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 D N GRODAD AR T
' [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 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 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 mohdfersidparneid diselstive avmkthmsliifquithtitatisgcnshfnomosiomdhactibody reactive

with insulin fi lonal antibody but not with insulin not bound to the ficst

monoclonal %%%é%%%rg%@?uﬂ%ﬁ%% lrréls{%uanr%?is,s e lillnv% Ators ‘ésig%%‘flv e I%R%H:O\I}glr%?ﬁg 6ir1reﬁss of this

insulin assayheahadve diffestablistweshitsingitustinddias reaetiveinsdiulsis Witrlkesnd to anti-insulin

antibodies (insulin-anti-insulin antibody complexes, hereinafter, sometimes referred to as
"insulin-antibody corﬁ%%%?l{hg%gﬁcmﬂféﬁﬁﬁ% H}%%Qﬁf ARASEERS HRRIAIRINER present invention
includes thegnitauinefaasssititan alemeiis RAGAEHirauliassapysing a7 aRlikadyhat reacts

~with insulin bound to an anti- insulin antibody but does not react with insulin not bound to an
anti-insulin SHEHBYe[EMIdseemdingdhy s rersHyL o e wrukinis inewlinmnraleis, such) a first
antibody reagis\Wiihinshie: BRfulationh 21 $ERABEAAYDAGYELAGIS LR IRSHImBAURGL the first
antibody but does not rea{éﬁ' with ]iln%llﬁin not bound to t%eggrst(%ﬁ%t‘)%géy. il% C%ndbe
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



[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 @ 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 anyestablish¢d|n§big [@]1ihodi¢s feadtpreinith énfidinaned s¢ coaginandticmsibagidgodies are

immobilized 1o latex and.insulin is assayed by a latex immunoagglutination assay. [9]The insulin assay
of any one o&fgﬁf’[ﬁa{%ﬁ?ﬁ Im?\tiﬁoeﬁrg‘??m@/?ﬁﬁ’ RO RSN e TRAFRDENIARd to a solid phase,
the second rriasaidloaniiBadipesi jdabelaeinadaneling maesiahaneinminisassayarcy ELISA.

[10]The insulin assay of any one of [:é, [5],.[6], and [7], wherein the first monoclonal antibody is
labeled with BTSHRIAYCHERR i Hes dBe dpldomBroaspiapent elements:

[0007]
1] An insulin assay using an antibody that reacts with insulin bound to an anti-
insulin antibody but does not react with insulin not bound to an anti-insulin antibody.
2 The insulin assay of [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



antibody is immobilized to a solid phase, and insulin is assayed by ELISA or immunochromatography.
. [11]An insulin assay reagent comprising an antibody capable of reacting with insulin bound to an
anti-insulin antibody while not reacting with insulin not bound to an anti-insulin antibody. [12]The
insulin assay reagent of [11], comprising two types of antibody, wherein 1) the first antibody has
the property of reacting with insulin, and 2) the second antibody has the property of reacting with
insulin bound to the first antibody but does not react with insulin not bound to the first antibody.
[13]The insulin assay reagent of [12], wherein both the fast and second antibodies are monoclonal
antibodies. ity issotimetsidiagd tag eolid pERE, adbisinlindsfustaadiboBLES A polyclonal antibody
and the second antihod i% a mqgnoclonal antibody. [15]The insulin assay reagent of [13], wherein the
first monoclonal ant 0(31}34/l CS%Isa}éi]g 'of two or more monoclonal antibodies having recognition sites

different frofl Each ethensile]dheyinssiihassaypiengent ahimvaoreabld 3t teddblg Wherein at least one

of the monoglonal antibodies is an antibody that is not reactive with proinsulin or insulin analogs.
[17]The insdﬁﬁ‘%éls%%}lf@af@é& YR YHeeatipesitevbils nalHERsTiPtE S SISk SeMshic#tibody is an
antibody thafds-neligpstivsowith proinsulin or insulin analogs. [18]The insulin assay reagent of any
one of -[13],£15], [16], and [17], wherein the first and second monoclonal antibodies are immobilized in
latex and instdih is absainsalbydssexriagnonobigdLitheaionisingstyo types of antibody, wherein

1) the first antibody has the property of reacting with insulin, and
2) the second antibody has the property of reacting with insulin bound to the
first antibody but does not react with insulin not bound to the first antibody.
[13] The insulin assay reagent of [12], wherein both the first and second antibodies
are monoclonal antibodies.
[14]  The insulin assay reagent of [12], wherein the first antibody is a polyclonal
antibody and the second antibody is a monoclonal antibody.
[15] The insulin assay reagent of [13], wherein the first monoclonal antibody
consists of two 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



[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 secongl 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 antibody having the following properties: 1) not reacting
with insulin that is not bound to an anti-insulin antibody, and 2) reacting with insulin that is bound to an
- anti-insulin s4Redy. ipZ2z)mebiliznddolenalidiitsdyeod [Reh]fuithasdyadiby Rldfwoperty of not reacting
with proinsumu{&%ﬂp)&wgﬁgsh 23]A method of screening monoclonal antibodies comprising the
following steps: 1) sele m% n antibody reactive with insulin, and 2) selecting a monoclonal
antibody realtie with insndicl dhalt datitaidychte e o tiboeyisglsripeiestep 1) but is not reactive with
insulin that is not bound to the said antibody. EFFECT OF THE INVENTION [0008] With the
present invention, iniﬂﬂﬂtEgﬁfﬂ’égs‘éfﬁgif%?%ﬁ&@ﬁ@&?i@%ﬂ%ﬁy@ﬂlw&ﬁ&m Heikgdatfarted by

proinsulin and insulin)38aiaes. viiRGadMEH iR CrRtiaR fom Ahe heiRinelsisagyPe accurately monitored -
by the present invention, the present invention may also be used for providing a picture of the clinical

condition of Hiabeted Andarasignabrathedyof B | SutherBRIEE the SORIPT IO NORLEEWINGS

[0009] with proinsulin or insulin analogs.

~ [23] A method of screening monoclonal antibodies comprising the following steps:
1) selecting an antibody reactive with insulin, and
2) selecting a monoclonal antibody reactive with insulin that is bound to the
_ antibody selected in step 1) but is not reactive with insulin that is not bound to the said

antibody.

EFFECT OF THE INVENTION
[0008]

With the present invention, insulin can be sensitively and specifically assayed
without being affected by proinsulin and insulin analogs. Since insulin secretion from
the beta cells can be accurately monitored by the present invention, the present
invention may also be used for providing a picture of the clinical condition of diabetes

and would therefore be very useful.

-~ 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. 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" is
added to "T" of (c). Insulin detemir: (c) is not "T" and myristic acid (C14142802) 6 is added to "K" of
(b). Insulin glulisine: (b) is "E" instead of "K" and (e) is "K" instead of "N." [FIG. 2] Figure 2 is a diagram
of the resultisefdadtn (BihgfBcbrelie glsitred: thteiBrkinFeaDdDT X amiri) gsrelttivityadf a
66221-antibogdy,with insulin. [FIG. 3] Figure 3 is a diagram of the results of a test using Biacore
(registered trademark) Ti 00 for examining reactivity of a 66226-antibody with insulin. [FIG. 4-1] Figure
4-1 is a diagiaiG.of] thigueslis o adesh usitg Biaderefeeisterng Bademark)hioifor examining
reactivity of the 66221-antibody with proinsulin and various insulin analog formulations. (a), (b), and (c)
are the resuﬁgdf%lpfﬁﬁrf OheX A RS eagity iRsafia 9%??8@9@%@“@@: 4-2] Figure 4-2 is the

same as abgue: (d) B} A8 peRUR e SR AKEING AN IPHID BRIBUESpectivel. [FIG. 5-1]
ra

Figure 5-1 is a diagram of the results of a test using Biacore (registered trademark) T100 for
examining réaeanaorkhelsop seearninzaotinibr oihs (i 2manidody st itisstinalog formulations. (a),

(b), and (c) esyhisoLRrel iNy:1 in lispro, and insulin aspart.Jespectively, [FIG. 5-2] Figure
5-2is _the,,sa‘la'rfnﬁedas al)o e.(d 22%%%%%%%%5 ggftgsr ?r%u%ﬁr% g‘jT%? 'r%agﬁlé?i{% hgrt]eaeéfemir,
respectivelytrEaEB1a8, FIg (fefér isardiagrancaeprisgeftihg d6221e sitsodyan flgDvtaiibfaiexamining

reactivity wit‘p inosuuslln13 roinsl%lin,gand various Ksp&lﬁ analfé formulations by using the 66221-antibody
and 66226-3AHE00Y 5 ThET IR AR ARG Sk (a kD a AR SHEES RS Feriiteior Rt Brimary antibody
solid-phasegheutia Bkpi@, EnGindlimgispart, isaeiagepm of a result of an ELISA test for examining
reactivity with insuliéliéproinsulin‘ and various insulin analog formulations using the 66226-antibody and

66221-antibBu{ s the 1sursdhy anthe semsaurybananiead fexpecvelis orinméinakmsipantibody

solid-phasedripifi@etbif, Rlsbidyir S s 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 anald§¥ermdidiieurarisilia yiingiam of fRc:0]tFinladcstissindiBipeoredfayiestdd of an ELISA

test for exa v ith.insulin, proinsulin, and an.josulin.analog, formulation, insulin glulisine,
using the GESHZHZHlngl ant Gg%?/%fr‘% W%ﬁ%%%%’k ?h?éh Sr%r%%%é"%%g é‘a 6’%‘%8{%&@8&@@ respectively,
with the prirvaripentisoliy scidgfuasedatiors Nlatebi Had 16)] friguseidfts prdiagsan plalresult of an

ELISA test for exafrln%icgié?gieactivit with insuljn, proinsulin, and an insulin analog formulation, insulin
glulisine, usiig tré L3R5y SRFER Y2 - antibody as the primary and secondary antibodies,

respectivelyfrigih sipg pritry-antbedy.aplidspbased @nadiaiarMRDEIIERR GARR YINGLQUT THE
INVENTION [0010]
and insulin detemir, respectively.

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

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



Embodiments of the present invention will now be described by considering aspect [3] described

~ below as an example, which is representative of th(; present invention. Aspect [3] is specifically
described as follows: "an insulin assay using two types of monoclonal antibodies, wherein (1) the
first monoclonal antibody reacts with insulin, and (2) the second monoclonal antibody reacts with
insulin bound to the first monoclonal antibody and not with insulin not bound to the first monoclonal
antibody." [0011] The monoclonal antibodies of the present invention include the first and second
monoclonal antibodies, and these antibodies are used in combination for assaying insulin. The first
monoclonal Eitibollyimay Pesaridpeneeionalsantirody IS N0 asté: isxeemelivg ritinguliathand it
cannot be only a whole antibody molecule but also a functional fragment that is reactive with insulin,

such as the PEHIBGHIASBl I @Sl BEyLin anatps fogaatinrs bR A diee AP REHH %y -
monoclonal ﬁﬂfﬂ&%ﬁ&é@@g@%@@c@%ﬂé@ﬁﬁ%ﬁ AL RBHRHPIPIMES, respedtiiB S€CONd

monoclonal antibody is not reactive with insulin not’bound to the first monoclonal antibody, and 2)
the second midhdetanithantioiheily rdistipbassthansupifatieound to the first monoclonal antibody. 8

If "the seco 0 nal amtibody. reacts with insulin bo i irst monoclonal antibody" as
described Al T R B R R R
antibody receghizeslinchanigelinhedsirgisubrodiakidifogankridedimy binglindsicethaitipstheonoclonal
antibody an%@}?éts with the insulin_having the changed structure. In this case, "a change in the
structure of arapody A 60 LnkirgRaRGh A AR pe A At FNEReiRRin an insulin
molecule itsplfheeaene flthendqnatianatisodpsuli-aRIRAYHCOPpIRIEX Or a structure comprising an
antibody and - insulin molecule cooperatively in insulin bound to the antibody. [0012] Since itis
desirable that the assay of the present invention not be affected by proinsulin and insulin analogs, at

least one mm@%ﬁg{%ﬁ%ﬁ%ﬁﬂ?@@@yﬁ%ﬁq}mﬁ roinsulin and insulin analogs. The insulin

analogs specific n analog formulations such as insulin lispro, insulin aspart, insulin
glargine, insl@ifH @ietemir, and insulin glulisine. One form of the second monoclonal antibody of the

present invention m%}/nlg £n al{%tlb u% that does nog[cross- eact g\nth anr\i/bgatglese cgdggounds, and if

e
such an antibody is uSed e insulti gléessgﬁ nstnn ¢an e g&ec?f%%ﬁ(fy Peasured sven i the

presence of deeoi3induso6Bda Bekaings an lEaneplé, thainoRasineamnikosfeBdaesanot react with
proinsulin and insulin analogs, the other monoclonal antibody may be reactive or nonreactive with

these analod&YepBaE]AsPesk iAbifRIrEicalbrassrsined as il qyih ~ AcHLm 23 HSIRG TS ulin,

"binding to” {psedins althoEXHRItRE @SS KeRGHYIY with/cross-react with” insulin are used
synonymously in this description, they must be construed in the broadest sense without being limited
to these exemplificafioribe st theresioaatizeéhothe mastwvivithansalrigand (compound) such as insulin

can be determined ﬁ?st?ll(—’:% %@@%%@1 'e%%gxlaﬁi%ba &B@Eg%@f@ﬁn%gﬁ;@dﬂgﬁrﬁLlSA described

later and can also be identitied by a m 1zing the principle ot surface plasmon resonance (SPR
method). ThnSeE ongthotibody bedperforitheistwdingotdwiced, teehsdinst arnchoebgehtsitbodmercially
available unﬁﬁltﬁe name of Biacore (registered trademark). [0014]
The monoclonal antibodies of the present invention include the first and second
.. monoclonal antibodies, and these antibodies are used in combination for assaying
iﬁsuiin. 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.



Stating that an antibody of the present invention "does not react with" a compound suggests that the
_ antibody of the present invention does not substangally react with the compound, while stating "not
substantially reacting” suggests that enhanced reactivity of the antibody of the present invention is not
recognized when Biacore (registered trademark) T100 is used for immobilizing and assaying the
antibody of the present invention based, for example, on the SPR method. In particular, it means that
the reactivity between an antibody and a compound is not significantly different from the reactivity in
the control experiment (with no compound added). Needless to say, it can be confirmed that an
antibody is "not subsfétiialycresictingoulitheh aoitpburddy with elbednbelkhataddtitose skilled in the

art, in addition to the PR.@eéh,Qd. 5)015 An antjbady, of the present invention may recognize the
entire insulifHROTSISHE BPUDEGHIAH S8S5H MerRaY o eicsirable thaha EfEHAPA D S5 1BBY9% -antibody)

produced bysadyyhtistosaeotfeRMdI3RnkL 238bspnsassiiically ha.fites asthendinst Bronaaianal
antibody" and another monoclonal antibody (66226-antibody) produced by a hybridoma (FERM

BP-11234) d&ipatetby hindine ebsHrshascrannanitedy andosagts with Hee apgidindhexing the
present invepliQh AR PeLARIK PROFHERLDY-Ji éﬂé‘é‘_ﬂl‘ﬁﬁ%@%@&%”ﬁ%&?ﬁf(@%?%ﬁ%e{‘) in solvent,

such as phosphate-buffered saline (PBS), and administering this solution to immunize an animal. The
immunizatiophangy bethe somnte gsingated éndajsiodeaftyimddingudin appeoplidtecitjuvant ofthe

couien o= G P BE AV el sl st s e koo,

Water-in_fgil_-_j_n-wgfg} emulsion, of-im-water emuatale
protein or peptidia sullstahceodpeived dlpin Megenisoeampanenigitodyexample, Freund's incomplete or
complete art]j-twjﬁ can be used in a preferred manner. Although not particularly limited, it is desired

that the ad tion 10 route, administered dose, and administration time of the adjuvant are

appropriately selectgghseghiihakaAfstied IRMUAS SePROPRRSARTNERRRANGSH innangpal to be

immunized by the antigen. [0018] Although the choice of the animal used for the imrhunization is
“not particulaPfpsiitetandisnsrtire palpss.rableastaneinenosionsd antbedy iatdsbells netbbit, goat, and
sheep, althougAmges,5 0Kk BRA'RILeH Thaanakmavie mmunizedio. agoardange with a
common technique, e.g., the iImmunization can be“achieved by subcuta SoUsh : thiracu aneously,
intravenouslinsobinuregpegiforealbimje sticly dhmsulimbbprishiasstiutigmof asdintigargipseferably a
mixture with.the.ad ce}/ant. Slncflenagrhl,rgnrrgl_'me response is generally different depending on the type and

strain of an érrl%lrl]la S TR Ed B ¥ S rable that an immunization schedule is appropriately set

depending on the arimaldebefibedetdieferabbslthnianinoaperipisialanis tansatedsgyeral times
after the initial immunization. [0019] A method of producing a monoclonal antibody itself can be

perfoimed PRSI Ao s Basdsarbuaih Reshihpe comratpduiaad i seghoratory Manual
(Cold Spring,H&eF saResatoiRIeaRnd288)ind i fllPKdngQpRrall %Qgﬁé&@]\?&gm%y performed

to acquire a monoclonal antibody, but these operations are not limitations. [0020
presence of the compounds in a sample. If one of the monoclonal antibodies does not

react with proinsulin and insulin analogs, the other monoclonal antibody may be
reactive or nonreactive with these analogs.
[0013]

| Although the expressions “reacts with” insulin, “recognizing” insulin, “binding
‘to” insulin, and “exhibiting cross-reactivity with/cross-react with” insulin are used
synonymously in this description, they must be construed in the broadest sense without
being limited to these exemplifications. Whether an antibody “reacts with” an antigen
(compound) such as insulin can be determined by solid-phase antigen ELISA,
competitive ELISA, and sandwich ELISA described later and can also be identified by a
method utilizing the principle of surface plasmon resonance (SPR method). The SPR
method can be performed using devices, sensors, and reagents commercially available

under the name of Biacore (registered trademark).



After the final-immunization, the hybridoma can be produced by extracting spleen or lymph node cells,
. Which are antibody-producing cells, from an immunéﬁed 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 if®@kEordance with a known method, and the 11 desired hybridoma can be selected while

identifying the propeyty of the produced antipody. The hybridoma can be cloned by a known method
such as a limiting dilg%é‘r?% ﬁfb@f&]iﬁfgﬂ? &%Tdﬁ?‘if]m mvé‘t‘—i‘?@&idir??ﬁfl%%rf%rmﬁ%lné producing the

first monoclepatpntifoss validegarsiigody ofkhe ubsidamasam eificiantvpesaiaaipd at the

selection stage, considering the condition under which the produced antibody is actually used in the
assay. For &5arh sttt soBiasRth vhioeaiselired pipsertialhyraaaiipeiostegcsathstoduces an
antibody reagliye, wiin dastlinRIAUERFbI OF BU IR | Qlid; ntigen ELISA,
reacting a monoclonal antib%%y in the cult%?e supe natantg\g/{v?t%ﬁs{gﬂé?éﬁgs%%)#ﬂs%%\qgﬁ%ﬁsubsequently
reacting labélg emst{tkgbtaraiboaiesiarkh Bl ip asd donsntimtidinsechidrsedgtintha anytiridgma that

produces a oclonal antibody that i highly reactive with_jnsulin, monoclonal antibody having
a desired p_rré}[;)é%%}) can empv%laqutr:lec?%%/at%gr%%a%%p ﬁ1tﬂ}]a\%§néggﬁ%eﬂwi ?@?Q&g&qﬁ%s manner.
A method ofthaadseeulitvptinrbiswedpattisiliesty iniedcant caninchiddeionitoaatyetitrdeat producing
the monoclg%gl antibody in cujture media by cul_tivatirll(g the hybridoma in e&p?gro riate culture media
and a methd® FHERAGHRY I E ARG GO heXpeRmACRIpRY eRPRE e &fr‘?ﬁ‘lﬁ?ﬁ%to the

abdominal cgyityQha Ramahiol palisaiandihe menasionalanibolycanhe,pyrified by

appropriately combining anion exchange chromatography, affinity chromatography, the ammonium
sulfate fractiefaReRhENBE e Prd! kaevoriatibasmeltibul iarbiche.éthadiblifrattidmaBBR method.
[0022] Hybsjdgma producing the second monoclonal antibody can be selected by appropriately
combining the following methods: a selection method using insulin bound to the first monoclonal
antibody in pRUS bf the solid-phased insulin used in case of selection of the hybridoma producing the
first monoclonal antibod ethod in which.insulip is bound to the first solid-phased mongclonal
antibody to observe t e%'éraqara)fc?f%Frﬁﬁ%gﬂtﬁhwglgma’@%gﬂl?ee&%8%@%5@%&?%0@), a
selection meihagdnidaybichniie:-gandidate of the second monoclonal antibody is solid-phased to
observe the reactivity with an insulin-antibody complex formed by incubating the first monoclonal
antibody and4h&din in advance, or a method in which antibodies exhibiting no reactivity with insulin

are selected using Blagar gl SR BRIBER KA AR IARRIIGHIPDLIA0RRl,, (rERRANtDOdes

related to the present invention can be whole antibody molecules as well as functional fragments

having antigBR-Ahibabsaresrsdicalivie ciRdeas thibtiiiesncambltabsatihodyiteddianotigly immunization
of animals, ina hpigue, or chimeric antihodies. T iqnal ments of
antibodies i?léc{ L?lé%%gﬁg{)%%%g??éyl—?@g&ﬁ%nt%&ég }LP%%E%FI% h%&mg?ﬁléi ThR @(:Egrtoq%gggl é@ﬁgrocessing

the antibodiesraboeuited! aslteSetbad mbovel with mmpboBolytic enzyme (e.g., pepsin or papain). [0024]

One or both@htl first and second monoclonal antibodies of the present invention may be
immobilized insoluble carrier or labeled with a well-known and commonly used labeling material,

which we will descrit{@ﬁé@dﬁﬁb&ﬂﬁ%@f@&ﬁ@&%&@dﬁﬁ%ﬁﬁdﬁ%&%@'%ﬂfs&&é&t%@%%)cﬁ@ﬁ@ﬂ{ s"and

labeled antibodies, respectively. Such immobilized or labeled antibodies are inCluded in the scope of

the present IAVeHH3H 2 GRERER{HRMERCESHIdBiTBE Binfritys chotrbgtedeliffers hyabaa iGN insoluble
carrier to phXﬁéFé&%&%QfﬁlgE}ﬁ@@@ﬁﬁﬂﬁ%‘ﬂ%ﬁ%ﬂi@gﬁ%%ﬁ' zixggt?r%gg u@zsalt’iit%%e spacer may exist in
between them). The insoluble carrier can be made of a po]Iymér ase matenal such as a polystyrene

resin, an inapgdnitbdssinmertasiscmastgladdj mnabapplypdathatjdeanageteatelialbsush as cellulose
and agarose e is not pa and can be selected arbitrarily. For example, the

and t ha ticularly limite
insoluble cafﬁ%?nr‘ﬁé?y & %%{Hgagﬁgbaé’ %F 4 B’Iﬁ@)@ .grarﬂb%ﬁ&téuﬁ GHVEHTHRAYY, BRYS O Darticles
(e.g., latex pastialgs-andcotaidalgeld RRUICIRE v AL ASHIRGSH, (88s0tas! dvBRIminum
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



[0025] 13 the present invention. Labeling materials for antibodies include enzymes, fluorescent

_ materials, chemiluminescent materials, biotin, avidira, radio isotopes, colloidal gold particles, and
colored latex. Labeling materials can be bound to the antibodies by conventional methods, such as

glutaraldehyde, maleimide, pyridyl disulfide, or periodic acid method. However, the types of

immobilized or labeled antibody and the producing methods are not limited to those described above.

For example, when an- enzyme such as peroxidase or alkaline phosphatase is used as a labeling

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

ophenylenediamingtRRE06d ds3sDanatalramaiibanaicing fos [ﬁ%&ﬁ%&%ﬁﬁ&?ﬁ?&? (HRP), and
p-nitrophenyl phosphate for ALP. When biotin is used as the labeling material, at least avidin or
enzyme-modffieticavitieh thaisrAvaifpdisamimeresnamss san Do g@)anced inthisagisselitstion, an “insoluble
carrier” may;Re f&pLes %gﬁ@é‘ﬁplid phase," and physically or chemically supporting an antigen or
antibody with an insoluble carrier or the supporting state may be represented as "immobilizing,"

"immobilized?0¥lid phase," "sensitization," or "adsorption." The term "detection" or "measurement”

must be construed in the broadest sense, including the existence proof and/or quantitation of insulin.
[0027] "Sampleg‘,iﬁ\}v%ll%%%‘ r%gjlhc?hog gf?aﬁ@flg %See%%é & %%té%@lﬁé’i%tgpﬁ‘fg%bﬁ dies of the
present invelitidiedchnisrprifdiably Bosshiluidasietxeddomoads/ing, padinéoramiis goat] hegbody fluids

can specifically include, but are not limited to, bloodﬁ(whole blood), serum, plasma, urine, saliva,

phlegm, paritsRs AMPHER PRIss HumereRirtass dad G rplnaeoavibe fDURBRIFAG #brm of an assay
reagent (Kit)ReayirReeRyithG BhRRABL RUGRNAR 1§ RoRarichiatl limiied 33 IpRGassgs reagent is

capable of assaying insulin. Representative labelifmunoassays, i.e., ELISA and
immunochroiRisigrepbslyaitiraciipresesiiativeayanicis agylinirrpsoitomatiomiomssieag, the ., latex
immunoagglEH,H i S ITA), will hereafter be considered ex les and described. [0029]
Label-linked Imgﬁgﬁﬂﬁs%ay:ﬁqg an aqqfﬁée?opr%etc?fr?ﬁg’ a&lsrsné}fl?%%\ﬁ%n %ﬁt (ﬁl)lrv eﬁ-:-%:d}ilr?a Msulin present
in a sample waminelumipdhee sl mningllgldifienist dependihg aotitephpsenduehias buplatehwith the first

monoclonal antibody immobijlized, and (k) the second monoclgnal antibody labeled with a
labeling mat@?ilﬂ%%éﬁg’] It lslér?élg%ﬁﬁ AR BH KSR SERS it AP TR 8fnal antibody
immobilizedapidiag RSt RiaiedorrRR NS U aBatyeamBiexchne spegrd monoclonal
antibody labeled with the labeling material reacts with the insulin-antibody complex to form a

sandwich, afft¥ e HregnRfisHe daig Enanmeatiesayed by measuring an amount of the labeling

material by od suitable for the labeling material. With regard to specific methods for configuring
the assay reagent (kit), such as a method for immobilizing the first monoclonal antibody to the solid
phase and a 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



method for labeling the second monoclonal antibody with the labeling material, well-known techniques
_ can be used without limitation, in addition to those 1d1escribed here. Although this configuration can be
formed as a homogeneous assay system, it is preferred that the configuration is formed as a
heterogeneous assay system. [0031] Aspect [19] can be recommended as a particularly preferred
form (the insulin assay reagent of any one of aspects [13], [15], [16], and [17], wherein the first
monoclonal antibody is immobilized to a solid phase, the second monoclonal antibody is labeled with a
labeling material, and insulin is assayed by ELISA). [0032] Considering the sensitivity and
specificity ofdherebhaprieagariadie cclobigdratide feveisaddibaipabovethapaaredloyed as
follows: (a) the first monoclonal antibody labeled with a labeling material, and . (b) a solid

phase (such®@EbefaEsbritoss SR meRBe P ARGBBHFhAThBIRb &g & Eniting (IRLER of this

configuration, thext BRdg is preferably mixed with a solution containing the first monoclonal
antibody labeled with a labeling material to form the insulin-antibody complex in the solution in
advance, antP#4é insulin-antibody complex is added to the solid phase with the second monoclonal

antibody immobilized. i {3 epfiokafian. il e ATl arhansina e seRsiiyuipg.or more
monoclonal antibodies having differént recognition sit€'s can be used in a pre}err d manner as the first
monoclonal dexiboibdyt.labeled with a labeling material, i.e., aspect [15] (the insulin assay reagent of

aspect [13], wherein, the first. monoclonal antib Qgco sists of two or more monoclonal antibodies
having different reco Eit@’rﬁ%ﬁéﬁ}?ﬁ?ﬁé ICIGmﬁ/s %E?%‘i%éﬂfes Z%%Wﬁ%%&%l D&icularly
preferred forime(Sogdifinnass WyhicRgenpRanyiongips snaried il id®lnl4f] agng [kd], wherein the
first monoclonal antibody is labeled with a Iabelin%material, the second monoclonal antibody is

immobilized $5%84id idgierinans Aeaesed ey pRlectinsmhboidemadbal-rrdsarimunoassay:
ImmunochromaingtpRBive widPifahin MHANH I TRAACH ARRY 15 Fariaed i dhatin order of

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

membrane, altest gdigpictddRitiorsacininacusipeimed sibdrslyse ticapilaeispicapititypenomenon)
through: "1. a sample lgading_ site," "2. a labeled reagent site that.holds, in,a spreadable.marmer on
solt ]?agg q3u0E dsu%:tse uenetlﬁ éeﬁrcs%?lrﬁqage %} a%io | c%l yﬂzﬂ’n%% w‘%ﬁ‘ Jstid]

the membrane; a Seeélﬂrseagen containing onoclon irst monoclonal
antibody is |pheted iwiidia, labelbdofonatbsiahgte hyisidotieidbhgmstipastial@snodotkl Andieaigture reagent
site with the second monoclopal antibody immobilized for capturing the complex of the first
monoclonal gﬁﬁﬂ%&ﬁﬁ%é@ﬁ%ﬁﬁvf 15986 g material and insulin.” In particular, when a’

predetermined amoukfr a5 SRS GPRAIINIE dRsibn fﬁ@fé@g&&ﬁ tepeaaeia inpdioesite, the
|

sample infiltrates the labeled reagent site in the course of sprea and moving on the solid-phase

support, an&ﬁéﬂﬁ%%ﬁﬁh@é&bﬁﬁ@tﬂw@iéa@éé@@ﬁﬁ (BERbaTnif: q#ﬁfrﬁ@ﬁ%)é}éﬁﬁﬁé@mifody) to form
a labeled reqgentinsin CHmpSK 4R T HitrIAbSISY, AN LOFRRL P b gskigagent-insulin

" antibody in culture media by cultivating the hybridoma in appropriate culture media and
a method of producing the antibody in abdominal dropsy by injecting the hybridoma
into the abdominal cavity of a mammal for proliferation. The monoclonal antibody can

—be purified by appropriately combining anion exchange chromatography, affinity
rchromato graphy, the ammonium sulfate fractionation method, the PEG fractionation
method, and the ethanol fractionation method.

~[0022]

Hybridoma producing the second monoclonal antibody can be selected by
appropriately combining the following methods: a selection method using insulin bound
to the first monoclonal antibody in place of the solid-phased insulin used in case of
selection of the hybridoma producing the first monoclonal antibody (a method in which
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



16 complex continues spreading and moving on the membrane, and when infiltrating into the capture
. reagent site on the membrane, which contains the 1s2econd monoclonal antibody, the complex is
captured by the capture reagent immobilized on the solid-phase support to form a capture reagent
(second monoclonal antibody)-insulin-labeled reagent (first monoclonal antibody) complex at the site.
The presence of the analyte can be determined by detecting the labeled reagent by a method of your
choice, e.g., detecting the appearance of agglutination (agglutination image/picture) in the case of
visible colloidal gold particles and detecting the chromogenic reaction due to addition of a substrate in
case of enzyvheh the duitldidadh dfidre savesbparatel dedenipiiods fossEdthrasahiplebleadinbesite” and "2.

a labeled reagent site that holds,.in a spreadable mapner Qqn the membrape, a labeled reagent
containing thé .ﬁé’%&“@%ﬁﬁ?%ﬁ?ﬁ&&g? e%?@?%#ﬂ%ﬁ%ydﬁﬁ%mﬁ%ﬁé@%ﬁqﬁfﬁling
material suckhabgllaidahgalid pastices):, v argeieidhe winvemenbdirgctiamaiipadest sample to
facilitate understanding, those skilled in the art can obviously understand that well-known

forms/configGPSHEHE Wil Bevbimpreyetscidcrring Biuspieddcsisiert &ndsmedidet @ for and "2" from the

top. [0035] ;genlimmynochromatography, 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 membral#¥23]labeled reagent containing the first monoclonal antibody (the first monoclonal

antibody is labeled with a labelin terial such as caolloidal gold particles),” and therefore, with a view
“to enhance the sengtill\?i y,k:f‘ajs0 (lirllet%em(%%{a% HSA %v%vgrn ﬁ%gﬁﬁﬁﬁfgﬁ% 3%1 ﬂ:ﬁ%’dies having
different recagiitolesitesehafimstehib Rapretatsddivignae gs thetdfbsdyrenatianatiahtibody labeled
with the Iabeﬂgg material, i.e. as;ggct [15] (the jnsulin assay reagent of aspect [13], wherein the first
monoclonal SAtBOWCETTRR BsrResesicEred RBeTMEERARbER OV R iR AR cognition sites).

[0036]  AepasbirfsprdsiaromnesrasstanasiaarsLpreicrRd fomutihadnspiindsany reagent of

any one of aspects dﬁ\Ll?]’ wherein the first 17 monoclonal antibody is labeled with a

13], [15], [16], an
labeling matéfiidetdaz o FhoueibssniipetgnalifrassmEatid e Boraddseprasesiaalin is
assayed by {myHo V. iq gl - LTI :
embodiments, A t0 gﬁ%% E@gg@%ggg@%ﬁ%ﬁﬁé %‘e@é@%ﬁé mséﬁ? %?]eég’é}lﬁ%é’sp;%%ﬁgfnay comprise

the followingrapain)A. (a) latex particles with the first monoclonal antibody immobilized and (b) latex
particles Wit@%fecond monoclonal antibody immobilized; B. (a) latex particles with the first
monoclonal ‘antibody immobilized and (b) the second monoclonal antibody; C. (a) the first

monoclonal antibodyasd{bpintesihariclemivitedne saeoptbingastiaviaaatidedydsamobilized; and
D e o Ty b Mobilired o a5 InSOTUBI2 CATTier or 1abelod with & well-kgvit And.
commonly used labeling material, which we will describe later. We may refer to them
as “immobilized (solid phase) antibodies” and labeled antibodies, respectively. Such
immobilized or labeled antibodies are included in the scope of the present invention.
For example, an immobilized antibody can be produced by causing an insoluble carrier
to physically adsorb or chemically bind to a monoclonal antibody (a suitable spacer may
exist in between them). The insoluble carrier can be made of a polymer base material
. such as a polystyrene resin, an inorganic base material such as glass, and a
polysaccharide base material such as cellulose and agarose, and the shape is not
' particularly limited and can be selected arbitrarily. For example, the insoluble carrier
may be in the shape of a plate (e.g., microplate and membrane), beads, particles {(e.g.,
latex particles and colloidal gold particles), or a cylinder (e.g., test tube).
[0025]

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

such as a Jabeled protein A or G, which can bind to the second monoclonal antibody of



Thése 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 parti%e diameter and type in order to acquire the
desired capability, such as enhanced sensitivity. The latex particles may be those suitable for carrying
an antigen or antibody. For example, the latex particles may be of polystyrene, styrene-sulfonic acid
(sulfonate) copolymer, styrene-methacrylic acid copolymer, acrylonitrile-butadiene-styrene copolymer,
- vinyl chloride-acrylic ester copolymer, or vinyl acetate-acrylic acid ester copolymer. Although the
shape of the latex particles is not particularly limited, it is preferable that an average particle diameter

is defined stioh phatthénpendutclabeinegaeshd afoesutinidie agilodsabpndgaatinasbatween the
antibody (or antigen) an the latex particle surface and the analyte, has a size sufficient to be visibly or

optically def@R{EH PhENSR Y B SHeRAs e B SrariRy 1035 0P e pintiidabarit ularly 0.03 to
0.5 pm. Parjiglgs maskiiometalinsotoitkiaelatindineseme.dBisiasap il analisaeaiynina, carbon

black, 18 metallic compound, metal, ceramics, or magnetic material can be used instead of the latex
particles. [0080yentionms mesthpsislsutheasaigjeraldelyda medeimmidaimpatebdinibidons psticdiglly
provided in f the fi ent. i ' uentially mi with the
et sample LB e B D B B e et o
second reagesthedfutiemoT hienitethotim e destuitiod) 4y and ¢bpramplecvapprapratstynsetetied

depending on the particulars.of the measuring device for the clinical examinpation and.the design of the
assay reag eaﬁtp(%ﬁ?gﬁc{gieccgp%%%eﬁ% S[Pi’ﬁﬁﬁ%/f ﬁﬁ‘?&fﬁﬁ%?@fg%ﬂﬁrﬁﬁﬁg&ﬁnﬁ@@fof the form A
are includechdiithe segonesRagants(ay aspediotitetarnfitasnalgadbe ncuded in the first and

- second reagents, respectively, in a preferred manner. [0040] ~ Aspect [18] can be recommended as

a particularysiarEnedisBrme (hERNiH Hssay rbamsihybsnsiding for hopwaad isfaperexidase)], and [17],
wheren e 186 ATGEANLEepico o SARTINNGE B e s s assayed

by latex immunoagglutination ass 41] Although the embodiments of the present invention
have been degetilsbdiblpadasidarineaspectiBldifisit kit iepeavaiintivedtrmhofthetipresent
invention, aio%a xample, those skilled in the art can obviously understand that the present invention
can be implemented in various forms, e.g., using a polyclonal antibody for the first antibody, as in
aspect [4], and two & thisrdemeeiptiolaral ‘dntitiotle shaldnndifféreripresagadtiansitesidor the first
antibody, as in aspect [5], onétﬁ; condition that an antibody for the "insulin-antibody complex” is used.
[0042] RiASagAREBrEE \fgﬁﬁaﬁ NI RIS AS AT A5 FRERP Y HE¥8Rence to examples,

the present jnyaIRHRCIERG! SMHESLisHERERE RARIMRIODe 2HIOMRId R st pethEample] Method of
Producing Monoclonal Antibody of the Present Invention 1. Preparation of Immunizing Antigen
After human 1FERRRilZRIgerspld st e Seatitizationd oatiedssmtinas Airderm {dglastéom stete

Freundts adifait WAk AHiE GDETHEh I ISk CORHAUSIF BRESHURIR LRSI Producing

emulsion to be used as the iImmunizing antigen
~ - 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.



2. Production of Hybridoma The immunizing antigen was subcutaneously injected into the dorsal

. regions of female BALB/c mice (20 to 50 pg per ma se) Immunization was repeated twice per week.
After three weeks from the start of immunization, spleen was extracted from a mouse having a high
antibody titer in the blood sample, and cell fusion was performed by a routine procedure using 50%
PEG 1450 (Sigma). SP2/0 myeloma cells were used. The acquired fused cells were suspended at 2.5
x 106/mL (as spleen cells) in RPMI 1640 media that contained HAT, 15% fetal bovine serum, and 10%
BM-Condimed HI Hybridoma Cloning Supplement (Roche Diagnostics K.K.) were dispensed in a
96-well cultuf@pfdte in 0.2-mL aliquots. The fused cells were cultivated at 37C in a 5% CO2 incubator.
[0045] 3. Screeningﬁf I%ﬁ?éfij%)éna Producing the First Monoclonal Antibody After seven days from
the cell fusion, the ¢ rHBRAMRAASRYEd 36 performing solid-phase antigen ELISA described

~ later as primary scregimgrie SelRChway s xRIbter RIGh-rRRCHNIKAQIBRHINAS REUPRIYROSItive
wells. The cells in the primary positive wells were serially passaged in a 24-well plate. After two days
of serial cultﬁ}égﬁ’élﬁ,th@?ef@*lﬂfﬁ’ﬁégﬁl@@ﬁﬁlﬁant was used to perform competitive ELISA described later as

- asecondary screen'@gatg(ﬁﬁi %&H% g)[g?g]ﬁm%%gg%ﬁ%}gﬂﬁs i['ﬁ)%ﬁ econdary positive

wells. 3-1. Rroduct_iqn of the Solid-Phase Antigen’ELISA P Insulin prepared at a
concentratioimofobidigashl andth 10 mM PBS (pH 7.2) containing 150 mM sodium chloride was

solid-phased as a s ing antigen on.a 96- well plate at 50 gl/well and was allowed to stand
~overnight at 4C. Aftzﬁl\/%g%h|ﬁ8ﬁ%§8ﬁ?ﬁ%@§ﬁﬁﬁﬁwﬁ)ﬁgﬁ%\%ﬁ §§IE§W%8H? ining 0.05% Tween
(registered tyagNark) 20 and 0.1% ProClin 300 (Supelco; PBST), PBST containing 1% BSA

(BSA-PBST) was diﬁgnsed at 100 gL/well and allowed to stand one hour at room temperature for
blocking to produce HHPEPYE RIS HheER Pz nith b fsisnenogirsal iméodith PBST and used for

ELISA testsidgserpeddnipr.rxamplasiiy ading 1sagents ﬁ‘s%liﬁQMigmﬁﬁg%{%f%nIﬁé'SA (i)

Mouse antiserum or culture supernatant of the fused cells diluted stepwisé with BSA-PBST was

dispensed o¥terBéliaophaksasrgdady|libale avétla ol gheling naaterédl svasts twisiahd ipselinour at room
temperature, . ji ing three;times with,PBST,.a solution of HRP-Gt F(al:02-AntiMouse
9 (Biosor bR LB T SO RS, A ey A SO T

allowed to stacrswomes roumatuniost ttenyledatgreaterial (i) Adiethod shitaty 8 feetieriasealviih PBST, OPD
(Tokyo Chemical.In Co., Ltd.) was dissolved at 2 mg/m|_in 0.2 M citrate buffer solution
containing oﬁ*baé%lﬂydﬁﬁsgéﬁgsé%%g%%bﬁfé?ﬁﬁ&@ﬁ@ﬁ@ﬂfég%w&&a@Wﬁ@gsa ) SUERA at 50
pt/well, and abewest th siane-bne MpuhaHepMdesaReAEbody tdiRcRuiheBand H N sulfuric acid
containing 1 mM EDTA (hereinafter, reaction stop quuiqlg was added at 50 pL/well, and absorbance

was measurdgtied Ralrdelngrbssacmd merasly ¢rgrathrbg trhabpganatomakisigdh Plus MK 11

(Flow Laborgiierigsiafkigds CABRENLY SvithdR timitadBro Al 4iARSAh BN oS hilzgerald
Industries International, 30-Al51) diluted with BSA-PBST at 0, 2.5, 5, and 10 gg/mL were dispensed

on a solid-pHddwazhifos EpiSamptine emdsedbrmetl. as a hdii@aberessuparapstam.af tse fused cells
e oS SRR L AR AR AL g opned 1 29 e
[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.



21 (iif) The subsequent operations were performed in the same manner as steps (ii) to (iv) of "3-2.
. Solid-Phase Antigen ELISA" described above. [OOA%?] 4. Screening of Hybridoma Producing the
second Monoclonal Antibody After seven days from the cell fusion, the culture supernatant was

-used for performing sandwich ELISA described later to select wells exhibiting a high reactivity to
insulin bound to the first F(ab’)2 monoclonal antibody collected in advance by cloning and monoclonal
antibody collection described later. 4-1. Sandwich ELISA (i) The first monoclonal antibody (in this
case, 66221-antibody) was treated to prepare F(ab')2 using the Immuno Pure (registered trademark)
F(abD2 PreparationIRitaqseiefdbissenficansie). the tefi sahplfiistpiGbdlymoretwithlamniinday prepared
at a concentrafi Mgé}g ' S solution was solid-pha n a 96-well plate at 50 RL/well and
was allowedti!%tl @%ﬁéverm&%@%ﬁ&&&ﬁ%ﬁ%&ﬁﬁg ?ier%g ﬁmae avﬁf’ﬁ%ﬁﬁ%ﬁ\%ﬁg BREF BSA-PBST

was dispendesidind@0ibedyetbandeal el solitiandontyhety, atdobaidampeiativaiiosdigeking in order
to produce an

1 agldé ,% ate, . %l? Ssodig jon of human insulin (Fitzgerald Industries International,

30-AI51) diliéd Wit BEASPE PR % %WE‘R% Tepiend aniREimspobiiradatt Bt well and

allowed to stend @netidaynah oML BRGTRHER the RAMIBHWARDRGIVES ek With PBST, the

culture supernagan,t of the fused cells diluted stepwise with BSA-PBST was dispensed at 50 RL/well
1

and allowed®H1BesHRF SAR M gt ebrrcanisiomaiies can baypekiaravasiimedthramnemedhwith PBST, a
solution of HRR{rARIHMOMSE NG 15GB eI, L i -131P) dil 000 times with
BSA-PBST was dispensed at 50p /Weﬁ and aIIow%%%?ét%%ﬁ%%lheé’uarsg??gt)?ng]ttrr?ﬁg?g{lnl?re (vi)
After washirfgsgireeagienbeiwiperts 53, GRDe{T dig 6:Shemioalomd ustihdyasodisselvethat et mg/mL in
the substrate. well, and allowed to_stand one hour at room

' [ ti dded at 50
temperature. %J?r?%wvﬁ%%!ﬁaéq%gﬁ%ﬁ%%n IS A8 86 /well, and absorbance was

measured afM32]rim using Titertek (registered trademark) Multiskan Plus MK Il (Flow Laboratories). 5.
Hybridomas selected by the screenings of 3. and 4.

Cloning and Monoclonal A t{ﬁody Collection ] NINgS
described above Wégr)‘ép&%tr% PR RSRAGRRRLH Atmastie kelums iy demndseasaliand 66226,
respectivelyas'g@qeuggﬁttbgdﬂp@g@l@p@@@&bﬁ@fﬁgﬂqygﬁgﬁéﬁ@i hyridamasgthe hybridomas were

intraperitoneally administered, in an amount corresponding to 0.5 X 106 cells, to a 12-week-old female
BALB/c motikePpilensd arsihednisiiheled with o lsbelingipaisrisicthwsenmekmenslitmalhe ascites were

collected af%ﬁﬁi%&iﬁ%slnﬁﬁgb’iﬁ%e%%ei@S‘E?]f‘é%#e%rg%?ﬁé&edi'é)% Sﬁﬁ%%?%ﬁgrﬁghe supernatants were

mixed with the same amount of adsorptio ion (3’ mo /L Glycine-NaOH
buffer solutiBi¥38H 8.5) and then filtrated. The filtrates were passed through a protein A sepharose

column equilibrated.with, adsorption buffer solytion to adsorb the antibodies in the filtrates using the
column, and the an |aé§§gu%veeﬁr%%?gaa\ﬁﬁﬁ¥'0if%ﬂf RS solution (pH 3.0). After

neutralizing the eluatepidth itnmoelbcRrisnaGasHierssolution ¢ SI0mdialvsiswasdasiqarmed with PBS
to coIIe_CI___thﬁ_anti odies. The antibodies, referred to as the 66221-antibody and 66226-antibody,

were subseHGBhHE gdag in theslangitudinal 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



[0047] Hybridomas producing the 66221-antibody and 66226-antibody were deposited at
International Patent Organism Depositary, NationaMnstitute 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 P21801, respectively. Subsequently, they
were transferred to the Budapest Treaty on February 17, 2010, based on the original deposition, under
the accession numbers FERIV1 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 23compRARShiASPEHRHNIAE MRINARRAEUR Hegisiarahiademark] T HILAer Lrogs-reactivity
of the 66221-antibody and the 66226-antibody with proinsulin and insulin analogs. For the insulin
analogs, instifrcapiaisg fagami siifors theaheabimselivligreontaimihesisaendrsahadt@adine, and insulin
detemir werg s R ts 1- anoclonal Antibodies (i 21-antibody: 2.30
mg/mL (ii)'G%%eé%g%%’ti 8§§& %%% %%%%%2@’2%5%& s Tl %%E}?ﬁ%%gr%]l{nggggrgﬁﬁéitzgerald
Industries Irpbasatiopedrt3o-AiHla @@ moinsaiont REcPrdinsuli] dhaieani bicy rimuhoakdaicdNIBSC

e S4SIL (T R e (e g A Sl O
sanofi-aventis Betérmined 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



(4)'insulin detemir, 100 units/mL: Novo Nordisk Pharma Ltd. 1-3. Biacore (registered trademark)

. devices and a dedicated reagent set (Biacore: curr1e;1tly, GE Healthcare; although (i) to (viii) described
below are products and catalog numbers of then Biacore, these are currently available from GE
Healthcare.) () Biacore (registered trademark) T100: Biacore, M-1037-02 (ii) Series S Sensor
Chip CM5: Biacore, BR-1005-30 (iii) Amine Coupling Kit: Biacore, BR-1000-50 (iv) Acetate 5 O:
Biacore, BR-1003-51 (v) a-Mouse Immunoglobulins: Biacore, BR-1005-14 (vi) Glycine 1.5: Biacore,
BR-1003-54 (vii) Glycine 2.0: Biacore, BR-1003-55 (viii) HBS-EP+ 10x (Running Buffer): Biacore,
BR-1006-690fprephned anigidd: s\latielsd @tthanidteilite anhCtinheh andthgndrifiedosiated on use) [0049] 2.

Test Method . The 66221 -antibody or 66226-gntibqdy. was captured by a-mouse
immunogIobﬁﬁwﬁsofirﬁﬁ&ﬁﬁ@?@ﬁ%@@ﬁ?ﬁff@wﬁ%ﬁﬂ L ilinn bqrﬁf’ﬁ@(ﬁ%’&nd various insulin analog

formulationsweitecldechas @aghytes to evaluate the reactivity therewith. The specific operational
procedure used is as follows. (i) a-Mouse immunoglobulins were immobilized on Sensor Chip
CMS5 (in acclitifce with the accompanying instruction manual).

Turbidimetric Immunoasasy: LTIA
Four embodiments, A to D, of an assay reagent (kit) for detecting insulin
present in a sample may comprise the following;:
N 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 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,



(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)1 Various antigens were diluted with HBS-EP+ (pH
8.5) to 10 ng/mL and added at two concentrations 8 0 and 10 ng/mL for 120 seconds each. A time for
free-running dissociation was set to 120 seconds in this case. (iv) Glycine 1.5 and Glycine 2.0
were mixed 1:1 to form regenerating solution, and regenerating treatment was performed for 180
seconds. [0050] 3. Results 3-1. Results of Reaction with Insulin For the 66221-antibody and
66226-antibody, the reactivity with insulin was checked using Biacore (registered trademark) T100.
The results aredBpicteciukdgmeZabnd@mitic G6A2Tnatitbadyrbhowebeased dlistiydod @i RU at an
insulin coneentration, of 10 ng/mL (Fig. 2). In contrast, no reactivity was detected for the

66226-antibSW S5 The vertical axis (RU) indicates a unit unique to the Biacore (registered
trademark) aggayjsystem and represents a mass change due to reaction on the sensor surface. [0051]
3-2. Results of Reaction with Proinsulin and Insulin Analog Formulations For the 66221-antibody
and 66226-antibodyt ki ExEaElRithRAZERSIRE LI A mvedibuelinisaliraminsg 9osrifmatais (insulin lispro,

insulin aspag, Josilin glaigng, BRI AP RINERMER GRS R R SdUREIRRT racemarg

T100. The result is depicted in Figs. 4-1, 4-2, 5-1, an . In‘'each case, at an antigen concentration
of 10 ng/mLmzsgovide thefts:bstondB: Rilusee @ndaiebtet] (ay dhé @B 22 2aakmtif doby/ fdrmeoatta®, no

reactivity was detected for the 66226-antibody. 25 [0052].[Ex le sgy of Insulin Using
Combinatior? %‘ﬁﬁéﬂ@c oenallnﬁ%tn1 |%125 i85 5 @ﬁ%%%%tﬁﬁ%ﬂoﬁ?&?%%%@%ﬁ@%@% ticles

A glass reaqiymepiiaipidpaprtityc Rl EdeiRReth Vi REHIFNG MRAT IR fefinraondanser, thermal
sensing device, nitrogen introduction tube, and jacket was filled with 1100 g of distilled water, 200 g of

styrene, O.Zfﬁrcﬁlﬁ&&?%}ﬁ?]sﬁf?é‘ﬁé‘%tﬂ%%éh%ﬁa%%h%@@ aHRNiGTReTE Sy epstrsbilitt pedoxodisulfate
dissolved i”&@lﬁl%ﬁ@ﬂiﬁﬁ%@ﬁ%f&%@ljg%%ﬁ@”ﬁé fdheCORAInEesWaAR [eRAGRFWIth nitrogen

gas, polymerization was performed for rs while ‘stirring at 70C. After the end of

polymerizatigfsomkreatatbrayerdilbbes theipra ferpalserbrpiesinded atthe furtieked seeransmission
electron miclr%%%%se @ﬁggﬁ%ﬁé&%g r%%&r egmdel "JEM-1010") was used for imaging the latex

particles at a ntagnifica imes and. aa‘lrllrélef{/'zing diameters of at least 100 acquired latex
particles to dé@éfrhine the average particle diameter. The obtained average particle diameter was 0.3
pm. [0053] 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



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 sollition (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-antib 4§Fnsitized 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-antivodyIsshEitized!dtdeadi oePsotutidnzivihe camd Aaitndyad dlednes§a0s54] 26 3.
Preparation ﬂ‘v%%a ents 3-1. Preparation of the First Reagent Five (5) millimolar Tris-HCI (pH
8.5) containing MM of sodium chloride and 0.2% BSA was used as the first reagent. 3-2.

Preparation of the Secergiergest it samevolipas of the 66221-antibody- and
66226-antibody-sensitized latex particle solutions were mixed and diluted with 5 niM Tris-HC1 (pH 8.5)

such that absorbancaftst srerepdisaliniiiesealddadsiverhyeratiend. R P parmiedecond
reagent. [0093] ¢ihe8Mplete FIEEHFSLANA SRARAIS RIS RIS COMBInRY, Eﬁgﬁi%%@cted

concentration-dependent formation of particle aggregate was identified using a Hitachi 7170
Automated Alvaigesrveiezseduiar prabipingfatliien todgarsed as thd dednmnidng atigeulin solutions at
concentratio L?J , 5, 25, 50, 100, and 200 pfl/mL and heated at 37C for 5 minutes. Subsequently, 50
gL of the second reagent was added, followed by stirring. After five minutes, changes in absorbance

- associated with aggluthatioaieimfitigbrideraaneasured at 570 nm and sub-wavelength of 800 mu

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.
f0045]

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



[0056] [Table 1] Insulin concentration # 11/m L Absorbance mAbs 011.4 523.6 2540.9
20

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.



5057.7 100 .82.9 2.00 117.1 [0057] 5. Assay Result Table 1 shows that sensitivity increases
. depending on the insulin concentration anql can bezﬁ]uantitated. [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 :
| (iii) The subsequent operations were performed in the same manner as steps (ii)
to (1v) of “3-2. Solid-Phase Antigen ELISA” described above.
[0046]
4. Screening of Hybridoma Producing the second Monoclonal Antibody
After seven days from the cell fusion, the culture supernatant was used for
_performing sandwich ELISA described later to select wells exhibiting a high reactivity
to insulin bound to the first F(ab"), monoclonal antibody collected in advance by
~ cloning and monoclonal antibody collection described later.
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.



66221-antibody: 2.30 mg/mL 28 66226-antibody: 3.99 mg/mL (2) Antigens Insulin, proinsulin, and
_insulin analog formulations (insulin lispro, insulin a gart, insulin glargine, and insulin detemir) used
were the same as the second test example. [0059]a . 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. (i) 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, proinssljriRNddpeehrep agedasmnuiatienssiadwil BaAREEhEe fad, 5 and 10
ng/mL was dispensed on the ELISA E_Iate at 50 pt/well and allowed to stand one hour at room
t

temperature2casuid 387 Wadking ehrieginierep Badereadel dMultiviea BlssAikdéiddass226-
antibody or @gggéfgﬁggpdy diluted to 1 pz/mL with BSA-PBST 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 Puréofregistet ddiotracle nsdirknStrelytdtlastiiR P-Conjugated (PIERCE, Prod#

21126) diluted SOOOﬁ%reﬁ f%%?te Q%E Sngv%%%r%gfgﬁggévﬂit ?:%g g_’:_/{yvg%g%gr%ggwed to stand one hour

Ve WEIE .
at room temperature. erwashing threeT OKyo héhical Industry)

was dissolvethbat@byg/ihiihghéilsubstrasthelissoivingsHybatondsag2an SapHealt,and allowed to
stand one hour at room temperature. (vi) The reaction stop salution was added at 50 pL/well, and

absorbance TR TS u /Il ag 1P gERTCRAE UL ALIG S REPIY 5 A Ba s RY RISIPRIZBS N us MK 11 (Flow

Laboratorieg)§086Ma?Rere 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 produging 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, Iharaki,
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



3. Result 3-1. 66221 Solid-Phase Antibody Plate Assay Results Test results are depicted in Table 2
. and Fig. 6. When the 66221-antibody was use%as the primary antibody and the 66226- antibody
was used as the secondary antibody, a concentratidon-dependent increase in absorbance was
observed for insulin, while no concentration-dependent increase in absorbance was observed for
proinsulin and the insulin analog formulations (insulin lispro, insulin aspart, insulin glargine, and insulin
detemir) [0061] [Table 2] Primary antibody 66221-antibody Secondary antibody Biotin-labeled
66226-antibody Antigens Antigen concentration Human insulin Human proinsulin Insulin analog
formulation! 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



Insulin glargine Insulin analog formulation/ Insulin aspart Insulin analog formulation/ Insulin lispro
_ Insulin analog formulation/ Insulin detemir Ong/ml 94000 0.000 0.000 0.000 0.000 0.000 1 ng/ml

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.



0.316 0.005 0.004 -0.011 -0.005 -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
; 25

[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]



0.000 -0.016 [0062] 3-2. 66226 Solid-Phase Antibody Plate Assay Results Test results are depicted in
_ Tat?le 3 and Fig. 7. When the 66226.-antibody yas used as the primary f_intibody z_ind the 66221-
antibody was-used as the secondary antibody, no concentration-dependent increase in absorbance
was observed in any of insulin, proinsulin, and insulin analog formulations (insulin lispro, insulin
aspart, insulin glargine, and insulin detemir). [0063] [Table 3] Primary antibody 66226-antibody
Secondary antibody Biotin-labeled 66221-antibody Antigens Antigen concentration Human insulin
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]



Human proinsulin Insulin analog formulation/ Insulin glargine Insulin analog formulation/ Insulin aspart

~ Insulin analog forrnulation/ Insulin lispro Insulin angl70g formulation/ Insulin detemir Ong/ml 0.000
0.000 0.000

[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



0.000 0.000 0.000 1 ng/ml -0.011 -0.002 0.001 -0.004 -0.006 -0.017 5ng/m1 -0.010 0.004 0.004

-0.003 -0.002 -0.011 10ng/m1 08

66226-antibody: 3.99 mg/mL

(2) Antigens

Insulin, proinsulin, and insulin analog formulations (insulin lispro, insulin
aspart, insulin glargine, and insulin detemir) used were the same as the second test

” éxample.
| [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 pU/well and allowed to stand 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]



-0.010 0.014 0_015 -0.001 0.006 -0.007 [0064] 4. Discussion From the above results, it is
concluded that insulin can be quantitated without tgs influence of proinsulin and insulin analog
formulations because no cross-reactivity was observed when the 66221-antibody and 66226-antibody
were used as the primary and secondary antibodies, respectively. Insulin could not be assayed when
the 66226- antibody and 66221-antibody were used as the primary and secondary antibodies,
respectively, and it is therefore noted that the 66226-antibody exhibits no reactivity with insulin but
reacts with insulin bound to the 66221-antibody. Note that in the cross-reactivity test result of the
monoclonal antibodleRefittie present invention using Biacore (registered trademark) T100 (the second
test example), the 2]- |t$0(£f/ reacted with i in, proinsylin, and all insulin analog formulations,
while the 66226-an%%%‘0%/6?§;c & %ﬁ%aﬁ%%é\{% 6‘??%5;&1&% Rs?ﬁ%%?%?eﬁ,s as the reaction mechanism of this

assay system, it is spacuisitd dratissiniedstEuriblabehriigig.accurs 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. [0 P FekersbenyRpersed s dhe friyay muivsdn ARt Aibetids of the

Present Inveptigniwihinselindnalogsndty andiiriesionrsResiamestsing: Birgore (egistered
trademark) Ti 00 for cross-reactivity of the 66221-antibody and 66226-antibody with insulin analogs.

An insulin aslziodrdoemuiatiobrerecdifmunsuinlisihic wasaussatepsionederandeniiafegse. iIReagents and

InStrumentSabsorbance 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 .
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]

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

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

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]



1-1. Monoclonal Antibodies (i) 66221-antibody: 2.30 mg/mL (ii) 66226-antibody: 3.99 mg/mL 1-2.
Analytes Insulin Analog Formulation (i) insulin gluli§6ne, 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-antifdadp]¢i3é 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-antibodynshewes feactivity. The vertical axis ¢iidksndigates a unit unique to the Biagore.
(registered trgdematkiagsay system and represgnis.a-.mass-shange due to reaction on the sensor
surface. [00 [Example 3] Assayf of Insulif Using a Cgmbination ¢f Monoclorjal Antibodié¢s of the
Present Inventi Brtgens Insulin anatog | Insulin analog | Insulin analog | Insulin analog
' lTluma.an Hgman_ formutation/ formutation/ formutation/ fosmulation/
Antigen insulin proinsulin Insulin glargine § Ensulin aspart Insulin lispro Insulin detemir
concentration
Ong/ml 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



32 Either the 66221-antibody or 66226-antibody was solid-phased, while the other antibody was
. combined as a secondary antibody to test the reac§i1vity 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 withhE sestnphs eslianethes BE2hcantihiegisios tvddmarkhd pbriancmstbody and the

So22e e T e SRR A AR S e
detected forpitipsulimwatdhg. nslisulanglofsiasmetationdinstianigiuliainedld9071] [Table 4]

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



Primary antibody 66221-antibody Secondary antibody Biotin-labeled 66226-antibody Antigens
- AntigenN concentration Human insulin Human progr}sulin Insulin analog formulation/ insulin glulisine
Ong/mL 0. 000 0. 000 0. 000

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]




Ing/mL 0.316 0.005 0.031 5ng/mL 1.491 0.006 0.000 IOng/mL 1.995 -0.013 0.003 [0072] 3-2. 66226
. Solid-Phase Antibody Plate Assay Results Test re,gglts 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

[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]



analog formulation (insulin glulisine). [0073] [Table 5] Primary antibody 66226-antibody Secondary
antibody Biotin-labeled 66221-antibody Antigens A&tigenN concentration Human insulin Human
proinsulin Insulin analog formulation/ insulin glulisine

[Table 5]
Primary antibody 66226-antibody
Secondary antibody Biotin-labeled 66221-antibody
Antigens | Human insulin Human Insulin analog
proinsulin formulation/
insulin
Antigen glulisine
concentration
Ong/mL 0. 000 0. 000 0. 000
1ng/mL —0. 011 ~-0. 002 0.022
5ng/mL -0. 010 0. 004 0. 001
10ng/mL ~0. 010 0.014 0. 001
[0074]

4. Discussion
The above results show that no cross-reactivity is exhibited with the insulin
~ analog formulation, insulin glulisine, when the 66221-antibody and 66226-antibody
were used as the primary and secondary antibodies, respectively, apd 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.




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 0.014 0.001 [0074] 35

ACCESSION NUMBER
[0076]

(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)



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 tRe 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 clinicalidbAditRssioi diabese Soathkridaprensiotasiigpaisenihe ACOHBSIONTIYMBER [0076]
(1) FERM BP-11233 (2) FERM BP-11234 [0077] [Reference to Deposited Biological Material] (1)
Hybridoma 86221 producing the 66221-antibody i) Name and address of depository institution at
which the biologicalFERieriBR- et deposited. International Patent Organism Depositary, National
Institute of Advanced Industrial Science and Technology Tsulcuba 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) 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 dgposited. 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 36 iii) Acggssigpgnumber for the deposition assigned by the
depository institution PERM BP-11234 37 CLAIMS 1.An insulin assay using an antibody that reacts
with insulin bound to an anti-insulin antibody but does not react with insulin not bound to an anti-insulin
antibody, wherein sAiliassay asse twogypem abehtibodiescand tvieselim bound to an

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. 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.



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 igg 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 a,nal?gs. 6.The insulin assay of any one of claims 2 to 5, wherein the second

monoclonal!dntibody 1< 54 Ah gy HSEPLSCIRREGHRE FromLRRy 4hef AsaaindHaiBYE ™ PHRGns ulin

assay of antp enewi-thairtis 2)th&lydnd sotwnigrdinihe fissbanddseconahthorodionatibadpodies are
immobiIizec{x,tpe{@;%a@@qgggs}uﬁgbgst@,a%ggmmgmgg@ﬂnation assay. 8.The insulin assay of
any one of claims 21 451 ?f andtgj \gh%rem the f?i;l’?t n}onoc%lonal %tibori%is ir(’rpmobilized to a solid phase,
the second monoclonal AntibOC yolsy labefed W %?aﬁ%qfnﬁl%vgﬁerilgﬁuand MSulin is assayed by ELISA.
9.The insulin assay2ofdyo™epfiepsining aprepanded rogsersinvitieifirglimbeigtdoadhaitiiody is labeled
with a labelingivadtewalldheseaontcnanoelanal astinady i imetakilwethtea solid phase, and insulin is
assayed by ELISA or immunochromatography.

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.



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 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 insu§@ 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 antib cansists of two or
more monotional a%t [?PBE %WFF@@%P%?H%‘%@%W%@%C?ﬂﬁlﬁrﬁsé%gﬁﬁlg gggﬁ?%@?@ént of any one
of claims 11 to 13, Wheleirting wast sl jyrse aivihw ithanedionahdntibodies is an antibody not reactive

with proinsulin and ﬁ)%@l@b@ﬂgk@ﬁﬁm%@ﬂm Hﬁﬁﬂ&&ﬁﬁ%ﬂ%&%ﬂ&hﬁﬂ%@ﬁlﬁi%%mﬁiﬁé@ 14,

wherein the %n%l antlbo an antibod t reg ctlv with. pro I|n and insulin
1n S e not Leac e with insufin Oilf sa1d 1:13
analogs. 16S & |nsuI|n ssay reagen any one o clalms 4 and"b Wherein the first and

second monoclonal antibodies are immobilized to latex and |nsuI|n 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 secorh% 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 solidlﬁha e, and insulin is assayed by ELISA or
immunochromatography. 39 19.A method of Sr'é]éﬁiésrsr%'noclonal antibodies comprising the
following steps: 1) selecting an antibody reactive with insulin, and 2) selecting a monoclonal
antibody reactive with insulin bound to the antg‘% @ﬁed in step 1) but not reactive with insulin not
bound to the said antibody. Insulin Assay AB The present invention provides an
insulin-specific assay and an assay reagent capable of sensitively and specifically assaying insulin
using an antibody having a property of reacting with insulin bound to an anti-insulin antibody while not

reacting with insulin Hit BESHY BVaRUSRPIALIRS ARdBSHN-SRESHIR BSMARfEEHH; F8ilulin and

insulin analQggable of sensitively and specifically assaying insulin using an antibody having a
| property of reacting with insulin bound to an anti-insulin antibody while not reacting
~with insulin not bound to an anti-insulin antibody, without being affected by proinsulin

and insulin analogs.

Fig. 6



