁ{a@ﬂ]ﬂ“&ﬁﬂli?@{ﬂﬁﬁlf@%sayed by ELISA.
[10]The insutinsassavaftady eomeicid), b bl sndirdind ereipdhefisimanociaprlaatinpdy is

labeled with a labeling material, the second monoclonal 4 antibody is immobilized to a solid phase,

and insulin i@%§%ﬂ%ﬂ@%ﬁﬁ%%&%@%ﬂ@ﬁﬁ%lm%ﬁiinsulin assay reagent comprising

an antibody H)Ie of reacting with insulin bound to an anti-insulin antibody while not reacting with
insulin not bound to an anti-insulin antibody.
1] An 1nsulin 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 [1], 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. |
17 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. |
[10] 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



[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 fast 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 or more monoclonal antibodies having
recognition sitebadiffés éminfadnilizralcto ettdid [I6]Fh eridsulinliassaygsaad vt B B0y ane of [13] to [15],
wherein at lgast one,of the mongclonal antibodies is an antibody that is not reactive with proinsulin or
insulin analérgl[fél.1 ][T‘?ﬁﬁ%nllﬁtsoﬁﬁp §Say reagent of any one of [13] to [16], wherein the second

-monoclonal [@ntibodwyisiasutintiaady-dagtis aahrertyadvithipsainesibRr dnadbmanIRES. [18]The
insulin assay reggent of any one of [13], [15], [16], and [17], wherein the first and second monoclonal
antibodies afe' Jda # psinshlinAatine dy Xduls st Biariag withintshpgridrinshiadsay.
[19]The inswﬁiqgwnrgﬁ\g&m)pf 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, anBlﬂi_su|inTib§ei@§al;'e@ﬂ§9yEmg¢x§t[Qbﬂr_]rﬂe dasulisgstyorsagent eftddyneluEis], [15], [16],
rs;lqnodnE)lc7|(]),nv;|here|n thﬁf{ﬁ%tﬁ%n&%lg&a)! glst%%% (I)% é beé?ge‘é‘éghg% e}m Eﬂ?}ﬁﬁal’ the second
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 or 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.
f18] 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



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

. immunochromatography. [21]A monoclonal antibodé/ having the following properties: 1) not reacting
with insulin that is not bound to an anti-insulin antibdody, 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 ig®H8tassuRimoehélisgititaatiobdypHErs: BRI GHETHEMYENF GNE0008]  With the
present invepgion, i ' n be, sensitively and specifically assayed without being affected by
proinsulin an%qﬁr%ﬁﬁnﬁggnﬁla c%g%r.agllw(:e insulin secretion from the beta cells can be accurately monitored
by the presejitlihventianptivel prebamni iodgitieinmeay AsRmpsegtatipsoviding a picture of the clinical
condition of diabeteg.and would therefore be very useful. BRIEF DESCRIPTION OF DRAWINGS
[0009] [FIG. 1] Figure! 195 SRR LRl Saihesmeiecs msinmilin asdbadyegnthrough (e) are
indicative of the variajienstndheimiseRkhe RISRRES R NALAUS I SHiBAfalog formulations i
consideration of reactivity with antibodies of the present invention. Alphabetic characters in the circles
of Fig. 1 derldtd amikBeaRRroenakenitbadyyob il thiwdaehavisglthdisposrtaoindi(shetiog K-P" instead
of "P-K." Inswi'ﬂlﬁgﬁgﬂgﬂ)o'&sﬁ'lgﬁm%}gﬂg gf "P." Insulin glargine: (d) is "G" instead of "N" and "RR" is
added to "T" of (C). Insulin detemir: (c |sgn(')t “T" and myristic acid (C14142802) 6 is added to "K" of
(b). Insulin difisine: Abpighiet dfistesmbiol Ko and(e)lisrtkboitistardnptisthg friGoR)Figakecgss a diagram
of the results of a teiﬁ tSJéslinc%Biacore ’ge istered trademark).T100 for examining reactivity of a
66221-antibody with tnSuTiA- e, 3t %%’réegcltévg HaGr AR tRR results of a test using Biacore

(registered tradema)sticdfignexanailiaraascivity Rf:8188228ranERINILE Hasklino 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.

-~ BRIEF DESCRIPTION OF DRAWINGS
[0009]
[FIG. 1} 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”1s added to “T” of (c). Insulin detemir: (c) is not “I” and myristic acid (C14H230,)



[FIG. 4-1] Figure 4-1 is a diagram of the results of a test using Biacore (registered trademark) T100 for
. examining reactivity of the 66221-antibody with proénsulin 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) T100 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,
respectivelyiB#gedbto| Kigofébs- isthegbalnmeas bbevE"(ihsand (€] Hredik (s sl tdnitmdlin glargine
and insulin ir, 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
the 66221-afiiib @y} BiptreBLidG-dnihadyod shhe-fifnarn: aad s manvrailediosd respectively, with
the primary agﬁ'bod solid- ER?sed on a plate. [FIG. 7] Figure 7 is a diagram of a result of an ELISA
test for exarf ﬁﬁ‘?ggc%i t%@%ﬁﬁﬁ%ﬂéﬁ%?%é&@o%ﬁ%iWﬁh&‘lﬁ@l’f’éfmulations using the

66226-antibpriy;aspieaad b antlandyAs SrenBrinaRs aRd Reconram; aiRoplisRidRaPectively, with the

primary antibody solid-phased on a plate. [FIG. 8] Figure 8 is a diagram of a result of a test using
Biacore (regids@ariehdbh-ln creoomsgaractivitipfecttRat oftthedss2it inmmiody (a) and
66226-antib ( [ insubi formulations. insulin glulisine,. 7 [EIG. 9] Figure 9 is a
diagram of aﬁfieéh?%gg? gf@%ﬁ% %(na#%ﬁéerséuététﬁnt?/t&v%ﬁ?ﬁ&?ﬁ?%ﬁ&ﬁ?&%%@%ﬁd an insulin
analog formtrkstéomrigstil@0dhriskae;inkip gethei Gi6P 21 ttendiaXly-atid S 2Bhandhedyiasatbe primary and
secondary a‘patripoodies Eesgg?ﬁtiv , With the E&E@%an igc?)dy s[%id-phased on a plate. [FIG. 10] Figure
10 is a diagram of a restit'of a8 2, AR G A0RY SR iR I s ulin, and an
insulin analagstetmiipin anthEiniG heisiRcsdpHe +88, 66 226-antibody and 66221-antibody as the
primary and secondary antibodies, respectively, with the primary antibody solid-phased on a plate.

MODES FOR EakRMilgertAris the smazq pRoxe[6da)d (o) mpsewinEntinatlinelsraient invention

will now be degerle RyepRsiHepRgidsRect [3] described below as an example, which is
representative of the present invention. Aspect [3] is specifically described as follows: "an insulin

assay usingli#fe-typdJiureond dioadizgriboefidhs wiselisin a test(1itteHirspreqritteratlantibody reacts
with insulin, ( second monoclonal antipo cts with insujin bound.to the first
monoclonal anti I%%ryl/{)af\%jdgg?{/ﬁ {insulin 1o %‘8&18 to ?ﬁée%?‘l?gt arﬁé%% oWi#éﬁﬁHg : 11] The

monoclonal ertibsdieslod thelpgeentulavientsof)n@ydadtie)finst @pdsdeepebmanas araliantivodies,
and these aptibodies are %sed in combination for assaying insulin. The first monoclonal antibody may

be any mon RS raTEHRSE 0 LI §PRERHY Hactive with insulin, and it cannot be only a whole
antibody mqieruls by Falaees e tipnakiieamsal aljsraresive Wthlaulino SRS dedmab’ portion

of the antibody., _The second monoclonal antibody may be any monoclonal antibody as long as it
has the proﬁ@ﬁi@é‘gﬂﬁfﬁ?f@%fﬁm- 1) the second monoclonal antibody is not reactive with

insulin not hgyad e e fir %tig@ﬁ%“é%ﬂ@ﬁgp&gﬁlgaﬁg results of an ELISA test for examining

reactivity with insulin, proinsulin, and various insulin analog formulations by using the
“ 66221—antibody and 66226-antibody as the 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 the 66226-antibody
and 66221-antibody as the 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)
T100 for examining reactivity of the 66221-antibody (a) and 66226-antibody (b) with

an insulin analog formulation, insulin glulisine.



2) the second monoclonal antibody is reactive with insulin bound to the first monoclonal antibody. 8
_ If "the second monoclonal antibody reacts with insujin bound to the first monoclonal antibody" as
described above, it is desirable that a reaction siteL?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 foul ation of an insulin-antibody complex or a structure comprising an
antibody angrimsy gnalecidle engrensiveledalinfHinEIOAd itarthe antitRelys [08&lity wilince it is
desirable that the assay of the present invention not be affected by proinsulin and |nsuI|n analogs at

least one mEHSERAAPHHtilBeFIS HeBrabin Helce simelafignprinsnribsn mytng 47602 The insulin
analogs spegifigally; inglyie Jpsulifaaalage &&h}gaﬁéy&% ARIYSHIBIREO rilsHlagpart, insulin

glargine, insulin detemir, and insulin glulisine ne form of tHe second monoclonal antibody of the
present mvé-ﬁttbr’ﬁhmalsnb@rmmmwwlnﬁaﬁdﬁe@ poB@less-react with any of these compounds, and if

such an ant d in the insulin ass |ns I|n Il measured even in the
]?ﬁ%y 1% po%urgs B 15 a%“l m%-am c?afya %Cia )é

presence of'the co In a sa one o he monoc?ona an |bo |es rsearrco]twg))act with
proinsulin andtinigitianatagsylinesathat mmnhchm&b@fm’mdymmmmltﬁ@d:ﬁham nem@ﬁetrve with

these analo 013] h the xpress ns "reacts wjth" insulin nizing" insulin,
"pinding to" %% he Hﬁ’dgﬂ’ﬁ‘gl*? E:r%%fé \Bﬁﬁ?&%@qéﬁﬁ‘t@dﬁw ﬁlrc?lﬁ?e used
synonymouslyiadiNgJessiotie r{MﬁbWﬁ%éﬁ girleakiﬂg&dest 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 cam%geﬁg r’@ﬂ@ﬁ{?ﬁ%?ormegﬁgsmg gherﬂgﬂcmle of surface plasmon resonance (SPR

method). The SPR method can evices, sensors, and reagents commercially
available und#1fHe name of Biacore (registered trademark) [0014]- Stating that an antibody of the

present invention "dges n trea,[ct ith" a co mpoun qgl sth tt eantra%d oft resent

invention does not substantia ‘?ﬂ/srgaf: Stk e léldfr%npld)dln a ensﬁn‘bn% S%n Illl)llgreactlng"

suggests thakgshaBiceskcEbel G0 Hae@eﬂmgteotvthetprseﬁ@mésaweﬂn@ﬁﬂ$heqtreee@gmzed when
Biacore (registered trademarka)&Tloo is used for |mmob|I|2|n[gﬂand assaying the antibody of the present

invention ba¥¥ isPeLaRTsHd 3o Fred b dersaibet padalings: i el A wd vk ivRy between

an antibody gBesa £ABRUBELISRebsiERLfiGaRLY 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 compotirifytanereaplogalantioessearthvdt srirdianianthe art, in addition to the SPR
method. [0015] g@?}tﬁ%%%&?ﬁ[d%})%&5%3?9&1%‘6%%%9(:@%ﬁ?ﬁ%ﬁﬂ'&%otundecgttfl% igRylin molecule or

a portlon as an anti
- “monoclonal antibody and not with insulin not bound to the first monoclonal antibody.”

[0011]

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

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

ittsuiin. 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.



A monoclonal antibody (66221-antibody) produced by a hybridoma (FERM BP-11233) can specifically
. be cited as the "first monoclonal antibody" and anogher 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 emuldisfihevesdarsd oidoelvatd matibaidioracit-iniaien erhdsiandipesaste, or aluminum

hydroxide gel as well as a protejn or, peptidic substance derived from biogenic components. For
example, Frgboﬁ@\é\i?ﬁ@%ﬁ?ﬁ%fgyoraéoqi%fl%h?(gﬂ%ﬁ\ygn{tdéﬂaﬁga@%@ﬂ’f 2 ISACHAPSt {5508 Withough not
particularly linéesk fhdselesisad shatithapgmbvysy alipnilda MHRiRieraR €Rser ARMlin

administration time of the adjuvant are appropriately selected such that a desired immune response

can be enha¥fesgiELby Rindmadodhedirsunprersispahantihadeanfboret withaheinsghinkedhsice of the
animal usedd{qr | ization i ti imited, it I 29 can be a
mouse, rat, %v%%%%%%%%géggﬁ, ﬁ%ﬁ%@%fggﬁﬁg’rﬂ%@rreg i%kel%]%mal may be
immunized ihabgeiddheetwithiee gonemated teckpapdentygy the nsuinnizdiotedaeibbeaghiewdd by

subcutaneously, intracutaneously, intrayenaqusly, or intraperitoneally injecting the animal with a
solution __qf_a%rﬁ%yﬁ%%%%{oﬁ] rg?%b‘f%“ﬁ?&%\ﬁ?’g%%ﬁmx%%ﬁ%ﬁi\?a%%?ﬁéeg%#ﬁﬁﬂﬂ%% Fé’%%é’f?é!é’i’gj generally
different depandingrodethtetypeparyd stigith ¢haniabivoatte besimpbitized, it is desirable that an
immunizatiISqE @téidule is appropriately set depending on the animal to be used. Preferably, the
antigen ad i tion is repeated several times after the initial immunization. [0019] A method of
producing a monoclgpalanibacnilsrliranieperomad incanfarmitt it o described, for
example, in Antibodies, A Laboratory Manual (Cold Spring Harbor Laboratory Press, (1988)). The
following op&fatisHEnradinssiguraatepaidrnitonmracitenal moiiorlvriatesititdrypobut these
operations qr%&p‘;éimi&?&?& {1 ZaQJd' r ing] immunization, the hybridoma be produced
by extracting spleen or | mp%sn%%e ce ss@vﬁéﬂgggéggﬁ% g}fﬁg}gﬁﬁ%’.ﬁ%s&eﬁgf ??o%lgﬁlcllﬁémunized
animal and hysfisingtlestemeliktiots puolifesativdimlistonn incelis. tpsrpriefeiliediigteells having high
antibody-praducin ility (Quantitative . and qualitative) be used for the cell fusion and that the
e S R

myeloma cel§He corr%na e from which the antibody-producing cells to be fused are

derived. The cell fusiie ¢anrberpesiarenad ioaceRsianeRiNGdy amepacknownindnemktand a
polyethylene glycol method, a method using Sendai virus, or a method utilizing electric current can be

employed. THeABHGOFR AL BORTTIALEass Beast sTiErany Plihsse sempeendmedidfisvel Avethod, and the
LL desired Nyl Ganiae aplacer e, dRAitiGhe bionsibiofesieduced Anpody. The

hybridoma can be cloned by a known method such as a limiting dilution or soft agar method. [0021]

Selection of RrseSrddhscprepivsidgithe sivspladi oslonaHzntivodylwil lzatiestisbddes not The
hybridoma ickently: lected at.the selection stage, considerjng the condition under which the
produced a%%%??t%ﬁﬂg E%:%%ﬁﬁﬁé%é }%Sﬁwie]}la%gg%sl‘:@e&@%p é),n fh%oﬁly ] 6%§c%ﬁ%geacquired by
selecting a hyaridenaibatepodidecesiathawetimathsseactive with insulin through ELISA or RIA. In
particular, fir@?ﬁi solid-phase antigen ELISA, reacting a monoclonal antibody in the culture
supernatant olid-phased insulin and subsequently reacting labeled anti-lgG antibodies with
solid-phased insulinAigHésga fae selaetinera Mhddama thalniRdueesAMRpoHiensh anikasly that is
highly reactive with insulin. _A monoclonal antibody having a desired property can be produced by
the mass culfivaiihia:ne TRbribidnmcserscrgtiitiz iidenes ramiavibl vhmasereurivation is not

particuiarly lupiiad Adaainglde s g0 Meied.airedising e Mopeaipiplanitagin culture

media by culfivating the hybridoma in"appropriate culture media and a me producing the
antibody in dbtierhimaiedrtspdytsycingeniliiy thietsy Biibletea intarttibodlydveinakdayvityrofrmigegammal for

proliferation, The monoclonal antibady can be purified. by appropriately comhining anion exchange
chromatogrzgﬁ%rfll,p 8%%%/3 ARy gg?éﬁﬁ?/,gﬁwgegﬁpﬁ%?ﬁ% %Eff% it itle] od, the PEG

fractionationcoephdtyveml.Ife eiharehfatiORBIOA Beti®dd 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 of Biacore (registered trademark).



[0022] Hybridoma producing the second monoclonal antibody can be selected by appropriately
. combining the following methods: a selection methgd 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 12 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 anddf$d]in in advance, or a method in which antibodies exhibiting no reactivity with insulin

are selected using I?#;[lcore registered trademark) T100, for identification. [0023] . =~ The antibodies
related to the presert VTR 0&%8@%@8@{%@3&& dpesat sRerl el fragments

having antigesayeiRady seaat onegibinitdss srtiRogiesaambsthnse.acquiram thiaugh immunization

of animals, by a gene recombination technique, or chimeric antibodies. The functional fragments of

antibodies ifERE& tedbs suRBonas: vdHls Fiadesiinetivhataiipiermactan raggetssert by processing
the antibodiggacQuif [ | Iytic. epzye ' apain). [0024]
One or both of the firgfg%?r%‘%@esc‘%f:%%%%r%(\:{%rgg%ﬁég%ﬁs%%ﬁgggﬁg&%t?ﬁsgﬁﬁgﬁmﬁgﬁbe
immobilized Biacane feishdeed drademurka 0 60 iwithed foelidknmobilizing echassaplyg bedtabekdyy material,

which we will describe later. We may refer to them as "immgpilized. (s Ié%aﬁhasgﬂ%ntibodies" and
labeled antibodies. ngglﬁ%elc vty %%T?&m%ﬁ{o%ﬁ dd%r Pa%l(ﬁg ﬁ’ﬁ%tgaé Bt TN scope of
the present ihuetitorRabidvisxbsnpienan innbokiizad avthgdean hetvpskradhyGasiag an insoluble
carrier to physically adsorb, or.chemically bind to a monoclonal antibod%%(éa suitable spacer may exist in

between therRHAE iR s sPRUAl sERFARS Y Y B merpReadadded) Nradassddolystyrene
resin, an INOigANIC RS FASHALSHER 2581858 A0 A RAUSAES AR RRSE MARTAl such as celulose

and agarose, and the shape is not particularly limited and can be selected arbitrarily. For example, the
insoluble caff8HRAEYI0Y i Brshsrapelldmeprate thogs skitlrsbiatbet nediitand, BediRR particles
(e.g., latex pagigles and colloidal gold particles), or a cylinder (e.g., test tube). [0025] 13 the present
invention. Labeling materials for antibodies include enzymes, fluorescent materials, chemiluminescent
materials, bigH,5dvidin, radio isotopes, colloidal gold particles, and colored latex. Labeling materials
can be bound to the antibadies by. conventional methods, such as glutaraldehyde, maleimide, pyridyl
disulfide, or periodic%(lzl grge ‘fﬁ%&ﬁ%’éﬁ?&ﬁﬂé’%@% WWWBEH&E%FEH@IE&L&%MVH}% the
producing methedstRye L2QinisntiedHo those described above. For example, when an- enzyme such as
peroxidase gr alkaline phosphatase is used as a labeling material, the enzymatic activity may be
assayed usi é@peoific substrate of the enzyme, e.g., ophenylenediamine (OPD) or

3,3',5,5"-tetramethylbepzidine.fon gg@%(ﬂdéggm[%%,jlﬁfg@cg@ggﬂ%@ﬁ%%ﬁﬁﬁwhate for ALP.

When biotin is used as the labeling material, at least in"or enzym nis normally
used in the fBckigH jooreipecifipaliyibaiesutiptithe, Hirtinsohvolomcdmigitantegy 4vd reptbsented as a

"solid phase," ' [ ically.supporting an antigen ar antit(e(g t$ 0 | %juble carrier
or the suppo%%%%%%ﬁ%ﬂ? eﬂé%%%%%?ﬁ& %&i%&%ﬁ%iﬁ%, ?Frlﬁlfhd(?biﬁllzlg ,ﬂ(\é}o g‘é;gé
"sensitizatioogh tic"@tisbaptinn “sddeadenmnidiiealiantmidymeasurement” must be construed in the
broadest seE(?(f ﬂcluding the existence proof and/or quantitation of insulin. [0027] "Samples,"”
which conta ﬂ analyte to be detected in an assay using the antibodies of the present invention, can

mainly be body fluids KesivesbiRE V2 hépgaar- AaaBisEh Thebady Buiissap sresifsally include,

but are not limited to, blood (whole blood), serum, plasma, urine, saliva, phlegm, pancreas extract,

lacrimal fluidD&baS AN 258 857 SERRUNQREIDOB] RS Rieh of Bhosphaty-hadireed sritne (BB by the

present inveﬂ{&%ﬁﬁﬁlﬁteﬂng 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



particularly limited as long as the reagent is capable of assaying insulin. Representative label
_immunoassays, i.e., ELISA and immunochromatogirgphy, and a representative particle agglutination
immunoassay, i.e., latex immunoagglutination assay (LITA), will hereafter be considered examples
and described. [0029] Label-linked Immunoassay:ELISA 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 AR IINeRIABHCARIESINSUIA 4R ﬁxﬁ@'@ﬂﬁe@djﬁ%@&é"aﬁ&ﬁi@iﬁﬁ@@?dy complex.
The second monoclonal antibody labeled with the labeling material reacts with the insulin-antibody
complex to fsFisdawivihal adegitpd imsumneireiensaraidesnbisacsdsaypadibimaldadwing an amount of
the labeling m%pge@b?@@%a%&gitable 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 phd8e18hd 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 ca§ WHeh the clioigq of eg%??g%ﬁlélsf %&WF&I@BF’&&P&H }i’ﬁléf{%l?@

configuratiotiisifeined pefiableaRRAANSA8AY S¥seRdul03E] bovirdsresif1Qlcambe
recommended as a particularly preferred form (the insulin assay reagent of any one of aspects [13],
[15], [16], arti§aRs 3 THEUSFSISASH® BrsHetr sthtibsigriansh mab e dammizglitiphase, the second

monoctonal auipehecsinbaled i alaheling. reaterial ARG ASBRYERAX ELISA). [0037]

Considering the sensitivity and specificity of the assay reagent, the configuration revéersed from the
above can bélegHisisanlasitswaneouslfaitavirstsipnociotaperifiboahyyaietsthevitie a labeling

marerial, angy a1 RIS HTH:AR JRRIGHY NG SCRN Mengsine shtbedy
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 appropriafely 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



In case of this configuration, the test sample is preferably mixed with a solution containing the first
~ monoclonal antibody labeled with a labeling materiﬁ 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 hasshgdifferaitniacagniteslsited)widSidkntifyignbeplidptagnbtseeotordnded as a
particularly preferred form (the insulin assay reagent of any one of aspects [13], [15]4%&16], and [17],
wherein the Wﬁﬁngéﬁnhﬁbﬁﬁﬂm%ﬁhé%ﬂ%wmwiW&tH%'téH%h,acfhé LpptheidHsiotional
antibody is igyaoRiligadiie:Roolid phase, and insulin is assayed by ELISA). [0034] Label-linked
Immunoassay: Immunochromatography = Typical immunochromatography is configured such that
in order of dié{#de from the edge in the longitudinal direction on a sheet-shaped solid-phase support
such as amembran le sobuti in canillarity, (capillary
phenomenon) throu§ﬁ%glag§1 Zoglm%;%}fgé%%r%h sc%’?g&h‘gggﬁg%@@é%?é’gg‘g%? éﬁae%ﬁ%%t o%?l?% a spreadable
marmer on thesonibatbrane, a labeled reagent containing the first monoclonal antibody (the first

monoclonal antibody s labeled with a lahelin terial such as colloidal gold particles),," and "3. a
capture reagent sitey{/\kl'l'?ﬁ1 &t g%nc@lﬁ%%&%%]g%ﬁﬁﬁ%&fﬁ?ﬁ?ﬁ% SR t@ﬁ&ﬁﬂﬂ?ﬁﬂ)éngomplex of
the first mongelepadidintinadelaatecndth-Jaadabeatingonaieahang iRsalin.the assHy Pagticular, when a -

predetermined amount of a test sample containin%&nsulin is added to the sample loading site, the

sample infiltGEaRkKe bbby dempesindhe araed v seletiasra dahidams thalmedseh@solid-phase -
support, a”dﬁﬁﬁ)gﬂl?#éﬁéﬁ@g%}&q}t‘édﬂﬁ?fﬁgd_ PER ACOPIIRING thedishmanqcigpal gatibody) to form

a labeled reagent-insulin complex (an insulin-labeled reagent complex). The labeled reagent-insulin
16 complex pbatinudizepidhliing madimpeingoreibeahranirdné theccwhen sufitratingtiniththe capture
reagent site on.the, membrane, which contains the sec mqnoclanal antibody, the complex is
capturedt by TR e A R T AR 8E AIRats M remgent
(second monphekedahsutitnddykddSolinelizbeiedabageds i shanprdokasal moihbolikCamipleiyat the site.
The presence of the analyte ¢can be determined by detecting the labeled reagent by a method of your
choice, e.g.,%@fté% gt rREE I glutination (agglutination image/picture) in the case of
visible colloidal gold paniiglss and Qﬁfg@@ﬁ%@ﬁgﬁ@gg@gﬁp}gﬁg@f@gﬁ siisriaadditigef d.aybstrate in

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

a labeled re&glHiadien ofbadmaridoma pelostrsbie thisamanen thagtbedorbmass qubsriiprdsgent
containing s {ipatmanesiapaanthedk (e lle BonasioRalearBRtiz IR RISt Ml b Ing
material such as colloidal’gold particles)" in order of the movement direction of the test sample to
facilitate undevstadglingsthoseskiiedinctitatigatho byloidiymarid ergteupd shatwieitekmodia and
forms/configuration be em ed,.such as a stacked structure.in the order. of "1' and "2" from the
top. [0035] R RS PR R AR Oy LT N R o P B e o
passage of thedest sbaapiénthrendly o atebeled Ragesiciaithatheldsoibdosareadbbis baanner on

the membrane, a labeled reagent containing the first monoclonal antibody (the first monoclonal

antibody is I25EELERPE IRBERRA R SAR NS J8iesIRchigs 4 pareiesre Bnd tHettore, with a view
to enhance the-SeRRIIMLATHB AN RARER SHERA YR AR R MBRCHE P @HRedies hrvIng
different recognition sites can be used in a preferred manner as the first monoclonal antibody labeled
with the labemsthathanbihe ethanpdeegtishetinn imsthiedassay reagent of aspect [13], wherein the first
monoclonal antibady 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 [H3hfitbinplfiodundnd #e sdverel nribwotiishal Zntilerdctandlastibady bs labeled with a
labeli terial, thy d mo | antibody is i bilized t lid phase, and jnsulin i
g £ L M ST e e e e

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
msulin 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



Turbidimetric Immunoasasy: LTIA Four embodiments, A to D, of an assay reagent (kit) for

. detecting insulin present in a sample may compris%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 LTIA in a
preferred mavingr ifthentatetetparfitie sacsed inoAdd ddamibeodelactelidapiprardriatebgdnvtattras of particle

diameter and type.jn otder tq acquire the desired.capability, such as enhanced sensitiyity. The latex
particles marf%'y’g‘fﬁ{gs‘@l ﬁléﬁéu%?_@&ﬁ 58%633@%&%8@%%?% rﬁﬁ&ﬂ%oé?é? particles

may be of pafitiiyienadsivenesuienicadd { swttanate) waRA MRSy erstnathasrylic acid
copolymer, acrylonitrile-butadiene-styrene copolymer, vinyl chloride-acrylic ester copolymer, or vinyl
acetate-acryfeAitiveu: tspbn mesckrtdire Bisrapcsrineiaidiepanlosildoparticularly
limited, it is pigfgeahle.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 analf&Xas a size sufficient to be visibly or optically detected. The average particle diameter
ig preferanyIO.OZ to’ll?jg &mb%ﬁﬁje{?%ﬂa g&atg%.og tgn%% mﬁ(IJDa(r;ticI%g %qg of 1r.tr)10e&allic coIIoiq, gelatin,
liposome, microcapsule, S|ﬁca, alumina, car oh Biac , Ymetafic compouﬁ‘a, me?’al, ceramics, or
magnetic mateliehtambertised finstdadadftardatextaaitiglest 03] tibodfachampigvitye reagent of

LTIA used i?]l, linical examinations is usually provided in the form of the first and second reagent
solutions, w ﬁ%%@eé&aéﬁﬂ @%@W I PR RHER SOHEBRIBON F553Fd (b) in each of

the forms A fgcBhianabierneipdesdd dheHirst 4 sepondseagentseliion £Lbgdatbeds Bhineding (a)

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

clinical exarif é%@zﬁ@@@é@ﬂaﬁﬂhésa@ayﬁ@ﬁéé_mgm@ﬁ sanchpatsiftehbyuzasiimireAlthough,
preferably. (e o {6108 0N I YIS N P00 1AHR0I.(8) AP the form A

can also be included in the first and second reagents, respectiv anner. [0040]
Aspect [18] paprbB.recommended as a particularly preferred form (the insulin assay reagent of any
one of aspef(t)%%i], [15], [16], and [17], wherein the first and second monoclonal antibodies are
immobilized'to latex and insulin is assayed by latex immunoagglutination assay). [0041]

Although'the embodiyeishoting e sentiny eatian have bloanl daseiard bytaepsideating aspect [3],
which is a representative form of the present invention, as an example, those skilled in the art can

obviously urfBErEEAIRE% DR EpRebLis 98 o SARPR SREE sickbsdeth Witk gurebime @ §1dusing a
polyclonal apgbaehhiprtaa fistmpibadtasImRERGE W RBd o ALM@re maneslpRplrpiibodies

having differqu.%n[ﬂon sites for the first an_tibgs)dy, as in aspect [5], on the condition that an
antibody forahel ibzedtisoHy phasplentibodised apgolabtled aitiostiesh apgstiedyit Fwelntion will be
332&”523. I R AR Y L RIS RS SR S XA IR R SRS R DY S THOP R APt DRliRG Lo these
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 Jabeled protein A or G, which can bind to the second monoclonal antibody of



1970043] [First Test Example] Method of Producing Monoclonal Antibody of the Present Invention 1.

_ Preparation of Immunizing Antigen After humaﬂinsulin (Fitzgerald Industries International,
30-Al51) 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 pg 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 titethinpiechidadesaiomIbabithgeli-iesial faspnirtdisaencnyia sorting provesiseausing 50%
PEG 1450 (Sigma). SP2/0. myeloma cells were used. The acquired fused cells were suspended at 2.5

x 106/mL (aD&sreds ChADLHRRNRcrE R KiEth Rl oridetrdinrolpss reekioidigelderum, and 10%
BM-CondimgghiddyidomsGlomngiSy LBRchE Diagnaatistic Klingigdispensed in a

96-well culture plate in 0.2-mL aliquots. The fused cells were cultivated at 37C in a 5% CO2 incubator.

[0045] 3. Sﬁ@’é’l‘ﬁﬁé%‘ﬁi—l‘%ﬂﬂ@ﬁaé@bo@tﬁﬁ@ﬂ@%@=Mtﬂ1|@§ﬁéﬁfalpplﬁdﬁbéi9ﬂﬁd%ﬁlép@év§ﬁ days from
the cell fusQ[lgi&rI]EeﬁJIngrl_emwg@err]:l%@@iﬁé@iﬁgﬁg‘gh%gl%g%@égglggggfi%ggj%ﬁla}pﬁ%enr ‘%ulc described

later as primary screening to seléct w It a high reactivity to insulin as primary positive
wells. The celtshiodthargriondinpipakittkosetssardiredsaially Passagaplinwh2d-aethplate. stéer two days

of serial cultivation, .the culture supernatant was used to perform competitive ELISA described later as
a seco_n(_ja_l_ry_fL SBREEH ags?oogéj‘ié%ﬁﬁé#éo BRhSites aﬁié)I]]a gggﬁ\fﬁ? 51‘7’:]1‘51\&ﬁne]é@'§?ea&fndary positive
wells. 3-1. RiehigtionpbtheGolid-Rhase potigrnsEidsAcRiptee 2zyme, IBgulin prepared at a

- concentration of 1 gg/mL with 10 mM PBS (pH 7.2) containing 150 mM sodium chloride was

solid-phase8 8y Gadismiyg SARGRRoH 3 ( {emeily lenal dnaven berectrdish Rswrsddesstand

overnight atiipAtelyashiog ine Hsa A9 p-ell O RRS solyRneonalbing 0.05% Tween

(registered trademark) 20 and 0.1% ProClin 300 (Supelco; PBST), PBST containing 1% BSA
(BSA-PBSTIndlss alispérrsédadnon guiwek-anulifiehasddio stadnally ot t theoreattiomperature for
blocking to rfgg%l e an ELISA plate. The ELISA plate was washed three times with PBST and used for
ELISA tests-desctibed in the examples by adding reagents. 3-2. Solid-Phase Antigen ELISA (1)
Mouse antiserum orlnultisréestpetioajant didblabliseshdet Sl tadrsiepetiseiwith BSAIPBST was
dispensed on a sqlid &?}ﬁe_a |genﬁgﬁﬁé&\ late at 50 gL/well and allowed to stand one hour at room

temperature?"35% (N ARSFIASHIRY cURRITBIBSR A LET A5 AU I RPYERER1:02-AntiMouse
lg's (BioSouiigg el 4421k Al ERGRQIPHHD eevithaB A B R SEMasdispansediaeC gL /well and

allowed to stand one hour at room temperature. ~ (iii) After washing three times with PBST, OPD
(Tokyo _Chen%}ea}qh’d%f};f &%9%1@@%§‘%ﬁ§§&mat”zoﬁ1‘@ﬁhﬁgmﬁ1m2’ Mihsifira Elatertinsitiven
containing O (puehioge R Rer BXICGINALES (hete DAk YRR AIaR INCsRliRD), Adged at 50

pt/well, and allowed to stand one hour at room temperature.
~ - 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.



(iv) Furthermore, 1.5 N sulfuric acid containing 1 mM EDTA (hereinafter, reaction stop liquid) was

. added at 50 pL/well, and absorbance was measur%g at a wavelength of 492 run using Titertek
(registered trademark) Multiskan Plus MK Il (Flow Laboratories Inc). 3-3. Competitive ELISA ®
Solutions of human insulin (Fitzgerald Industries International, 30-Al51) diluted with BSA-PBST at 0,
2.5, 5, and 10 gg/mL were dispensed on a solid-phase antigen ELISA plate at 25 gL/well. (i)
Culture supernatant of the fused cells diluted to 5 and 25 times with BSAPBST or undiluted solution
thereof was then dispensed at 25 pt/well and allowed to stand one hour at room temperature. 21

(iif) The subgeeffgnt operations were performed in the same manner as steps (ii) to (iv) of "3-2.
Solid-Phase Antiger]}&%_ls. " dﬁcribed above. [0046] 4. Screening of Hybridoma Producing the
second Monoclonal Af5oEFed Imapmrassmn ddpérom the cell fusion, the culture supernatant was

- used for performing paneyig ELiSAsae sciikad datgrie @&L&%g%ﬁﬁmmm & RighhsRMtY to
insulin bound to the first F(ab’)2 monoclonal antibody collected in advance by cloning and monoclonal
antibody colaehigs tedolsatngrementssandwich ELISA (i) The first monoclonal antibody (in this

- case, 66221-antiboq¥2 é("?o‘iiH%ﬁB%g &%%%glg@%ﬁyﬁggﬁﬁ% %%ggggaﬁ%%?istered trademark)

F(abD2 Preparation Kit (Pierce, prod# 4488 onoclonal antibody prepared
at a concentiatiobidiz2d.ghL with PBS solution was solid-phased on a 96-well plate at 50 RL/well and

was allowed to stan ernight at 4C. After.washin ee times with 400 giwell.of PBST, BSA-PBST
~ was dispensed at 1&35) P Wseel%%rhgd%(ﬂ%% (Hl%%}ﬁlﬁac%ﬂéﬁ?i ‘g@baoll#éﬁ% {1 for blocking in order
to produce gn(B0|SA plate. (iii) Solution of human insulin (Fitzgerald Industries International,

30-AI51) diluted with BSA-PBST at 0.5 isg/mL was dispensed on the ELISA plate at 50 pt/well and
allowed to stand one FotRlit PBasH e ataniate) withhokest wasarieps aeihadys with PBST, the

cultre supegaiat oL fuses selcilviedsiaouie Wil BRARES RS cispapsedial SO RLwel

and allowed to stand one hour at room temperature. (v) After washing three times with PBST, a

solution of WW@tWWW&@I@@%MB@MM@MﬁIMRF@ﬁm@ tigodeulines with
coxres el R AR e
the substratexelissohdray solutiohofitid ésbaling) ptivel] Bpd allohelstasiinfbote hbetiagroom
temperaturefnﬁgﬂal. 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 assaved 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.



(vii) The reaction stop liquid was added at 501.th/well, and absorbance was measured at 492 rim

. using Titertek (registered trademark) Multiskan Plus MK Il (Flow Laboratories). 5. Cloning and
Monoclonal Antibody Collection Hybridomas stlected 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-week-old female
BALB/c mouse intraperitoneally injected with 0.5 mL of pristane two weeks earlier. The ascites were
collected after 14 daf<casn@iHesseqrdtaanating. Wt éeacspineld Isyoodetailgatived Hith suphiiatants were

mixed with t 3 rption buffer solutign (3 mol/L NaCl, 1.5 mol/L. Glycine-NaOH
buffer solutigﬁl%%%ﬁgor%@&eﬁﬁl ?r%{teacli .a?ﬁgof%rg %éi?/gevrvéﬁbg %{éﬁlﬂ%m?g?{lgl%?o{'%ﬁﬁl ﬁ“%epharose
column equilisrtechnitiodgisonmier huffiersebititaritaddsed dhe hatikadiesainithrifitmipsysing the
column, and tggcf;\gtj[[b ies Wﬁ@ﬁelute wjth 0.1 mol/L citrate buffer solution (pH 3.0). After
neutralizing the efuate M RbppeT i tRers BoRARAG REE R iENRE YA B Bitned with PBS
to collect theariljndies, with tHh@anitediapireiarad gaaiNe /042 HiARIReHY ANE66226-antibody,
were subsequently used in tests. [0047]  Hybridomas producing the 66221-antibody and
66226-antib \‘R%Fé brppeidibicarnhternanising PiseeaCigusidin Bepdsitedmmiralthestitute of
Advanced | [ | T Central -<L-1.Higashi, Tsukuba,
Ibaraki, Japﬁ%%%@gﬁrﬁ%%%gg glﬁqup %%@aﬁé%%%%ﬁ%%égéégﬁ R ?Pfj%gloiﬁ%eﬁg&ﬂﬁfipzlsol,
respectivelyaSghsagaainlatpest (18iewzmsie tteditcstherBoden shfibedty confabufawolor, 2010,
based on the origj osition, upder the accession numbers FERIV1 BP-11233 and FERM
BP-11234, r%é)gée%%\?{&%%[%%@% é?:eosiﬁc? TES EXSH ?é?@%’ég%égﬁf"ity of Monoclonal Antibody of the
Present Invédizii with Proinsulin and Insulin Analogs 23 A test was performed using Biacore

(registered trademark Tlo%éj)r cross-reactivity of the 66221-antibody and the 66226-antibody with
proinsulin and insulfRASiS%! B8 thécrunmratedsss Rstiamaharsetesied oo i inlia insulin

lispro, insuligsagpadsinsulingansing Ape-insusy fﬁﬁrmqy%a dyheRRAGRMP AN Instruments 1-1.
Monoclonal Antibodies (i) 66221-antibody: 2.30 mg/mL (i) 66226-antibody: 3.99 mg/mL 1-2. Analytes

(i) recombinBRPATIRTHA 3REbAAY Ftabetedaithusklslingeraterioh4he3@.oans Ingidgwlomsulin: IRR
Proinsulin, iagy RBHANATTE% MRRAR0S S HA WL RN gnal9e fginulatons
[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: “1. 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



(2)-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- san1ofi-aventis K.K. (4) insulin detemir, 100 units/mL:

" Novo Nordisk Pharma Ltd. 1-3. Biacore (registered ?rademark) 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) T100: Biacore, M-1037-02 (ii) Series S Sensor Chip CM5: Biacore, BR-1005-30
(i) Amine Coupling Kit: Biacore, BR-1000-50 (iv) Acetate 5 O: Biacore, BR-1003-51 (v) a-Mouse

Immu_nogIobddfﬁgl@@&%ﬁu&@;}%gaﬁihﬁwﬁ@sﬁﬁé Ria6ers, S Rid e hivib.GlyGins 2.0:
Biacore, BR-1003-55 (viii) HBS-EP+ 10x (Running Buffer): Biacore, BR-1006-69 (prepared at pH
8.5 with Nadhs eamduasueagend sitnes thimmsurifresevwahielbpontainsoba ssceniesenelped 24

- 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.
- alabeled 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 “1” 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



The 66221-antibody or 66226-antibody was captured by a-mouse immunoglobulins immobilized on a
. sensor chip, and insulin, proinsulin, and various instIin analog formulations were added as analytes to
evaluate the reactivity therewith. The specific operational procedure used is as follows. 0]
a-Mouse immunoglobulins were immobilized on Sensor Chip CM5 (in accordance with the :
accompanying instruction manual). (i) The 66221-antibody or 66226-antibody was diluted with
HBS-EP+ (pH 8.5) to 5 j.tg/mL and added at a flow rate of 30 aL/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 fombR0cdendrisieathisAatiniedfon fhiectabeiniggrdiesad) dtiosewasl sadriocl@lseconds in this
case. - (iv) Glycine 1.5 and.Glycine 2.0 were mixed 1:1 to.form regenerating solution, and
regeneratiné@é&ﬁéﬁ%g%%%é{meads A’rdllge?ﬁee&?ﬁdg.s éﬁ)f%s.a@é ts 3-1. Results of Reaction
with Insulin immneyciieB883dinanibody and 66226-antibody, the reactivity with insulin was checked
using Biacor@gegiistered trademark) T100. The results are depicted in Figs. 2 and 3. The
66221-antib owed a reactivity of 8.5 RU at an insulin concentration of 10 ng/mL (Fig. 2). In
contrast, no reactivity agidRieetadMRLINEL622¢raptibody (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 sendtusgrteeijonss.) 810 IResresass R eaagion (Kith forcietsolinginguliisulin Analog
_Formulation o enforatgaengi?g%}-agt%o%eaﬁ% I(soq%zvgilﬁir;t.ibody, the rgactivity vyith proinsulir! or various
insulin analog ormulations (insufin |S|[Pro, nsuln aspar%, insulin glargine, and insulin detemir) was
checked using Biacare(fidaisiepeditiasiemarky Titbindhe:Iesi hisibepidiechinbifigsl 4:d (82, 5-1, and
5-2. In each case, at,an antigen concentration of 10 ng/mL, respgnses of 5.5 to 13 RU were detected
for the 6622’1?%&?8&@%”& ﬁéﬁcﬂadraﬁﬂﬂﬁl?%%“g@wé@%%%%%zzs-amibody. 25 [0052]

[Example 1] Assay & Ipguliftsingcfeompination:of ManreisaphAiediaseh sk ieaemy Invention 1

1. Production of Latex Particles A glass reaction container (capacity: 2 L) equipped with a stirring
machine, reffifceerribrsmedeaaiantiating device, nitrogen introduction tube, and jacket was filled
aqueous

with 1100 g of cisiled ey O0RASHBNE i harfumsueng adlione andqaveons

solution of 1.5 g of potassium peroxodisulfate diss ed water, an
of the containensviened plided withrmibdired:gasl polymerization was performed for 48 hours while

stirring at 70C. ter the end of polymerization, the solytion was filtrated with f%gr paper to

extract latex particlﬁ:sg.' éﬁgﬁg %réllor?se e%r%cgﬁ?nt%? é"éBB]é a?ﬁﬁ%?gﬁ?g?ﬁ %?’8@91 8l "JEM-1010")
was used foinimagiiigethe latex particles at a magnification of 10000 times and analyzing diameters of
at least 10(:]@(§ggired latex particles to determine the average particle diameter. The obtained average

particle dia lvas 0.3 pm.
These assay reagents (kits) can be used in LTIA 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,

mstyrenemmethacrylic 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 pm and particularly 0.03 to 0.5 um. Particles

made of metallic colloid, gelatin, liposome, microcapsule, silica, alumina, carbon black,



[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 pm [in 5 mM Tris buffer sollftion (hereinafter, Tris-HC1), pH 8.5],
66221-antibody solution, diluted to 0.60 mg/mL with the same volume of 5 mM Tris-HC1 (pH 8.5), was
added and stirred at 4C for two hours. The same volume of 5 mM Tris-ITCI (pH 8.5) containing 0.5%
BSA was subsequently added and stirred at 4C for one hour. After the solution was centrifuged and
supernatant removed, the precipitate was resuspended in 5 mM TrisHCI (pH 8.5) to produce a
66221-antibogyaBensitizesiiiatexgalticleasdbition nZghdticogiatiinn anteredintkadySaasitized Latex
Particle Solytion The latex having an average particle diameter of 0.3 pm was used for producing
a 66226-anuﬁf8‘6)1’-§@r‘? itized latex particle solution in the same manner as above. [0054] 26 3.
Preparation phRgagents 3-1. Preparation of the First Reagent Five (5) millimolar Tris-HCI (pH
8.5) containing 500 mM of sodium chloride and 0.2% BSA was used as the first reagent. 3-2.
Preparation of the SEdorERRsgHsTRrebrdd- Vdiuined bt dinied zxprainabiotyispmpally

66226-antib iti [ ti ' [ ' iM.Tris-HC1 (pH 8.5)
such that ab%%ﬁt%@:%ﬁgfegf ég%\qg@spv%sﬁg%ﬁ%\ge% %%n\g%g\%gggﬁ%go%hﬁ%%ﬁge@%g#% second
reagent. [0085%t] Wishdhe test Therlesnarsd. $2uondbethgehtsidvéreiteachinétheafodnsshltio D
concentration-dependent formation of particle aggregate was jdentified ysing a Hitachj 717
Automa_t_gg__{_&%%ﬁ/%lenr? 1 %%%rﬁfgrﬁ EBIJ;) eg?ltﬁer ‘?%rg?l?’g%f} EHPR %Bﬁ’?&o fﬁfﬂCM Llutions at
concentratiofhy oh0, b, sppr&tialely, e 2@ Aetindingnsh ieapestish R o fahdiviess dsasequently, 50
gL of the second reagent was added, followed by stirring. After five minutes, changes in absorbance
associated WHH g GSATERATORoM G e drel gR et aessan RareH dS6h A arertilith 319800 mu

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
mbe 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
sités 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



[0056] [Tabl_e 1] Insulin concentration # 11/m L Absorbance mAbs 011.4 523.6 2540.9 50
‘ 19

[0043]
[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 pg 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 perfoﬁned
by a routine procedure using 50% PEG 14350 (Sigma). SP2/0 myeloma cells were used.
" The acquired fused cells were suspended at 2.5 x 10%/mL (as spleen cells) in RPMI
1640 media that contained HAT, 15% fetal bovine serum, and 10% BM-Condimed H1
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% CO,
incubator.
[0045]
3. Screening of Hybridoma 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



| 57.7 100 82.9 2.00 117.1 [0057] 5. Assay Result Table 1 shows that sensitivity increases
) depending on the insulin concentration anql can be 8Fl)1antitated. [00.58] [Examplle 2] Assay of Insul_in
Using Combination of Monoclonal Antibodies of thé 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
Insulin prepared at a concentration of 1 pg/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 pL/well and was allowed to stand overnight at 4°C. After washing three
times with 400 pL/well of PBS solution containing 0.05% Tween (registered trademark)
20 and 0.1% ProClin 300 (Supelco; PBST), PBST containing 1% BSA (BSA-PBST)
was dispensed at 100 pL/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 superhatant of the fused cells diluted stepwise
with BSA-PBST was dispensed on a solid-phase antigen ELISA plate at 50 pL/well and
allowed to stand one hour at room temperature.
(i1) After washing three times with PBST, a solution of HRP-Gt F(ab"),-Axnti-
Mouse Ig's (BioSource, AMI4404) diluted 5000 times with BSA-PBST was dispensed
at 50 uL/well and allowed to stand one hour at room temperature.
(1ii) After washing three times with PBST, OPD (Tokyo Chemical Industry Co.,
1.td.) 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
pL/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 pl/well, and absorbance was measured at a
wavelength of 492 nm using Titertek (registered trademark) Multiskan Plus MK 11
(Flow Laboratories Inc).
| 3-3. Competitive ELISA
(1) Solutions of human insulin (Fitzgerald Industries International, 30-AI51)
diluted with BSA-PBST at 0, 2.5, 5, and 10 pg/mL were dispensed on a solid-phase
antigen ELISA plate at 25 pL/well.
(i1) Culture supernatant of the fused cells diluted to 5 and 25 times with BSA-
~ PBST or undiluted solution thereof was then dispensed at 25 pL/well and allowed to

stand one hour at room temperature.



28 66226-antibody: 3.99 mg/mL (2) Antigens Insulin, proinsulin, and insulin analog formulations

_ (insulin lispro, insulin aspart, insulin glargine, and igf,ulin 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 pg,/mL with PBS was solid-phased in a 96-well plate at 50 p,U/well and allowed to stand
two hours at room temperature. (ii) After washing three times with 400 pfl/well of PBST,
BSA-PBST was dispensed at 100 pt/well and allowed to stand one hour at room temperature for
blocking in order to produce an ELISA plate. (iif) The solution of each of human insulin, proinsulin,

and insulin analog feiiih IThtieasseifusatoptia RS ARBSTeitBndd T artd0ngimenassdippansed on the
ELISA plate at 5 géwell and allowed to stand one hour at room temperature. (iv) After washing

three times WifVPBIST; 4 SOlifibhase Bt abiéy 66598224988y or 66221-antibody diluted to 1

pz/mL with BsAgfBST was dispensed at 50 pt/well and allowed to stand one hour at room
temperature. (v) After washing three times with PBST, a solution of Immuno Pure (registered

trademark) StreptavidipCTRRPOUUfaidentr xrioEinR sz ond M eierksa B0bg batss with BSA-PBST
was dispensed at 5%&‘4#%%5‘& oW tﬁ% AR08, éjglﬁ%uﬁpos@ teel%é aex{{"%gae%steg e{yh) After

washing three times with PBST, gPD Tokyo Chemical Industry s dissolve mg/mL in the
substrate-dipsgtvimdngcianidwi chdoleld At dsGopibaed latanth allbweddhssiahithiong hbighatrodrittemperature.

uking Trorok DU RS SRS ATIE AT P D LRSTA SHEGTo0B8) 29 2. Resu
3-1. 66221 TpidnEhaderdatbemyRiatBodssanitasyitedesidesulis are depicted in Table 2 and Fig. 6.

4-1. Sandwich ELISA

(1) The first monoclonal antibody (in this case, 6622 1-antibody) was treated to
prepare F(ab’), using the Immuno Pure (registered trademark) F(ab"), Preparation Kit

~ (Pierce, prod# 44888).

(ii) The first F(ab"), monoclonal antibody prepared at a concentration of 2
ug/mL with PBS solution was solid-phased on a 96-well plate at 50 pL/well and was
allowed to stand overnight at 4°C. After washing three times with 400 uL/well of PBST,
BSA-PBST was dispensed at 100 pL/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 Tnternational, 30-AT51)
diluted with BSA-PBST at 0.5 ug/mL was dispensed on the ELISA plate at 50 pL/well
and allowed to stand one hour at room temperature.,

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

mcells diluted stepwise with BSA-PBST was dispensed at 50 uL/well and allowed to
stand one hour at room temperature.

(v) After washing three times with PBST, a solution of HRP-Gt-Anti-Mouse
IgG-Fc (Bethyl Laboratories, A90-131P) diluted 10000 times with BSA-PBST was
dispensed at 50 pL/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 pL/well, and

allowed to stand one hour at room temperature.



When the 66221-antibody was used as the primary antibody and the 66226- antibody was used as the
_ secondary antibody, a concentration-dependent ing ease in absorbance was observed for insulin,

while no concentration-dependent increase in abséfbance was observed for proinsulin and the insulin
‘analog formulations (insulin lispro, insulin aspart, insulin glargine, and insulin detemir) [0061] [Table 2]
Primary antibody 66221-antibody Secondary antibody Biotin-labeled 66226-antibody Antigens Antigen
concentration Human insulin Human proinsulin Insulin analog formulation! Insulin glargine Insulin
analog formulation/ Insulin aspart

(vii) The reaction stop liquid was added at 50 pL/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

10° cells, to a 12-week-old female BALB/c mouse intraperitoneally injected with 0.5
mL of pristane two weeks earlier. The ascites were collected after 14 days, and the

supernatants were acquired by centrifugation. The supernatants 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). Afier neutralizing the eluate with 1 mol/L Tris-HCI 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



Insulin analog formulation/ Insulin lispro Insulin analog formulation/ Insulin detemir Ong/ml 0.000 0.000
. 0.000 0.000 0.000 0.000 1 ng/ml 0.316 0.005 0.00%3—0.011 -0.005

A test was performed using Biacore (registered trademark) T100 for cross-
reactivity of the 66221-antibody and the 66226-antibody with proinsulin and insulin
analogs. For the insulin analogs, insulin analog formulations such as insulin lispro,
insulin aspart, insulin glargine, and insulin detemir were used.

77777 1. Reagents and Instruments

1-1. Monoclonal Antibodies

(1) 66221 -antibody: 2.30 mg/mL

(if) 66226-antibody: 3.99 mg/mL

1-2. Analytes

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

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

(ii) 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) msulin glargine, 100 units/mL: sanofi-aventis K.X.

(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 ('1) to (viii) described below are products
and catalog numbers of then Biacore, these are currently available from GE Healthcare.)

(1) Biacore (registered trademark) T100: Biacore, JJ-1037-02

(i1) Series S Sensor Chip CM35: Biacore, BR~1005-30

(1i1) Amine Coupling Kit: Biacore, BR-1000-50

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

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

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

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

(viil) HBS-EP+ 10> (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



-0.017 5ng/m1 1.491 0.006 0.013 0.001 0.007 -0.013 1 Ong/ml 1.995 -0.013 0.003 -0.006 0.000
. -0.016 [0062] 3-2. 66226 Solid-Phase Antibody Plgﬁe Assay Results Test results are depicted in Table
3 and Fig. 7.

The 66221 -antibody or 66226-antibody was captured by o-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).

(i1) The 66221-antibody or 66226-antibody was diluted with HBS-EP+ (pH

 85)to5 pg/ml and added at a flow rate of 30 pL/min for 300 seconds.

(i) 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.

B (iv) Glycine 1.5 and Glycine 2.0 were mixed 1:1 to form regenerating solution,
~ and regenerating treatment was performed for 180 seconds. |
[6050]

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) T100. 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.
[00511

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) T100. The result is
depicted in Figs. 4-1, 4-2, 5-1, and 5-2. In each case, at an antigen concentration of 10
ng/mL, responses of 5.5 to 13 RU were detected for the 66221-antibody. In contrast, no
reactivity was detected for the 66226-antibody.



WHhen the 66226-antibody was used as the primary antibody and the 66221- antibody was used as the
) _seco_ndary _antibpdy, no con.centration-depend.ent ingrea_se _in abs_orba_nce was o.bser\_/ed in any of
insulin, proinsulin, and insulin analog formulations %msulln lispro, insulin aspart, insulin glargine, and
insulin detemir). [0063] [Table 3] Primary antibody 66226-antibody Secondary antibody Biotin-labeled
66221-antibody Antigens Antigen concentration Human insulin Human proinsulin Insulin analog
formulation/ Insulin glargine Insulin analog formulation/
[0052]
[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-1010") 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 pm.
[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 pm [in 5 mM
Tris buffer solution (hereinafter, Tris-HCI), pH 8.5}, 66221 -antibody solution, diluted to
— 0.60 mg/mL with the same volume of 5 mM Tris-HCI (pH 8.5), was added and stirred at
74°C for two hours. The same volume of 5 mM Tris-HCI (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-
HCI (pH 8.5) to produce a 6622 1-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 pm was used for
producing a 66226-antibody--sensitized latex particle solution in the same manner as
above.

[0054]



Insulin aspart Insulin analog forrnulation/ Insulin lispro Insulin analog formulation/ Insulin detemir
~ Ong/ml 0.000 0.000 0.000 0.000 0.000 0.000 1 ng/{gl -0.011 -0.002 0.001 -0.004

3. Preparation of Reagents
3-1. Preparation of the First Reagent
Five (§) millimolar Tris-HCI (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-HCI (pH 8.5) such that
- absorbance of 5.0 Abs was achieved ata wavelength of 600 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 ITitachi 7170
- Automated Analyzer. In paticular, 150 pL of the first reagent was added to 10 pL of
insulin solutions at concentrations of 0, 5, 25, 50, 100, and 200 pU/ml. and heated at
37°C for 5 minutes. Subsequently, 50 uL 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]



-0.006 -0.017 5ng/m1 -0.010 0.004 0.004 -0.003 -0.002 -0.011 10ng/m1 -0.010 0.014 0_015 -0.001
. 0.006 -0.007 [0064] 4. Discussion

[Table 1]
Insulin concentration Absorbance
s U/ mL mAbDs
0 11. 4
o 23. 6
20 40, 9
o0 o 7. 7
100 | 82. 9
200 117. 1
[0057]

S. Assay Result

Table 1 shows that sensitivity increases depending on the insulin concentration
. and can be quantitated.
- [0058]
' [Example 2] Assay of Insulin 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



From the above.results, it is concluded that insulin can be quantitated without the influence of
proinsulin and insulin analog formulations because po cross-reactivity was observed when the
66221-antibody and 66226-antibody were used aszt%e 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 invention using Biacore
(registered trademapkPFG-80t(bed e ahtstlexample), the 66221-antibody reacted with insulin,
proinsulin, and all ir@glmn%n%ll%g formulations, while the 66226-antibody reacted with none of them.
Therefore, as the reaction Méchanism of this assay system, it is speculated that some structural
change occurs in inguiniwhesithel b6 22d iasiilbo dyalicgt forncis dtdns (lisdiol Habd fhws6lbz 26-antibody
specifically recognizes the structurally changed site to form a sandwich. [0065] [Third Test Example]
Cross-ReadtiityToF RIBROR eI A AR S BE O HHEBDeE i HTR MO MAAT AP AREIGs 31 The
test was 'p'égggmﬁg_using Biacore (registered trademark) Ti 00 for cross-reactivity of the '
66221-antibody and 66226-antibody with insulin analogs. An insulin analog formulation, i.e., insulin
glulisine, wd84#8d as the insulin analog. 1. Reagents and Instruments 1-1. Monoclonal Antibodies (i)

66221-antibody: 2.? gﬁs&&@ﬁ@ 26-antibody: 3.99 mg/mL 1-2. Analytes Insulin Analog
Formulation (i) insulin glulisine, units/mL. sanofi-aventis K.K. 1-3. Biacore (Registered Trademark)

~ Devices and Dedicaidd ResadetitrSef the 60228 Bisidnrdy(Reehdtred tiratiediatk) deQicggand Dedicated
Reage N S e 6127 115 58500 SEt X308 RS 55k Znowe Mot two
hours at room temperature. ‘
(ii) After washing three times with 400 pU/well of PBST, BSA-PBST was
~ dispensed at 100 pL/well and allowed to stand one hour at room temperature for
blocking in order to produce an ELISA plate.

(iii) The solﬁtion of each of human insulin, proinsulin, and insulin analog
formulations diluted with BSA-PBST to 0, 1, 5, and 10 ng/mE was dispensed on the
ELISA plate at 50 pL/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 pg/mL with BSA-PBST was dispensed at 50
uL/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 pl./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 pL/well, and
allowed to stand one hour at room temperature.

(vii) The reaction stop solution was added at 50 uL/well, and absorbance was
measured at 492 nm using Titertek (registered trademark) Multiskan Plus MK IT (Flow
Laboratories).

[0060]



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 anal E;[e. [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)
T100. 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 UsihgRasGbmbination of Monoclonal Antibodies of the Present Invention 3 32

Either the 66221-ar051i_%0$32;r 6%5% 6-antibqd was ?qellife-ggage o tiée the other antibody was
combined as a secondary r%tl %ly oSt e redctivi yW|ﬁ1¥nsuSI|n, proinsulin, and an insulin analog
by ELISA. 1. Antibottigs and A atigespitygem Ueblk 2 and Bida@noclonal Antibodies 66221-antibody: 2.30
mg/mL 66226-antibody: 3.99 mg/m 2) Antigens: insulin, proinsulin, and an insulin analog

/mL
formulation (insulin W&#&?@&bﬁﬂl@%ﬁ%&ﬁ?&&s the ?ﬂ@%‘é’(rﬁ@tm%‘iﬁcﬂ%@ﬁéé%ﬁiple 2is
performed, eXGERRAJRSEN R SRENNES UseB Gy (NS BRI ANRIQR fopRAEHRACARDKD

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).

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

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

[0061]
[Table 2]
Primary antibody 66221-antibody
Secondary antibody Biotin-labeled 66226-antibody
Antigens .
insulin analog Insulin analog | lasulin analog | Insufin analog
Hum?n l:lfrTaE formulation/ formulation/ formulation/ formulation/
Antigen st PrOINSUN Insulin glargine | insulin aspart Insufin lispro Insulin detemir
concentration
Ong/ml 0.000 0.000 0.000 0.000 0.000 0.000
1ng/mil 0318 0.005 0.004 -0.011 -0.005 -0.017
Sng/ml 1.491 0,006 0.013 0.001 0.007 —0.013
10ng/mi 1.995 ~0.013 0.008 -0.008 0.000 -0.016
[0062]

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).

10063]




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, v&%en 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]
[Table 4] Primary antibody 66221-antibody Secondary antibody Biotin-labeled 66226-antibody
Antigens AntigenN concentration Human insulin Human proinsulin Insulin analog formulation/

[Table 3]
Primary antibody 66228-antibody
Seccndary antibody Biotin-tabeled 66221-antibody
Antigens
Human | Human | EERAEER0 | e | wiatery” | formiton”
Antigen insulin proinsulin Insulin glargine § Ensulin aspart Insulin lispro Insulin detemir
concentration
Ong/mil 0.000 0.000 0.C00 0.000 0.000 0.000
ing/ml —0.011 ~0.002 0.0M -0.004 —0.006 -0.017
Bng/mi —0.010 0.004 0.004 —-0.003 —0.002 -0.011
10nz/ml -0.010 0.014 0015 -0.001 0.006 —0.007

[0064]

4. Discussion

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 6622 1-antibody and 66226-antibody were used as the primary
and secondary antibodies, respectively. Ihsulin 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 invention using Biacore
(registered trademark) T100 (the second test example), the 66221-antibody reacted with

_____ insulin, proinsulin, and all insulin analog formulations, while the 66226-antibody
reacted with noﬁe of them.

Therefore, as the reaction mechanism of this 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



insulin gIUiiSine Ong/mL 0. 000 0. 000 0. 000 Ing/mL 0.316 0.005 0.031 5ng/mL 1.491 0.006 0.000

- 10ng/mL 1.995 -0.013 0.003 31

The test was performed using Biacore (registered trademark) T100 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

(1) 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) T100. 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



[0072] 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 coficentration-dependent increase in absorbance was
detected for insulin, proinsulin, or the insulin analog formulation (insulin glulisine). [0073] [Table 5]
Primary antibody 66226-antibody Secondary antibody Biotin-labeled 66221-antibody Antigens
AntigenN concentration Human insulin Human proinsulin

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,
- proinsulin, 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 sebonda;y 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]




Insulin analog formulation/ insulin glulisine Ong/mL 0. 000 0. 000 0. 000 1 n g/mL -0. 011 -0. 002 0.
. 022 5ng/mL -0. 010 0. 004 0. 001 IOng/mL -0.010 93014

[Table 4]
Primary antibody 66221-antibody
Secondary antibody Biotin-labeled 66226-antibody
Antigens | Human insulin Hurman Insulin analog
proinsulin formulation/
insulin
Antigen glulisine
concentration
Ong/mL 0. 000 0. 000 0. 000
Tng/mL 0. 316 0. 005 0. 031
5ng/mL 1. 491 0. 006 0. 000
10ng/mL 1. 995 ~0. 013 0.003
[0072]

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]



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 migiahlsd be used for visualizing a clinical condition of diabetes and is therefore very useful.
ACCESSION NUMBER [0076] (1) FERM BP-11233 (2) FERM BP-11234 [0077] [Reference to

Deposited Biolpgical- Materialj (T} Hybridoma 66221 oducm%the 66221-antibody i) Name and
address of depoﬁfﬁ?ﬁ‘%@ﬁi‘ﬁﬂéﬁ t which the biolog ROgYre deposited. International
Patent Organis jonat Thstitute of Advanced Industrial Smence and Technology
Tsulcuba Centlﬁleﬁ?fldir-naf”ﬁ'ﬁa , Tsukub&3 RliRalabelsd£¥s 44 mantibody
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.




i) 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 Bu%apest Treaty from the original deposit) Accession
number for the deposition assigned by the depository institution in i). 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 ii) Date of biological material deposit in the depository institution in i). April 8, 2009
(original depdstidatdPReNuEipAR, 2010 (date of transfer to the Budapest Treaty from the original 36
iii) Accessiﬂwéﬁber for the deposition assigned by the depository institution PERM BP-11234 37
CLAIMS 1.An‘thsulin assay using an antibody that reacts with insulin bound to an

(1) FERM BP-11233

(2) FERM BP-11234
[0077]

[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

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
deposit)

1ii) Accession number for the deposition assigned by the depository institution

" ini).

FERM BP-11233

(2) Hybridoma 66226 producing the 66226-antibody

1) Name and address of depository institution at which the biological materialsl
.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

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

- deposit)



anti-insulin antibody but does not react with insulin not bound to an anti-insulin antibody, wherein said

~assay uses two types of antibodies, and 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. 2.The insulin assay of claim 1, wherein both the first and second
antibodies are monoclonal antibodies. 3.The insulin assay of claim 1, wherein the first antibody is a
polyclonal antibody and the second antibody is a monoclonal antibody. 4.The insulin assay of claim 1,
wherein the first monoclonal antibody consists of two or more monoclonal antibodies having different
recognition sites. 5.iiheNerasiivassaybet fmtlondepe sidomessignal Whibredspasiseist vabdteiche
monoclonalhqrfﬂbodies is an antibody not reactive with proinsulin and insulin analogs. 6.The insulin
assay of any ofie of claims 2 to 5, wherein the second monoclonal antibody is an antibody not reactive
with proinsulin and FERIM Bifald@347.The insulin assay of any one of claims 2, 4, 5, and 6, wherein the
first and second monoclonal antibodies are immobilized to latex and insulin is assayed by latex
immunoagglutination assay. 8.The insulin assay of any one of claims 2, 4, 5, and 6, 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. 9.The insulin assay of any one of claims 2, 4, 5,
and 6, 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. '



38 10.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, wherein said assay uses two types
of antibodies, and wherein 1) a first antibodygjas 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. 11.The insulin assay reagent of claim 10, wherein both the
first and second antibodies are monoclonal antibodies. 12.The insulin assay reagent of claim 10,
wherein the first antibody is a polyclonal antiboghy afjfijie second antibody is a monoclonal antibody.
13.The insulin assay reagent of claim 11, wherein the first monoclonal antibody consists of two or
more monoclonal antibodies having different recognition sites. 14.The insulin assay reagent of any one
of claims 11 to 13, Wihersidiatdeagtene ypentibtity thohosrignatigniibodiebigsahtantipody not reactive

with pfOins%ﬁﬁfiﬁﬂﬂﬁﬁhﬂﬁb@ﬁ?'@g@dé&E%&éﬂ%ﬁ%ifﬁ&ﬂ%ﬁﬁ%)é&ﬁﬁtpﬁﬁlﬁms 11 to 14,
wherein the segond mgnoclona antibodgsi% an antibotdé/nggt reactivaﬁlvgg\r %roinsulin and insulin

analogs. 16%%e0%l}ﬁnezrag§asﬁlregsgsg t'6 aﬁx)llootﬁge(%fo clalm.sof.lfle,s'.lﬁr,.1 , an ™15, wherein the first and
second monoclonallaHibBeibanaiosh sl eRad) aese it s s apdd by latex

immunoagglutination) assaycohd. ThebnBulinassayhreagantiianyome afelaimsold,bldndd, and 15,

wherein thewith insulin not bound to the first antibody.

2. The insulin assay of claim 1, wherein both the first and second antibodies are

monoclonal antibodies.

3. The insulin assay of claim 1, wherein the first antibody is a polyclonal antibody

and the second antibody is a monoclonal antibody.

4, The insulin assay of claim 1, wherein the first monoclonal antibody consists of

two or more monoclonal antibodies having different recognition sites.

5. The insulin assay of any one of claims 2 to 4, wherein at least one of the

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

6. The insulin assay of any one of claims 2 to 5, wherein the second monoclonal

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

7. The insulin assay of any one of claims 2, 4, 5, and 6, wherein the first and
second monoclonal antibodies are immobilized to latex and insulin is assayed by latex

immunoagglutination assay.

8. The insulin assay of any one of claims 2, 4, 5, and 6, 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.

9. The insulin assay of any one of claims 2, 4, 5, and 6, 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.



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. 18.The insulin assay reagent of any one of
claims 11, 13, 14, and 15, wherein the first monoclonal antibody is labeled with a labeling material, the
second monoclonal antibody is immobilized to a soljgd phase, and insulin is assayed by ELISA or
immunochromatography. 39 19.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,. Insulin Assay ABSTRACT The garéelsent invention pr(i)vide an

insulin-spedific assa}dAtFAR A8EXyFREEFORELSHIS B 2BHRANEI)AL A SIS HELIR AR UMY insulin
using an artdoodynhavingia propetyybot redotily méthimsolibovodrd 10 ariantuinsalititasibody while not
reacting witly hgylinatResne s ArbapheinstinaptRadya ywinerdspeing affected by proinsulin and
insulin analogs. 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.

11. The insulin assay reagent of claim 10, wherein both the first and second

antibodies are monoclonal antibodies.

12. The insulin assay reagent of claim 10, wherein the first antibody is a polyclonal

antibody and the second antibody is a monoclonal antibody.

13. The insulin assay reagent of claim 11, wherein the first monoclonal antibody

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

14. The insulin assay reagent of any one of claims 11 to 13, wherein at least one
type of the monoclonal antibodies is an antibody not reactive with proinsulin and insulin
analogs.

15. The insulin assay reagent of any one of claims 11 to 14, wherein the second

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

16. The insulin assay reagent of any one of claims 11, 13, 14, and 15, wherein the
first and second monoclonal antibodies are immobilized to latex and insulin is assayed

by latex immunoagglutination assay.

17. The insulin assay reagent of any one of claims 11, 13, 14, and 15, 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.

18. The insulin assay reagent of any one of claims 11, 13, 14, and 15, 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.



39

19. 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.



