WD 01/ 81919 PCT/ US01/ 13378 GASTRI C | NHI Bl TORY PCLYPEPTI DE DI AGNOSTI C TEST
FOR DETECTI NG SUSCEPTIBI LI TY TO TYPE-2 DI ABETES, | MPAI RED GLUCCSE
TOLERANCEYO OR819MPAI RED FASTI NG GLUCOSE BACKGROUND OF THEPCNUENTI3EN 1.
Field of the Invention The present invention relates to nethods and kits
for determ ning whether an individual i s suscepti bl e to devel opi ng Type-2
di abetes, inpaired glucose 5 tolerance i npai red fasting gl ucose
(1FQ. These mé&AS GrIHfHBHQRSé POJeYPE TIiB MA&N%’H@SEES@@QR an

i ndividual to adm nistration of gasdDETECTINGitory polypeptide (AP) or a
G P vari ant, twwupwmmmwmmmmmmmqmmu GLWCOSEsk for

devel opi ng Type 2 di abetes, I GI, of oxi mately 10.3 mllion people
have been di agnosed vvlth igg? tebstates and it is .
estimated that many nore have gl%ﬂ]s)e%gse’f l(“‘r;‘]iérnau nS%undl agnosed. Type-?2

di abetes is believed to aﬁﬂmw % of all diabetes
cases. There are currentl i for determning if
an individual is susceptible to devel oping Type-2 diabetes. IGI is al so
common in the U S peipld éftthoMveniidth an estimated 13.4 15 million Anericans

having this condition. |GI describes a condition where an individual has a
reduced ability to tBhQarpa@S@ntg|1@‘ce@§@nar@1ﬁt% & rmaetheds 1od kife fpedsfergyning

i mpai r ment s WM 2l g, at an
| ner eased Wittt MeBhar gt sFRNL 58 B sBREL Trpe  iRBGEs clindite it

| FG i s 5a C@Rgirick QGE), mhxﬂpalrédofa&tﬁﬁ %lh&ﬁe I0F®)| SPhele RicBvis QR4 kits aiehf%e&’t@ “and
el sewhere. There are currently no 20 reliabl'e diagnostic tests for

det er mi ni rgeasfirearthé nriisporgaabf | an sindivahgl bioe atimimistvationpiofig gash@T mhititey
Despite the |l ack . of | i abl e di agnostic tests, . it hsbee 0 far sone
Cime that TSTPEBISS SO o IR RN dUHGP S5tcphinile, 3t Ap teav s &l on
data show 1bi 43 p e s of GIPare significantly
reduced i n{?‘yfﬁgﬁg‘;e& aﬁ%g‘gééjg pa’?elgetn(?g (}I];l%@ The precise role of AP in the

pat hol ogy of Type-2 Appdoginesicly HOvEmnillion peeplehase bdzacliighosediwith ididbetes it he
present invention a |link between G P and an ) )
10  the United States and it is estimated that many more have the disease but remain

undiagnosed. Type-2 diabetes is believed to account for approximately 90-95% of all
diabetes cases. There are currently no reliable diagnostic tests for determining if an
individual is susceptible to developing Type-2 diabetes.

IGT is also common in the U.S. population, with an estimated 13.4

15 million Americans having this condition. IGT describes a condition where an
individual has a reduced ability to tolerate glucose administration but the level of
impairment is below that of definitive diabetes. Persoﬁs with IGT are at an increased
risk of developing Type-2 diabetes as well as other diseases. IFG is a condition similar
to IGT. IFG is also a prevalent in the U.S. and elsewhere. There are currently no

20 reliable diagnostic tests for determining if an individual is susceptible to developing
IGT or IFG.

Despite the lack of reliable diagnostic tests it has been known for some
time that GIP plays a role in the pathology of Type=2 dlabetes ‘based on data showing
that the insulinotropic effects of GIP are significantly reduced in type-2 diabetes

25 patients (7). The precise role of GIP in the pathology of Type-2 diabetes, hoWever,

remains obscure and prior to the present invention a link between GIP and an
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SUBSTI TUTE SHEET (RULE 26) WO 01/81919 PCT/ US01/ 13378 i ndividual's
susceptibility to devel opi ng Type-2 di abetes, IGI, or |FG had not been

di scover ado 0BRIMMARY OF THE | NVENTI ON The present inventi oRCTASdi/13818t ed t 0O,
for exanple, nmethods and kits for 5 determ ning whether an individual is
susceptible to devel oping inpaired glucose tolerance (I1GI), inpaired
fasting glucose (IFG, or Type-2 diabetes. The nethods i nclude

admi ni st erindiyiduaGh Rusueptbifity & developing diype12ddiabetess| IGThvearsIFG tgd troe beesponse
of the individual and determ ning whether the individual is susceptible to
devel opi ngdifegreredType- 2 di abetes, or | FG 10 BRI EF DESCRI PTI ON OF THE

D;R’AW ’(;IGS Fig. 1. Plasma concentrations of glucose (capillary neasurenent;

A) an i mmunor eactive G P ﬁhlﬂlﬁl@f‘ ﬁ@gE TRy ati ves of type-2

di abetic patients (filled %I anornas) ,d]'tluiﬁ]?/pe Z |la etic patients (open
circles), and 10 healthy control subjects (filled circles) participating

i n hyperg| ycem c cI a’lﬂne prepenti imesntion\vis tire¢tad tavion cuamps, nrethais and kifs for P (2

prol kg 1mn EM P.val ANOVA bet
Dol 62 o deiintiE o Hehoman R itiaheis SEACOpIG BagHGIPRE JIUARd St ey

*. s f t
i oni F1 canParE G E’e“’?%“(fa e ghcb® fees; 6 BPe pal Phicmeiods
Fig. 2. Plashdeaomidsitriag b @19 opfGIPneHannto( £ 1nﬂmld1@1 Jepdsuriag (i#) respehse 20

insulin secretion rates in 21 first-degree relatives of Type-2 diabetic
patients (thelindiyidugj @M@g@mlmm whether ﬁledpéw&qablswﬁqe@ﬁb@ tp 6‘6&‘?1021% dfds) |

and 10 health roI ects (filled circles) participating in
hyper gl ycghy ‘Jy%ﬁ}fﬁﬁ mEnt s with intravenous infusions of AP (2
prolkg 1 min ). Mean SEI\/I P val ues: repeated-neasures ANOVA (A between

subj ecfq patient gr oups;BﬁJEWDESCRmpTMB:OanRAMMS group 25 and
time). *: significant difference (p <0.05) to Type-2 diabetic patients f:
significant difference (p _<0.05) to normal subj ects, (Student's t-t I'n
the right panels, iRt i Blasmasoaesmirationscefalicoss &pillsry meaghrementph éH

C peptide (£ %:?or}gacu% B1P"(B)4n F B Bbiee FElEfes( myﬁeéfschalygacoﬂz(ﬁ%ﬁ@ 1@ittea

PCT/ USO1/ 1
diamonds), 10 type-2 diabetic patients (open circles), and 10 healthy control subjects

(filled circles) participating in hyperglycemic clamp experiments with intravenous
15 infusions of GIP (2 pmol-kg’-min™). Mean + SEM. P values: repeated-measures
ANOVA (A: between subject/patient groups; B: with time; AB: interaction of group
and time). *: significant difference (p < 0.05) ;co Type-2 diabetic patients; f:
significant difference (p <0.05) to normal subjects (Student’s t-test)
Fig. 2. Plasma concentrations of insulin (A) and C-peptide (B) and
20 insulin secretion rates (C) in 21 first-degree relatives of Type-2 diabetic patients (filled
diamonds), 10 Type-2 diabetic patients (open circles), and 10 healthy control subjects
(filled circles) participating in hyperglycemic clamp experiments with intravenous
infusions of GIP (2 pmol-kg’-min’). Mean + SEM. P values: repeated-measures
ANOVA (A: between subject/patient groups; B: with time; AB: interaction of group
25 and time). *: significant difference (p <0.05) to Type-2 diabetic patients; f:
significant difference (p <0.05) to normal subjects (Student’s t-test). In the right

panels, individual plasma concentrations of insulin (D) and C-peptide (E) and insulin
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secretion rates (F) in 21 first-degree relatives are shown in relation to
the upper and |ower 95 % confidence interval for normal subjects (dashed
lines). W@o1/891Di fferences (A) between the nean val ues aPCT/iUR@/pPoIsNts 15
and 30 mn ("hyperglycema”) and 75 and 90 mn ("hyperglycem a plus
exogenous G P) 5 for insulin (A) and C peptide (B) concentrations and for
insulin secretion rates (C) in 21 first-degree relatives of Type-2 diabetic
pati ents (dectetion rdiearBnis 2] firS-dogpee Rlativienlast slowmin eslation epthe uppec hed) |
and 10 healthy control subjects (filled cjrcles), . val ues: ANOVA (overall
conpar i sonPWgh&S g Geratidenge %mﬁré‘%]tf(o{ Eﬁﬁ%ﬁrsll‘éléﬁsé‘ﬁspﬁ&ms ual gr oups).( 10

Fig. 4. Plasnma conc ti O GRG0 i i : [ § of
Type-2 di abetic pat ?l‘gfrg; ? (lﬁ ﬁﬁeg%esd{%nondés%n, ﬁi%& qa&p%ﬁgesgﬁgggfpéﬁkﬁﬁ \éﬁ‘t?s
(open circieflin (“KRrgifcdrfat)t id 79rhd 90 BHD(‘herglfcehliLPluei dxbi&fls GIP)
participating in hyperglycemc clanp experinments with Intravenous

i nfusi dns fof iGukn((A) Emd| Ggeptider (B) Iconcdutrationssam f@p ingelinugesretion rates (C) in

r epeat ed- sures ANOVA (A: between subject/patie roups;,B: . with 1
time; AB: n?ﬁtfﬁﬁté‘iflgf‘??n r%lf‘tg o?:fg é(ﬁﬁ"at aWB%t.lc ,p_aggn[tb r‘?‘h?‘géﬁ?g%qﬂfe#@nn’t@e(% <
0. 05) to T¥REsi2ndi-aketd i &0t Saq hb: heshiBR o i . ; 05
to nor mal %Ilu thchgie? tﬁd gﬂﬁﬁltscllég? 'E§neds tl)b.héé?tg? c%)hﬁglf‘gglﬂgét% g'rf]lgg(?]? Pgéis);'ngl) of)
pr oi nsul i nvdlies2 LANOEA- @egtaltecobplagitonyemd Stiidey et-tBstdicatnphtisonpait individual
(filled dianonds), 10 Type-2 diabetic patients (open 20 circles), and 10
heal t hy cogfoEBY)- subj ects (filled circles) participating in hyperglycenic

clamp periments wh intyavenous. i nf.usj P (2 RIT "1 ).¢ Mean
SEM Pﬁi;al ues: 'repe {gé(‘ll-' %ag res %@}iﬁ(ﬁfglgg{%/c\ge]ﬁZéﬁlggﬁ%ggeaﬁ%&e}é)?oups;
B:  with tTyms-2 ABibeli®pefi@fd (BedodiafibAdk), 20yl Pediabdtic pdt@atsl (opantircles),

di fference j(7%-< 0. 851) tptcl) Tglpe- 2 1di ag%?I C g@)i entlg;e%ci ﬁd Si anlogi c_alrfg )

di f f er enceandp 16 healdty) comrol ovulectss (ﬂ:l]eéc@imlesg PaftRipatingt inshyperglgeemic BEmMp L ED

abbr ovi at CEKPRBFER Wil TR oy Ry o SETP (A hardgr vl Lt it SESh P
normal ' (an, Jadi viduate WA ARBAIA QA O0IRARR subjesbBRTdnT SHups BT wfbLE

26) WD 01/
15 time; AB: interaction of group and time). *: significant difference (p < 0.05) to Type-

2 diabetic patients; *: significant difference (p < 0.05) to normal subjects (Student’s
t-test).
Fig. 5. Plasma concentrations of proinsulin in 21 first-degree relatives
of Type-2 diabetic patients (filled diamonds), 10 Type-2 diabetic patients (open
20 circles), and 10 healthy control subjects (filled circles) participating in hyperglycemic
clamp experiments with intravenous infusions of GIP (2 pmol'kg’-min™). Mean +
SEM. P values: ' repeated-measures ANOVA (A: between subject/patient groups; B:
with time; AB: interaction of group and time). *: significant difference (p < 0.05) to
Type-2 diabetic patients; t: significant difference (p < 0.05) to normal subjects
25  (Student’s t-test).

DETAILED DESCRIPTION OF THE INVENTION

Definitions
“Impaired glucose tolerance,” abbreviated herein as “IGT,” refers to an

intermediate stage between normal (an individual without impaired glucose
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met abolisn) and definitive or "frank"” diabetes. As an illustrative, but
non-limting criterion, using an oral glucose tolerance test, inpaired

gl ucose tvober/smee i s defined as a two-hour val ue bet weenPQUOSoW3pEr dL
(7.8 mmol per L) and 199 ng per dL (11.0 nmol per Q 5 "Inpaired fasting
gl ucose" refers to a condition simlar to IGI. As an illustrative, but
non-limting criterion, "inpaired fasting glucose" is defined as a fasting
pl asma gl usoigbolisoncandt definitye betfemak” ibetay. pAs ailillpstrativendiut men-linyitiagd

125 nmg per dL.(6.9, mol roL)y. " e-2 diabetes"” (also referred to_as
non- i nsul | IR T andp%gg{qggse tfgéég%qel tFﬁtugn%uchﬁhg‘fQSBﬁ%l@Eanﬂ‘? Spdafimed a5 s 4
cl assificafj &ﬁeﬂa I I gL Vi Sm¥f3 L tqod L. efi §t ance
and who u%ﬁﬁ? ex |1%€?&r§§ atl?gggﬁ‘gtﬂgej?ﬁtlghan g esﬁﬂ%@ tl|99ns ér{aL G

defi ci encymmbhperpieci se cause of Type-2 di abetes has not been identified.

II'lustrative, but ngn-limting criteria for determ ning whether an
i ndi vi dual has Type- AmprEpdiesting glyroseiqeetensdo gy capditionofimilae t BT oviingn (1)

fi ' I J val . 15.qr.eat t | to 126
i 111 gr amey HoRver P o ot &k, 1 nBlnedC RRUAG e O et B Goabet oo,
a confi r melstnplhahi ighttobd asiRnAhtiGPBEvwEah Ue0Ghg Pe AL (6.1 HARoLper EFWAL tO
200 ng/dL (3) wth an oral glucose tolerance test (by adm nistering 75

grans of BEdmgpeudl ¢6.9oumel pérslspl ved in water, in accordance with Wrld
Heal th Organisation,standards, and the asuring the plasm gl ucose
concentration 2 hours ypf&dl%rlfg’@ﬁe?, (glsﬁdﬁ ‘i“%ﬁe@ 8 HSB’%%SWETC@?BG’@F’%QH € t han
or eq t : g I i i oGl heerd ag f | GT,
TFG vy TR SOadiolRe SRS i o sk Bicnih M AGROSHAFR dhdiEldults Fho
Conmi t t ee exhitihimsiliragnRsinse andl whol aaslly extdbit o¢latife, Dhthbethas absdlite] isulin See

Expert Comm ttee on the Diagnosis and_ Cl assification of D abetes Ml litus,
Di abet es cigfisieney.1 T9g pradisgrgause of T¥perd dliabstes das notbesayidertified: nilustraiave,

criteria f i 0Si Ng. Types 2. di abet e set by..

oLt e, I paRaRa b o B REn: Fh ARSI ERRHE T Ry 1o
or gani sat i iaflull® o 8P RioS@bf fHe: folled Mgt halh andnfitméd B38nyY Plaksmbi Pitdse YMGe b M8

| GT, IFG and Type-2 diabetes, as used herein, are intended to be

i nt er giSet egfedten datiny onrequalo tdod 261 miligsimsédeotlitern émgailyj 1(2) @ absipiésentd of

criteria ed inthe art. 30 "S eptible to developing | GI, |FG _or Type-2
G hbet cor St b FiaBies. S coniEer SPr B ElsA g Hah AR Gl ST e Bhe 1 1

I's under stad to 1003hgfY S) WitPar bi4dk B tucBse tolerance test (by administering 75 grams

of anhydrous glucose dissolved in water, in accordance with World Health

2

D)

Organisation standards, and then measuring the plasma glucose concentration 2 hours
20  later), a confirmed glucose value of greater than or equal to 200 mg/dL.

The above illustrative diagnostic criteria for IGT, IFG, and Type-2
diabetes are those proposed in 1997 by the “Expert Committee on the Diagnosis and
Classification of Diabetes Mellitus.” See Expert Committee on the Diagnosis and
Classification of Diabetes Mellitus, Diabetes Care 20:1183 (1997). It is understood,

25 however, that the criteria for diagnosing IGT, IFG, and Type-2 diabetes are set by
institutional bodies and may be changed from time to time and may vary from
organisation to organisation. Notwithstanding these variations, the terms IGT, IFG,
and Type-2 diabetes, as used herein, are intended to be interpreted broadly and to be
inclusive of the varying classification criteria used in the art.

30 “Susceptible to developing IGT, IFG, or Type-2 diabetes” means at risk
for developing one or more of these conditions. It is understood that even if a given

4
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SUBSTI TUTE SHEET (RULE 26) WO 01/81919 PCT/ US01/13378 individual is
determ ned, via the inventive nethods or kits, to be susceptible to

devel opi Mo vhewe di seases, the individual may in fact nevReT/iewel3ss eit her
condition. It is further understood that the present invention can be used
to assess individuals who already exhibit one or nore risk factors of

devel opi ng these di seases. For exanple, in 5 a preferred enbodi nent, the
inventive imgivithas iardetaprinédedvinothaninventivei dielodwhar kits,ato fbier siseetgibledo
relative of a Type-2 diabetes patlent In _this case the I.ndi vidual is

al ready i%eval omr@rrhesesdesqaa%&&v IViqUsh AN laéaca@ﬁ*{fa|4s=§?lea|elt§?ramﬂm% It
Hovever, P ' fthérom:id%?stoﬁ #2F e p‘[ C%I%X&l?tu!l gtloﬁg e‘ﬁ@?c}_lfboa s 1vﬁ)(i Es @g?w th

nore certaln er a par I"ar I VI In a rs egory

woul d dev edlftrady EthibltFfae o@rm&mﬁk&a@tb@b@t@selopm@ tidre cmeamntForraa@ﬁipwmn
provi des such a predictive diagnostic tool. "Gastric inhibitory

pol ypept i de preferaed smbadimentisthy [invanéize dreq.tﬂmaeaﬁ@ appligghita mmcbwd@alhwhm@)

bb t | i. not h d d
secreted fHsRCAERrIgiC v Tapep BhorRR Pty GRS o IRCSuBtBh Aty °"
proxi mal jgj é:“ﬂ?gﬂpg% Baﬂegoﬂf'ye‘cfﬁﬁﬁ e dpfdfioRd 1c'af‘§t'21ﬂ&15di'ntbe%%%ﬂ tprict to the

responsi bl e, or what 1's call "the incretin eff’ect " nanely
t he enhancemest imfeniios uhere vsasaietaptop pedick mmhrlgomrcattahnm whether anpamwhous

O beres: RGBSR b RSl onty e 107 o b b
AP T Met - Asp- L Il e-
Hs-d ?rg GAmeAé; eb‘eﬂngn?(@;ﬂfl&%\gm#és?sﬁéﬁgx Egééﬁ)%-% rd-gﬁ%% B?f I t%er\lyaLys LyspAsﬁsAspeTr p

20 Lys-Hi s-Asn- |1 e- ThGad@id 1mﬁofpﬁ&@pe§ﬁde Hommeknowineasprga&esﬁ dépau@diiti on
i ncl udes the use of reconbinant human G P as well as G P derived from

ot her specinedinofepichbermaney, orthirerdpied dierely s N&iliPe” inag dn$1ﬂl§lI0tI§BTG haoymope

etive, 1 Syiis e BhF srcioldteid vl el <l wEfipBEIE sfls it e hByehBRag, 'V
under st OOdl?Irolﬂﬁﬁalt Sn@a! | @iB ¥ ﬁffer}é@tovﬁrdxﬁﬂkre@ﬁrbegﬁls%'ﬁ 'Ikefesf)(ﬁl%ﬁ)lé’CIh%}t or 25

nore potent than'native G P. P biol ogical activity can be determning by
in vitko fondvhat iy muﬂ)edaﬁihﬁahcnmﬂeelfﬁ:ca’hdlahmlyathesdnhdnmm off snsmmhl sekretiom t O

the skilled artisan,. |ncluded as P variants are an I ec whet her
they be pe%i lpwang Orﬁb F‘i%mﬁ’ﬁ“f?éf’?sc uc‘c‘.ﬁF 36‘9%@? f%&necﬁ'l %Er ‘Fféﬁ liggnty

activate t o s g@ﬁﬁd
recept or h@g (gflj;%ére?hgrsé/ﬂ ]"Flé:rf‘ilgglelliﬁ He art ﬁ)ﬂgﬁﬁnlgc xgmd -EQ&ue%g)mf ch
et al., D abgireGIR4: T&Ma—(ﬂ@-@ﬁ?«Thh%BQIéSS@fA@eT}ﬁiSBrrlldﬂglaANRt Asp-Lys-Ile-

" His-GlIn-Gln-Asp-Phe-Val-Asn-Trp-Leu-Leu-Ala-Gln-Lys-Gly-Lys-Lys-Asn-Asp-Trp-

20  Lys-His-Asn-Ile-Thr-Gin (SEQ ID NO: 1). However, the present invention includes

the use of recombinant human GIP as well as GIP derived from other species, whether
recombinant or synthetic. ‘Also included in the present invention are biologically active
variants of GIP. “Biologically active,” in this context, means having GIP biological
activity, but it is understood that the activity of the variant can be either less potent or
25 more potent than native GIP. GIP biological activity can be determining by in vitro
and in vivo animal models and human studies as is well known to the skilled artisan.
Included as GIP variants are any molecules, whether they be peptides, peptide
mimetics, or other molecules that bind to or activate the GIP receptor and its second
messenger cascade. The GIP receptor has been characterised in the art. See, for
30 example, Gremlich et al., Diabetes 44: 1202 (1995). Methods of determining whether
a chemical or peptide binds to or activates a GIP receptor are known to the skilled
5
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a chem cal or peptide binds to or activates a G P receptor are known to the
skilled 5 SUBSTI TUTE SHEET (RULE 26) WO 01/81919 PCT/US01/13378 artisan
and are webesrdy carried out with the aid of conbi nat or pal/Usbiersssal
l'ibraries and high throughput screening techniques. Al so included in the
present invention are polynucleotides that express AP or G P variants as
defined herein. Also included in the present invention are QP peptides
cont ai ni ngartim arl are profesabdyricamvied coud veithbihie didiof onmbirmd'ﬂiaﬂ ichernical libiakies i ons.

I n one enbodi nent. the nunber, of substitutionps l.etjons, or, addjtions is
30 ani no. AEdER PUGHPUL STeSRng dechaianey dyisq melude genélﬁﬁ RESSeRti ipvethion |28 s, 15

am no ,aci crjﬁqb uce%ﬁa ﬂlgté@%‘réh? C?I'P'oqs(}l@rvalrﬁﬁtﬁ’as Ff]ﬁ%mﬁi‘ efiCi ds or less or any

i nt eger et ween ese nmounts. | n one asp i nvention, the

substi t ut i ons incl ud&lso rigcloded iy thequesear Mﬁfbﬁ&kﬁl Sit¢bSIR Fqﬁtid&lé‘contémlﬁ)g one
"conservative" substitution denotes the replacenent of an am no acid

resi du@ byor EMBt ABHRO il sefistitutiops.agdditienss phvidelgtionsesi luene endeginent dhe
conservatiyve sub i ncl.ude the ubst.i tution of .one dr gphobi c

oo duer SERPEIR <obirhfhs, BRSO RuBIR &b ) ihBer s i WGy 2ABHE o
the substigcisi (f-trleé%f 29%1196"21@&63 6?§és§jul35 Arfino 3Rk R essS 40 nffo adil€ or less, 5
substitution of arginine for lysine, glutamc for aspartic acids, or

gl ut am ne dnoino kBidasqraleagyoneny andgehia bétiween Tese faoiouatsi ndn toablaspdct sif she
illustrative, but pon-Limt. nservati ve anm no acjd substitutions

ORI G NAL REYMHOR: wm#vtwg%égqﬂl ENQT TRPIR SERSCTVALE ARSEHEOINSN A S,
SER g?ﬁl IGIL_CEHT_ vE AL&b%tl@h Nicaohls ¢Hk Stepﬁcéfné%Pof GhVamfdoY ablli restll b)Hl S

ASN, ,
another, biologically active similar residue. Examples of conservative substitution

include the substitution of one hydrophobic residue, such as isoleucine, valine, leucine
or methionine for another, or the substitution of one polar residue for another, such as
the substitution of arginine for lysine, glutamic for aspartic acids, or glutamine for
15 asparagine, and the like. The following table lists illustrative, but non-limiting,

conservative amino acid substitutions.

ORIGINAL RESIDUE EXEMPLARY
SUBSTITUTIONS

ALA SER, THR

ARG LYS |

ASN HIS, SER

ASP GLU, ASN

CYS SER

GLN ASN, HIS

GLU ASP, GLU

GLY ALA, SER

HIS ASN, GLN

ILE LEU, VAL, THR

LEU ILE, VAL

LYS ARG, GLN, GLU, THR

6
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LEU ILE, VAL LYS ARG GN, GU, THR 6 SUBSTI TUTE SHEET (RULE 26) WO
01/81919 PCT/US01/ 13378 MET LEU, ILE, VAL PHE LEU, TYR SER THR, ALA, ASN
THR SER, woA/ARP ARG SER TYR PHE VAL ILE, LEU, ALA PRECBUSOIA33TS

enbodi ment of a G P variant is a polypeptide conprising amno acids 19-30
of SEQID NO 1 (see Morrow et al., Canada J. Physiol Pharmacol. 74:65
(1996)). where 1-5 or nore amno acid substitutions, deletions, or

addi §i ons can 5METnmade within this 19-30 anmi no ackEU, SERUPAEE. It s
furt her—understood that G P variantslinclude the above described peptides
whi ch have beenPEHénically derivatized or alteredEUi dYRexanpl e, peptides

W t h rom=natur-at Tho—actdrestdues—(fe— g tatr+-pe—+residye—beta—and
ga am no aci § si dues and D-ami no |aci d resi du@g}{: A?‘:‘-‘At’ezgﬂqnal _
functional grougyydi Tications such ag am des, € ERSALANd Ctermnal
ket ome 10 nodifications and N-term nal| functional group nodifications such

as atcylated am M®P Schiff bases, or |cyclizati onARGSERas found for
exanple—in the amno acid pyroglutanmid —acid Also included in the present

..... =Y <

i nvention are pdpfRde sequences having greater tPEB 50 percent sequence

| denfity,—and—preferablygreater—than96perecent——Jo-seauepce—tdent+ty— 0
(1) SEQ I D NO YAIFZ) to truncated sequences therlé‘gfj;l'mdxt‘g) to am no
acid$ 19-30 of PRGTD NO 1. AS usSed nherein, squﬁﬂ e Tdentity refers tp a
conparison nmade between two nol ecul es |usi ng standard al gorithns wel! knpwn
in the art. The preferred algorithmfor calculating sequence identity for
the present inventio IS the Smth-Waterman algorithm_ where SEQ ID NO 1
is used as the ref erehc@bodment (ine SIPovaEnf e 3 pelypeptiiencomprising aniing of

pol ynucl eqatcidgeldjmlf% q¥eRNG:t St l(s%@%grrow et al., Canada J. Physiol Pharmacol.

74:65 (1996)), where 1-5 or more amino acid substitutions, deletions, or additions can

5 be made within this 19-30 amino acid sequence. It is further understood that GIP
variants include the above described peptides which have been chémically derivatized
or altered, for example, peptides with non-natural amino acid residues (e.g., taurine
residue, beta and gamma amino acid residues and D-amino acid residues), C-terminal
functional group modifications such as amides, esters, and C-terminal ketone

10  modifications and N-terminal functional group modifications such as acylated amines,
Schiff bases, or cyclization, such as found for example in the amino acid pyroglutamic
acid.

Also included in the present invention are peptide sequences having
greater .than 50 percent sequence identity, and preferably greater than 90 percent

15  sequence identity to (1) SEQ ID NO: 1, (2) to truncated sequences thereof; and (3) to
amino acids 19-30 of SEQ ID NO: 1. As used herein, sequence identity refers to a
comparison made between two molecules using standard algorithms well known in the
art. The preferred algorithm for calculating sequence identity for the present invention
is the Smith-Waterman algorithm, where SEQ ID NO: 1 is used as the reference

20  sequence to define the percentage identity of polynucleotide homologs over its length.
The choice of parameter values for matches, mismatches, and inserts or deletions is
arbitrary, although some parameter values have been found to yield more biologically

realistic results than others. One preferred set of parameter values for the Smith-
7 .
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The choi ce of parameter values for matches, m smatches, and inserts or
deletions is arbitrary, although sone paraneter val ues have been found to
yi el d nonveobi/sidogi cally realistic results than others. COpeT/psefBsTsed set
of paranmeter values for the Smth- 7 SUBSTI TUTE SHEET (RULE 26) WD 01/81919
PCT/ US01/ 13378 Waterman algorithmis set forth in the "maximumsimlarity
segnent" approach, which wuses values of 1 for a matched residue and -1/3
for a m sn¥atchmdn akoridue i set fedh tute “beixigum senildvéty sagmbmt@lappmclh evhichle or
single am no ac VM4t er man i n of t hemat i cal |oI y, 46: 473-500
(1984)). I‘Ffé%uyf““sg@%&n I st @6&%@#‘%@%)” or g rismgiche Eé?ﬁl @sfeﬁdg‘l& 1 +
k/ 3, wher n u e 1d.).
For i not antect 3 Hferc M Aol ERE G il s deld)°QieRbal Phithedl oF
sequence oMaﬁE@ah&ll\moldgy 88:agp500 011984) .amsenioas | #hdsddlstiddsuiihdels), a:mchran
insertion of 10 3 am no acids, would have a percent identity given by: [(1
X 42 met cheeighted@g/ 3 x 18 msrratches) - (1 + 3/3 indels)] /42 = 81 %
identity "Exhibits Ia:%l_ei\itlggne i ndicia of susceptibility for devel opi ng
Type-2 diabetes, | ( refers to epidemological risk factors for
devel opi ng one or 1lgh&ethisQhe MEHE HreSATRSn a%&'ﬁéﬁ insérKof @élétﬂfnS(Idl ')IC| ude,
but are not limted to, older age, particularly 5 years or
obesity, fanmily hi sthymsfanch aebsxtqssncepﬁaat lscldlentndajl to thméﬁ\amiualasmwtwdace

ne or nore e-2 djabet atie enotype,

first-degree rel ati f es

pri or i StAYTSF OGSERLHS IS Lokt &3, 1 ’é‘Pé‘&}d FRsaRR gid anpsertion o
race/ ni icﬁﬁ r tino Americans, Anerican

| ndi antgh 3:%&’&0% |an152@£§r#ﬁ§:§lﬁ§dggﬁ aC| ‘c Islanders are at
particularly high rifkxf4Y meehe) opi/Bx 181ﬂﬁ£natdies)sases) Mor eover, | GTI and

| FG are thenselves risk factors for devel opi ng Type-2 di abetes.
"Pol ypepti de" as used(hér¥Prindeddbi4 Fcﬁlt%\xﬁf@ﬁlt}fmre amino acids joined by

tid ' Ph I
oxci pi ent i ol udes, "PRpDUs 201G SR IR, oo erPBRRE B el B2
vater, gl ygghedds, IBG)0IGT 26feRSR eRBQRPBIGH@I risk factors for developing one or

15 both of these diseases. Such risk factors include, but are not limited to, older age,

particularly, 45 years or older, obesity, family history of diabetes, particularly,
individuals who are first-degree relatives of one or more Type-2 diabetes patients;
genotype, prior history of gestational diabetes, physical inactivity, and race/ethnicity
(African Americans, Hispanic/Latino Americans, American Indians, and some Asian

20  Americans and Pacific Islanders are at particularly high risk for developing these
diseases). Moreover, IGT and IFG are themselves risk factors for developing Type-2
diabetes. |

“Polypeptide” as used herein refers to two or more amino acids joined
by one or more peptide bonds.

25 “Pharmaceutically acceptable carrier or excipient” includes, for
example, saline, buffered saline, dextrose, water, glycerol, ethanol, lactose, phosphate,
mannitol, arginine, trehalose and combinations thereof and further includes agents
which enhance the half-life in vivo of GIP, or a biologically active variant thereof, in
order to enhance or prolong the biological activity of the peptide or variant. For

30 example, a molecule or chemical moiety may be covalently linked to GIP, or a
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manni tol, arginine, trehal ose and conbi nations thereof and further includes
agents which enhance the half-life in vivo of G P, or a biologically
active vavoansidthereof, in order to enhance or prol ong thkerbsal/Bgiscal
activity of the peptide or variant. For 30 exanple, a nolecule or chem cal
noi ety may be covalently linked to GP, or a 8 SUBSTI TUTE SHEET (RULE 26)
WO 01/81919 PCT/ US01/13378 biologically active variant thereof; or the
enhanci ng Eiglegicatipnadiiveadaniant sthereefy, osi thel telrmomg| ggemt t tanGbP, administered

bi ol ogi cal |y ﬁcti ve vari ant t her.eof , DETAI LED DESCRI PTI ON OF THE PREFERRED
EMVBODI MENTSHIEH@NEgREY atith Pietitd plogically peidvectriont theta96ds and kits using G P
or AP 5 variant to determ ne whether an individual is susceptible to
devel opi ng Ty PHEF A HIFCRIFTION OF THE PREFHIERED EMRGPIVMERTYIC! udes A
met hod for determ ning whetner an 1 ndividual 1S susceptipbie to devel oping
i npai red glucose tolerance (1GTI), inpaired fasting glucose (IFG, or

Type- 2 di abet es, conPhé present ifiventianns diredted tangnethmdatand ddts tusmgeGIPOor GIP

i ndi vidual at | east one pol ypeptide, selected fromthe group_ cansisti nzq of a
gastri® iYAiaBt tt8r Qetﬁmnysewﬁ?ta@ @ty divddeal aispseicepfitie 10y dgvaloriag ¢ ype-

vari ant, of; lﬂeﬂé(s ¢ q-biopﬁgéon t hereof; wherein the polypeptide is optionally
conbi ned Wit a’pharnmaceutically acceptable carrier or excipient; (ii)
assessing the respongge testheinvostion HieRldes A\ highoP T Aét&infiainigOWhethéd hn
conparing the response to a constant; and (iv) determ ning from 15 the
conpar i sorindivéduabris tsheceptiblievioddesiclaping impaiped iglusoso telenaato tIGb), |i1@PairedEG, or
Type- 2 digbetes. 1t Is.understaod that the.above. nethad can be applied to
(ot any. Fteeliese (G do e Ralisiedoy PORIBTIIRE. 1 PORUNSPHRE ot G apf

Wi thi na Tinglvidial 9996t 'Rk pdifeptiaRiseReldy PRod k288 SoonkiSilng 9F o Etridhe
above nethod can al so be appli'ed nore 20 selectively to those who are at

ri sk for datibitopi polypépsie (GIReasles biohagiedlly dctide VilBuatiant, @x hnpicombmation | east
one indicia of susceptibility faor devel oping Type-2 diabetes, IGI, or |FG
Thus, the PBeeebnvhersi 1he RPLYRePIdRIHS ensionaily comtuneds Nith e Phacetically

le, .ati . at. indi vi dual Has.: -
i abetos, Reb @ R b exthichh, (RAhRRE LRI o e AR R dre
i ndi vi dual adiii@istratieW)e§e) céthpaaihg Meireipdused 102k cofistamt haa (W) REerm@lin®Frdof G (i n

t he context of diagnosing risk for devel oping Type-2
15  the comparison whether the individual is susceptible to developing IGT, IFG, or Type-

2 diabetes.

It is understood that the above method can be applied to test any
indi\}idual, even if the individual is not considered to fall within a risk categdfy for
developing Type-2 diabetes, IGT, or IFG. The above method can also be applied more

20  selectively to those who are at risk for developing these diseases, namely individuals
exhibiting at least one indicia of susceptibility for developing Type-2 diabetes, IGT, or
IFG. Thus, the present invention includes applying the above method to, for example,
a blood relative of at least one individual who has Type-2 diabetes, IGT, or IFG; an
individual who is 45 years of age or older; an individual who is obese; or an individual

25  who already has IGT or IFG (in the context of diagnosing risk for developing Type-2
diabetes).

The above method can be used with or without the further step of
administering a nutrient. In a simple and commercially advantageous form, the above

method simply involves the administration of GIP or GIP variant in a single dose and
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di abetes). The above nethod can be used with or without the further step of
admnistering a nutrient. In a sinple and conmerci ally advantageous form

t he abovavonssthed sinply involves the adm nistration of GErwROIA3R8vari ant
in a single dose and 9 SUBSTI TUTE SHEET (RULE 26) WO 01/81919

PCT/ US01/ 13378 then blood is drawn and a response to the QP or AP
variant is assessed. There is no need to admnister a nutrient in this
enbodi nentthen bload fisidtdwer areindb cedporsetto theh&IR on GIP ivarianti is asstssedi sftereds no n a
sinple and co rcially advant ageous form the nutrient can be in the form
of a neal ,DeARiihadministersl BEERSB g ERPAAEREY est or can be admi ni stered

I ntravenously or ot herw Nl ; 1Es i y
adm ni stered prior P@ amﬁg%é%ggﬁﬁsﬂgﬁh%@%tgﬁmﬁgﬁ ﬁlﬁ%ﬁ[?} ﬁdéﬁla%)%ﬂrﬁq é?lg#ed,
the pr ef erdogtnéroially @dvanitsgedhs! CI8E - the HoMRMEtan B¢ REthenfoihi &Y Mealf aRind® aised

i ncl udi ng carbohydrates, am no acids, |ipids, nonoglycerides,

di gl ycér i agucose r jolgrguacer itefbsor fagnt Pe agdmaigistesed ainyravenebsliiaor opthemdseof If

Car bohydrate .10 nutrjents. useful . in the present .method incl.ude he es or
pent oses, Bk dhE Mufiell™S vetsybbr A pRiRET bulf 1oE perkith SeP e
dextrose, fiMEh4s AdnBREREIOTRe preferdd hutricHRANEMBse. ANSwSPEDIcHRY Mfiridly
conbi nation thereof. Nutrients also include nutrient derivatives, such as
pyruvat e anad |tectwee, indiudihg acerbohydrateydr anmodeacidsat ilipids, nidubplyeeridesal so

i nclude internedjates of nutrient netabolic pathways. For exanple, . 15
pyruvi c actalyre! ’itﬂg]é!F‘?Fé‘%Patf@tYoﬁc’éé’r B P r cAmabIRgiom Hieredh ﬁ?‘ﬂ?‘ﬂ’é(dlé%%ve
met ho t # | ' P.Qk: ¢ l,ant
and ey i aneinE a0 bitall fFeid S Ehie hRReEbs bolfols spekife SRl bFCr
times. Howelieh, adet gliwoss)das sinemibrieabbdvee ddxktoss, Gudtosa) | @ictaded Xilitdl| ent
can be admnistered orally, enterally, parenterally, or otherw se as would
under st oodnamitoheand somitp} e @ng reongurationnthereef.abWyientst #loe in¢lnde ppeiest r ed
met hod of assessing the response of. .an indiyidual to P.o P._vari ant

i one or ENERTEr st b THSAE & Jalen WHGRY Breorcredhbele, el ce,

gl ucose, oNutRUB! AsPfindiRuUldidinRARERL bORutrichS Hiekd?)oﬁ@cﬂaﬁ{w&ér@. r 8be exfthpRNY
conbi nation thereof. As used herein, "insulin response” denotes the insulin
| evel 15n goyr@&ciacidiiv aol i@brnediaté oficabdiydraie n@td®olismi ant has been

adm ni stered. As used herein, "C e
‘ eIn ﬂqe above metgod, the preferred route of administration of the GIP or

GIP variant and nutrient is by intravenous infusion, at the same time or at different

times. However, it is understood that the GIP or GIP variant and nutrient can be

administered orally, enterally, parenterally, or otherwise as would understood to the
20  skilled artisan.

In the above method, the preferred method of assessing the response of
an individual to GIP or GIP variant alone or with nutrient is to assess plasma levels of
insulin, C-peptide, glucose, or levels of insulin secretion, insulin secretion rate, or any
combination thereof. As used herein, “insulin response” denotes the insulin level in an

25  individual to whom a GIP or GIP variant has been administered. As used herein, “C-
peptide response” denotes the C-peptide level in an individual to whom a GIP or GIP
variant has been administered. As used herein, “glucose response” denotes the glucose
level in an individual to whom a GIP or GIP variant has been administered. This
assessment is made optionally, before, after, or during the administration step. In one

30 embodiment, one or more of these levels are assessed before administration and then

after administration in order to assess the difference in the levels, which indicates the
10
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pepti de response” denotes the C-peptide |evel in an individual to whom a

G P or GP variant has been adm nistered. As used herein, "glucose
response'waenswes the glucose |level in an individual to mowsa/G8B or AP
vari ant has been adm nistered. This assessnent is nmade optionally, before,
after, or during the admnistration step. In one 30 enbodi mrent, one or nore
of these levels are assessed before adm nistration and then after . :
adm ni st ra:teisplmsém tiredEimitistraisere s Methvels dif fabessing ¢hesm lavials, edherlin thevplasia

i ndi cates the SUBSTI TUTE SHEET (RULE 26) WO, 01/81919 PCT/ US01/ 13378
response t@??@”@&‘?ﬂ%%‘f‘%{fllt@ﬁh@ 5@9%8@56‘? 26808 SHgmp e%%sﬁléi/egg er%ﬁnt’ her

in the plag iy n%% Qmﬁﬁh&noaé{a‘?r FP%§ Udullf HEIbhET At gfa%nt”setﬂ

exanpl e, Insu ersen nzyne | nMmunoassay act | nsul in

in serum aOBerpise$ ;" 578562 (2993) thstﬂlﬁtlé\belsi;WHeBﬁl% 382G (, 198papifici ailudireet
| evel s); Heding, L. G, "Specific and direct 5 radioi nmunoassay for human

C- pept |5de liadlos@rrmmassu fydianangCapeptide irpserumy’8 Dialwpedpgia (1d- péﬂﬂwﬁﬂ%)(l%é;) ens,
t al al met f.

hunmans’ i n Groptiely Kiuphs ohat o0 udfERRS B CHtheds b edstrenteRib, oty iR |

a preferr e&c{%@m‘% ﬁhﬁahhylrﬁ@w@m PRGAES 4613801588 12000) r(ﬁidhlhﬁl sécBMRInSraft) € In

assessed. This is conmmercially advantageous because radi oi nmuno and ELI SA
tests for apsdesédgombergudly giventagedus eodbodinseritj mstléay Evslseare asdesseldy This

ilable and The pl | | d aft th
2dri ni st r o] GHPBFTC{ly VBIIgRCO PSCgUe BB CRD ELLIA L KhlS 16T GOSSSTIAG os
af ter gnd e%g;{é, ng,tyi g{ogaqgguym%{{geé}g%?a& #7?11 Hgé IQI#} {}% eggnlgn admi ni stration. In

a preferr ment, a ca ace ividual and the G P

or GP variant is adﬂhfﬂpliismlaelévélhrawgkseﬁded afek B¢ admidsicatidness iz GiPod is
drawn through the sanme catheter, the catheter being suitable flushed,
opt i onal | yGIR wanis veseferably wikhin S0 ainvéestster anﬁéncrre@mfﬂ@bl}t withizeabout 15

adm ni stration i ared to a const ant The can ant is a,Iu whi ch
e oea 1 ootibles Tk FRRLERaiSh, n1n ASEREHER" sbodiEn SRt i piBretnte o

above is SintihddaP and live aipfRrem vér'ia‘i’lmﬁ B@muﬁ@éﬂé@ rtﬁl%u@ﬁ the 28th&er, ”ﬁ:{d then

i ndi vi dual .e., an individual who has a nornsal non-r educed

r esponkse. blbud ais sdrapine throngh thh esanwn sathater ¢ dine bathete hcmghsmtabtc ﬁhlahedof t he
response of a opul,.ati on of individuals that do not have reduced | evel s of
c- pepti de WHODALY)| IR PeRYeen; ner eased | evel s of gl ucose after administration

of G P or GP variang tﬁ@qngleul‘ﬁ%Sd, the response to the administration is compared to a
“constant.” The constant is a value which is used to determine whether the response to

the administration described above is significantly different from the. response of a

20 normal individual, i.e., an individual who has a normal, non-reduced, GIP response.
In a simple form, the constant can be the arithmetic mean of the response of a
population of individuals that do not have reduced levels of c-peptide or insulin or
increased levels of glucose after administration of GIP or GIP variant and glucose.

The constant can of course be more complex in a mathematical sense as would be

25 understood to the skilled artisan. The constant can also be more complex in the sense
that it can based on data from particular sub-populations of individuals, where the sub-
populations are selected to provide a more accurate control for the test individual or
individuals. In a preferred embodiment, the constant is predetermined, meaning that

the constant has béen calculated prior to the administration of the above described

30 method.

11
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The constant can of course be nore conplex in a mathematical sense as woul d
be 25 understood to the skilled artisan. The constant can al so be nore
conpl ex iwobhgl9sense that it can based on data from partPCDU&01/13378

sub- popul ati ons of individuals, where the sub- populations are selected to
provide a nore accurate control for the test individual or individuals. In
a preferred enbodi nent, the constant is predeterm ned, neaning that the
constant has been calnctheabede meitlood, tthe {*Heteniming S¢p ainvolvesfa ¢dmepasison ®f
described 30 nmethod, 11 SUBSTITUTE SHEET (RULE 26) WO 01/81919 , |

PCT/ US01/ 188 765PRse petha fiesied wgtvm,l O H@l""lé‘éagl% iCREsaRieARd 4 drfemaation,
conpari so t b ALOH: Ve o) TN ale 'AVA, : t he
conet ant - st o e bARRRRDG, Bt whifhch A3l Eted BRHUR T iREnIII A BUBEBrifE
tested i ndiovileheripity IGTIIFGY Wl Bypes2 el | bl @ sitrpled €ored, Ohe N@athérhatiddf G, or
Type-2 diabetes. In a sinple form the mathematical 5 difference between

t he respondiéfersince hetwees thedrespaiise jof g tegted iimdividnal gl igdinidualsranddbe sorgtant | s
cal cul at ed. an hi unt is conpared.to a second constant. The second
constant  anealid R imainGS PRRGEAP DerBar Bongly ot sceohf rERIS0Y e
mat hemat i CRbres@id f £ RMMRr COF HESROBESURbAE WHARE! iPthd alHose WnhiAbRatile T age
of nunbers of the second constant, the tested individual or individuals is
det er m neddifferdnee sosespphdbioethe aufibed ew &l pritign HETiage BGnumberFyiehe setioadbet es.
In a preferred enbodi nent, the second , constant i ﬁ%§d§% rm ned, . nmeani ng

that the sewstBtclssicsied Hlvigeal not dpdiyidapls gisp ﬂ?@?m € a¥HsPTREbiS 40 on
f th b tbed t . | . Wl
means 1E° LESRPRRIGTI 1, OF ryoels RisBLfeL Sl h°8 (Eoteth Baillodio iy HoBhED

nmeans i ncl ¢shetadt BOprREEtEmived, Clicdrfing fifat Bieogicandrechstnt ak ®eéh caledlanee prior
described cal cul ations or a table, chart, or other simlar device which can
be used t otodh¢ adminisiesitien of thecabwyp dessribed methadst and second constants or to

k he ab d | bed l.cpl af i .. Co . | cul at i I b
Tade on an i nt er net 1 PETGFOLTAPYEREY. AMERTng ek Bohdd B Ff PuBe

dat abase f@éterﬁﬁﬁih@g_sté € E@tﬂfﬁﬁles cad ﬁé‘t'(eﬁhinﬂ{gs meafls anAL&S @r 'E:@ﬁp@t@?%iﬂl? s, a
dat abase is used which is stratified by age, 20 gender, ethnic group,

wei ght15 geprogyanemedatodmattcnihe abavt desstibatheal@ildtions en e iatjepebagtt boothar sindlast ant ,
i ncl udi i t abl , | ected d di th

Lﬂgr gclt Q?i &vﬁ%lswl%gh %@1;, gg %gﬁsgl' t\qfan ye ﬁgqgﬁq Sﬂg{r ¥ _laetg fllrsnt%ng r;econ?i constants or

to make the above described calculations. Computer calculations can also be made on

an internet site or similar venue, which contains suitable database for making the above
calculations. In a preferred embodiment, a database is used which is stratified by age,
20  gender, ethnic group, weight, genotype, and other factors, where for each population a
constant, including a suitable ranges, can be selected depending on the characteristics
of the individual being tested. |
The present invention further includes a kit for determining whether an
individual is susceptible to developing IGT, IFG, or Type-2 diabetes, comprising at
25 least one polypeptide selected from the group consisting of a gastric inhibitory
polypeptide (GIP) and a biologically active GIP variant, or any combination thereof:
wherein the polypeptide is optionally combined with a pharmaceutically acceptable
carrier or excipient, and at least one means for determining whether the individual is '
susceptible to developing IGT, IFG, or Type-2 diabetes.
30 The term “kit” refers to a one or more containers or one or more

packaging materials used to house the contents of the kit. Preferably the container or
12
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The present invention further includes a kit for determ ning whether an

i ndividual is susceptible to developing IGI, IFG or Type-2 diabetes,

conpri si Mo a1/81925 | east one pol ypepti de sel ected from t hePQT/OeQ/1B38T8SI St i ng
of a gastric inhibitory polypeptide (@P) and a biologically active AP
variant, or any conbination thereof: wherein the polypeptide is optionally
conmbined with a pharmaceutically acceptable carrier or excipient, and at

| east one PASKAEING sraterial SFQNidasAyStaKiles Rentammant fee oRvirpamens and prefergblybhe t o

devel opi ng, . . - i es. Th rm kit" refers to.a one
or nore cglﬁlk gglﬁae1¥1§§%? 8%%1-(!,;}(%&5%%&%0%93&;0‘%56&?1%6 Oﬂ’éf)é R ‘%ﬁ%gﬁ’ ﬁog?ﬁ?gsu%fgth? he
contents otittd&ri dut thE shRicalekoridelendRedsal ner or 12 SUBSTI TUTE SHEET ( RULE
26) WD 01/81919 PCT/ US01/ 13378 packaging nmaterial provides a sterile,

cont am nant free envinwafundrer eaiwdpnertt cthallit inchides ki teastoonteaiymimge vatloGIPor e

i nstructions r di.recting one, on_how to use fhe contents of fhe kit~to
carry out ?rhé:t'lgbB%arﬂeser %b%ﬁmh’ﬁf‘ﬂ%stherleﬂga {Ur tharovedeho r%n{o,r EFAONNE ¢

i ncl udes ?%)i)lﬁﬂ%d’ W Be$ Ean%%eW Jvﬂh,qr?g leyé;i‘n 351’0 %iﬁf?v 8t gﬁ% a lgtgxid"f(ﬁﬁﬂbirﬂgti on

t her eof : In powder torm for exa I ze reconstituted
with, for kikaapleithers ddcluwde, opmof Zclude a dutdentd [wram erdb@limknt where ¢het kier
include or, not include a nutrient. In an enbodi mrent where the kit includes
a nutri entincldes i putriget, (fhe skihtingladest atojeasts pne SHENED SORPHIRE OBA 0o MOFBT €

To be- 10 PRAEHE: PR\ ERRSse, ) b HeBRUE Somny TP chftopts) BB eed PBoBy o~
stabl e|d i orebshstitidd with, forfexhmpR! sAHROE (P33 a saitablldkstableligdfl fofml NSt al  ed in

the hand or other |location o an'i ndi vidual and, if nutrient is to be
adm ni stered, a gl udese fanthestdnehodimenty aedtV slind isgmsiaiedliis ¢heahgredor nther t he

I.V. line and.then a . GQ.P.or GP variant syringe.  is discharged into_the
line. Aft elpcgloélu?f?%llghf’}dﬁél iaﬂ‘{:e’rfv%ﬂt’flelﬂl 509 Qg agpupfsicreom EHEOE /F OH8T | ne
to obtai n GiRERIVARee ISkl i ke L de,
i nsulin, o@ g‘ﬁﬂgs%e gﬁ%eﬂva etﬁigitEl te(ghlg(siggglsdée%@e%e%%g@eﬁ t&\é gtvgiﬁl%&nsgﬁ%%t her
t he i ndi viddidcharged fus tleplind)| Aftepa deivebloimedntbfshl, B166d isatrady fieon2 il BWet es.
The kit further includes, at | east one neans_ for determ ni ng whether the

i ndi vi'dual lnestosabiain fr-pentide; insakin.erraginenge fevrls. Thelevsls qfpeeptidn, dpudias or The
SESPzeajmi éﬁcogg f\sffr nglglea%%()\ég FRribdd° LH&’V% f Cd@%ﬁ‘ irg’ wﬁa%%%%? 'thé rin&fvﬂﬁx&l ¥ Lar
susceptible to developing IGT, IFG, or Type-2 diabetes.
The kit further includes at least one means for determining whether the
individual is susceptible to developing IGT, IFG, or Type-2 diabetes. The means as
20  described above can include a chart or table, or other similar device which can be used
to quickly select the appropriate above-described first and second constants or make the
above described calculations. The means can also include software or a database for
making the calculation or other similar electronic means. The kit can also include a

password or other similar code which enables a user to log on to an internet site or

25  other suitable venue as described above to make the calculations described above.
EXAMPLES

It is understood that the following examples are illustrative and non-

limiting.

Study Protocol

13
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to quickly select the appropriate above-described first and second
constants or nake the above described cal cul ations. The neans can al so

i ncl ude svdowee or a dat abase for naking the cal cul ati orRCDUS@138T8 Si mi | ar
el ectronic nmeans. The kit can also include a password or other simlar
code which enables a user to log on to an internet site or 25 other

sui tabl e venue as descri bed above to nmake the cal cul ati ons descri bed above.
EXAMPLES It is undethd stody pioaocol was fappiowed hy thexethijek eemariticd of the tmeslidale and

- limtij . Study_P | .13 _ SUBSTI TUTE .SHEE RULE 26) WO 01/81919 -
E(c):-?/ USIOrlr} 1%3'%@ o‘f‘rlﬁ@ygpﬁﬁ %%f%&l% dochpg, é?ﬁp@B‘iﬂedlnggg &(r%sté%tmnc%u) RRgT ltlf%e of
th di . e - Unj i 1.4 98
(Fegert anidts thd duly. Wfedhiforkdoh (6h3ht Yos BORUT M ot Bobrlcipat ™S

was obtained fromall participants. Subjects 5 Ten healthy control
subj ects, Subjectype-2 diabetic patients, and 21 first- degree relatives of
Type-2 di abetic patients were studi ed. Subject/patient characteristics are

presentled in Tabl e 1Terrhealihy sopolattdectsattehdype-drdiahetic nabientss gnd Jhdirstage.

Non- di abet j artkcipan Sup] ed_to_an al ose | t est
(75 g polrRnehEE b HRhEAS e o el et B e VAR e
det er m nat dippaclQistits &@Rrédedted il TUBRSIE The grbighsiWErt inldctdabe sé) $bdsy, Bhd
after the ingestion of 'glucose. 1 subject with diabetes was excl uded from

t he group age. r Nbmidiabetic particimmatst Wgrecuhfectet to smhjrelcglucosartplerancs ttest ¢7V5 g;
second-degree rel ati it e-2.di abet es were excl uded. b hi st qr
Corne (EoReengetty TF, Mol Dibodi, Shtuhanh GormPRD MG hegeeiaiBirh, 15

measur frendScplilasy gpﬁfigg@#;@ ; ginggétﬁ@'an@ﬂéo%ﬁrgf&%lt & RRER3 o g@&@g@t £rs.

Spot uri ne S sa eterm nation of al bum™, protein and
cr eat i ni nesubjecs twdthd diatletesratal aksludéd drona thd groayl obrelatives2 T déglthyacontrol
el evation in_ liver enzymes (ALAT, ASAT, AP, y-GI) to higher activities
t han doubl Bibjests, aBY fust oy seepndraegregalelptives withel gt dinbeics y1qraenguded by
concent ratlggtgi’%fﬂ .5 nmg/dl) were excluded. One female first 20 degree
relative h n vated y-GI activity (90 U1, normal < 28 U 1), which

nmost From all participants, blood was drawn in the fasting state for

15 measurements of standard hematological and clinical chemistry parameters. Spot urine
was sampled for the determination of albumin, protein and creatinine by standard
methods. Anemia (hemoglobin < 12 g/dl), an elevation in liver enzymes (ALAT,
ASAT, AP, y-GT) to higher activities than double the respective normal value, or
elevated creatinine concentrations (>1.5 mg/dl) were excluded. One female first-

20  degree relative had an elevated y-GT activity (90 U/l, normal <28 U/l), which most
likely was caused by cholelithiasis. Body height and weight were determined and
waist- and hip-circumference were measured in order to calculate body mass index and
the waist-to-hip ratio, respectively (Table 1). Blood pressure was determined
according to the Riva-Rocci method.

25 Five Type-2-diabetic patients had been treated with diet alone, and 5
patients received oral antidiabetic treatment (glibenclamide, 3,5 mg/d, in 1 case,
acarbose 150 mg/d in 3 cases, metformin, 1700 rﬁg/d in 1 case). None of the patients
had been treated with insulin. In these patients, the usual antidiabetic medication was

withdrawn the day before the study.

30 Study Design
14
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| i kel y was caused by cholelithiasis. Body hei ght and wei ght were determ ned
and waist- and hip-circunference were neasured in order to cal cul ate body
mass | ndexoansiivie he wai st-to-hip ratio, respectively (TabPer/Upo1/BB0d
pressure was determined according to the Riva-Rocci nethod. 25 Five

Type- 2-di abetic patients had been treated wth diet alone, and 5 patients
received oral antidiabetic treatnment (glibenclamde, 3,5 ng/d, in 1 case,
acar bose 150 ng/d i nAB passdmantarwerfecstudied o Ro®onthrek oavagionsise). None of the

patients had been treated with insulin. In. these tients, the usual _-
anti di abeti c nedicat nga SCHCEIHAE XU AR OT £lu9ss Ilerangeates; Wagper %ﬁmgfludy
Design 14 . Y

part Lo pan ?&“f*i%ﬁie%ﬁﬁ%@o@*ﬁ#@%ﬁ%&%@%&%@sEﬁéng%@% E Rl

visit, an gurahetgtsuweresciedned arlf subjests mi@she eudhwsicredritekia, ddy wetlej rectustet t h
unknown oral glucose tolerance in the fasting state, and | aboratory
par ametder sfofdiecseseieéfled. |f subjects met the inclusion criteria, they were

ited 5 for th \ i
et ondy capi |1 ary TPhemA tperaicsd sholl BSC RtRER § SR Raptiihy, Bafps)
was start egdubite 'cBh&‘ﬁEﬂaﬁ&l 607% hupoERI0 Iﬁgldﬁ e sy icHgia0e dicose

i nfusing glucose (20 %in water, weight as appropri ate based
gl ucose dedsernbolag mmdsmmtamcdrﬂ:y anfesing 5g1uwse @0or% 3ih wated0 Wsﬁglm(w,l) gast ri c

i i st o BRI G ST P EOSSACE R BEOH ReA0ETEY 2370 btk REORS0iho8. (o)
Six sufy e (géstﬁgfgﬁll%ﬁlﬁigo&% jﬁkﬁd@@u%@ dééernﬁéntqﬁﬁﬂﬁs rBﬁ%éHeEt\f(fe) GIP Pvas h

part|C|pate cemc c eri ne

the adm nidsiinBter@hindfv@iodskn ah isfusiod rat oGIZR) I)mbhkgnlrﬂlﬁrl to judge the
insulin secretory 15 resg}dnse to prol onged hypergl ycem a al one. Peptides
Synthetic G P was pulcthasdid subiseted yimalthy gentrelporndt ong diystagpgree relative)

et popt | LSRR vihsihag. $%0g AR OoiBrBLRAE bR PRI Wi N

% human  administration of placebo instead of GIP)) in order to judge the insulin secretory

15  response to prolonged hyperglycemia alone.

Peptides s
Synthetic GIP was purchased from PolyPeptide Laboratories GmbH,
Wolfenbiittel, Germany. The lot number (pharmaceutical grade) was: C-0229, net
peptide content was 80.3 %. The peptide was dissolved in 0.9 % NaCl/l % human
20  serum albumin (HSA Behring, salt poor, Marburg, Germany), filtered through 0.2 pm
nitrocellulose filters (Sartorius, Gottingen, Germany) and stored frozen at -28°C as
previously described. HPLC profiles (provided by the manufacturer) showed tﬁat the
preparation was> 99 % pure (single peak coeluting with appropriate standards).
Samples were analysed for bacterial growth (standard culture techniques) and for
25 pyrogens (Laboratory Dr. Balfanz, Miinster, Germany). No bacterial contamination
was detected. Endotoxin concentrations in samples from the GIP stock solution were

1:61 EU/ml.

Experimental Procedures

The tests were performed in the morning after an overnight fast in a

30 supine position throughout the experiments with the upper body lifted by approximately
15
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20 serum al bum n (HSA Behring, salt poor, Marburg, Germany), filtered
through 0.2 gm nitrocellulose filters (Sartorius, Gottingen, Gernmany) and
stored fvoaens®t9 - 28C as previously descri bed. HPLC prof PCRES§p136%8 ded by
t he manufacturer) showed that the preparation was> 99 % pure (single peak
coeluting with appropriate standards). Sanples were anal ysed for bacterial
grom h (standard culture techniques) and for 25 pyrogens (Laboratory Dr.
Bal fanz, M0fst éFwo GereuemyyeinNwvedraquactuedd eitht anefiat camulavidlogiited2ad 18
Endot oxi n concepjrations_in éarrpl es f@gcfm the QP stock solution were 1:61
it

EU m . Exp8iUshetV8PLr RCcher G6rman) &eie PECHePHiBE b8 Ton Nafd (fR5r Rlosg

G th the cnptind dnd'(BF plcfisCend re W ARSHS, (Bbebeil B gk 56 ©
WD 01/ 8191ﬁamyﬁdﬁﬁﬁ1/ch&3{g8ﬁn81@6n® (N'Mﬁv&ﬂiﬂ%ih@fg@ﬁ%bdﬁ@lﬂﬁ pigngtured with a

tefl on cannul a (|VbSkItO 123, 18@@gau ge, Vygon, Aachen, Germany), and kept
patent using 0.9 % Né@ﬁr Qtab\flng)b blogéﬁmqmgn%atd F5omdy) mimsat (min bplus

aren . 4
Bl nal gon(r§! %ﬁ%ng\mﬁ%ﬁ Vi Weighllyrts s8RdR te JReE SHRTHT HteEL
bl 0ood - specidmasradtons ' td57 8NFntbI/I 'Thea&os@ Wh baseaobﬂsthe %stﬁ%o/%%fﬂﬁ Ogiﬁcéslen

wat er wei ght/vol) was adm nistered to elevate capillary g
concent r at ¢capaenttationy add rowdy /weighth eTchs emvmrammasi infusivheoff glstdse @Opleatima
Then, an intravenous_j nfusion of

| t db
ol icose 20W0TH HHZIATEY W ARetaiea A W%neéitaérat B 40 2FSIe AT PR o ¢
et ] Ve el R BASOTS, SOBSATING! OB S G
(2.0 pnol #eusion 6f Aum@s sarksie @Ild(mlpﬂio&lkgélﬂuf 'owasbBeguili aﬁnd(rhﬁhﬁmeacfoffboh

Perfusor secura, Braun Mel sungen, CGernmany; diluted in 0.9 % NaCl with 1 %
human ser Uit (I8 A9 mke, Benfﬁl&ﬁ)rlsnwayar@n Mebsyn@ngl(ﬁn@a@@ymdéute@len@r%%ed in

100 | d f
rates and NIGEET TS Bphs Mg GThEaEr At doBimdRervIG g ghiBrOaE”
cal cul ati oget&imihdiein POPHNEapAiarg|sB@pRSE dkml’ﬂ%ﬁh aiBtAORbSP Y BASse infusion

15  rates and time points of changing it were recorded in order to allow a calculation of the

amount of glucose infused.

Blood Specimens

Blood was drawn into chilled tubes containing EDTA and aprotinin

(Trasylol®; 20,000 KIU/ml, 200 ul per 10 ml blood; Bayer AG, Leverkusen, Germany

20  and kept on ice. A sample (approximately 100 ul) was stored in NaF (Microvette CB
300; Sarstedt, Nimbrecht, Germany) for the immediate measurement of glucose.

After centrifugation at 4°C, plasma for hormone analyses was kept frozen at -28°C.

Laboratory Determinations

Glucose was measured using a glucose oxidase method with a Glucose

25  Analyser 2 (Beckman Instruments, Munich, Germany). Insulin was measured using an
insulin microparticle enzyme immunoassay (MEIA), IMx Insulin, Abbott Laboratories,
Wiesbaden, Germany. Intra-assay coefficients of variation were ~ 4 %. C-peptide was
measured using C-peptide-antibody-coated microtitre wells (C-peptide MTPL EIA)
from DRG Instruments GmbH, Marburg, Germany. Intra-assay coefficients of

30  variation were ~ 6 %. Human insulin and C-peptide were used as standards.
16
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Bl ood was drawn into chilled tubes containing EDTA and aprotinin
(Trasylol(r); 20,000 KiIUm, 200 | per 10 m blood; Bayer AG Leverkusen,
Ger many WwWOousdikept on ice. A sanple (approxinmately 100 POTWaE/S8red in
NaF (M crovette CB 300; Sarstedt, Nunbrecht, Gernmany) for the imedi ate
measur enent of glucose. After centrifugation at 4C, plasma for hornone
anal yses was kept frozen at -28C. Laboratory Determ nations 3 ucose was
nmeasured using a gl Rossuliniwiasecasstd osingiatdonendEtiallp swailable BhESA §RAKD

T SRRV B Il T e
Labor at or ' Sinsull ‘%? ’anc?% Q%l 313'}%&&&‘1% EYOO?OF‘C e %c‘?ighsiuﬁ@ v)’agrk@% on

were 4 % peptl anti y-coat e

m crotitrepmes/.| slmfz(;asseptcbdﬁci‘éiﬁ?bf {z‘drih)uonfwasre DRG.T 161 interedstsy éaebfitied@obur g,
Germany. Intra-assay coefficients of 30 variation were 6 % Human insulin
and C- PeptVagatige wsre3&d &8 Bt andards. 16 SUBSTI TUTE SHEET (RULE 26) WO

avai I abl e ELI A (Dad B graebrbue dE breBaR foatprobd, ailfnk o o

Cross-reacdss (fifal [ilgRbn i: 15@50@5;)andp§3@mﬁuluuma§ﬂ@fp %r, tradd piBpdratidn3daddy

proinsulin (100% . Detection l'imt 'was <O. pnol /. Intra-assay coefficient
of vari at istandass TBhe expeFirerial detﬁctlon hﬁsiaya&:e’eﬂfprmléntkntmbrurs Rv@Y buds ¢t wer e
3.6 - |.R-d.P d ned as previously described (26), using
anti ser umtgenB@p((rflf"Hm?sl%ﬁ ﬁ) 0113150 000) and synthetic human G P for

tracergpreparation a%qggé% a% Ig% RF D&ri ibge‘;]éﬂge,ntg?é ﬁl@éraggyo ekﬁéf}ﬁts was <

1 prol /1. Antiserum portlon o]

I nt r a- assayf vagiafibn Gepnksee, variation were zt; 8% inter- assay coeffici ents
of variation were < 6 % |R-d ucagon was rreasured usi ng porcine anti body
4305 in ethanol - extIlRaGﬂlEdeﬂ mme@yrqdr @Mﬂ@lmfylnée&m}bpﬁjéd"ﬁ@ﬁ?m etfiarol-

detection |imt ay.coefficients of variatign were
6706 | neathied ifabe e RERuY grRbRY LEPONTES S il Vesare gt s
Intra-assay coefficients of variation were 6.7 %, inter-assay coefficients of variation

15 were 16%.

Calculations

Insulin-resistance and B-cell function were calculated according to the
HOMA-model (28).

The calculation of the insulin secretion rates was performed by

20  deconvolution analysis (29, 30) using the software “ISEC”, version 2.0a, kindly

provided by Dr. Roman Hovorka, Centre for Measurement & Information in Medicine,
Department of Systems Science, City University, Northampton Square, London, UK
3.

Statistical Analysis

25 Results are reported as mean + SEM. All statistical calculations were
carried out using repeated-measures analysis of variance (ANOVA) using NCSS
Version 5.01 (Jerry Hintze, Kaysville, Utah, USA). If a significant interaction of
treatment and time was documented (p < 0.05), values at single time points were
compared by one-way ANOVA and Student’s t-test (paired analyses). A two-sided p-

30 value <0.05 was taken to indicate significant differences.
' 17
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I nsul i n-resi stance and B-cell function were cal cul ated according to the
HOMVA- nodel (28). The calculation of the insulin secretion rates was

per f or reaw®y1/82® deconvol uti on anal ysis (29, 30) using thecposenmass " | SEC',
version 2.0a, kindly provided by Dr. Roman Hovorka, Centre for Measurenent
& Information in Medicine, Departnent of Systens Science, Gty University,
Nor t hanpt on Square, London, UK (31). Statistical Analysis 25 Results are
reported aReswian SEM All statistical calculations were carried out using
r epeat ed- neasures anal ysi s of_ variance (ANOVA) using NCSS. Version_ 5.01
(Jerry Hintze, Kaysvipigaring Jypergiygacmig %la%ngrﬁXP?fé‘iﬁ‘%tsi @y A0 Jritheut

t r eat ment ' - I : We ints
were comparBa sy SHE & ST BT Heple, 4f8, HERT oG S IRLRO 1)

t wo- si ded IgghdQovadritatiohs ARnVGIP thak efthtpladebdi(@1Bhe<SiaPILf.i Tasidifférbices émces.

17 SUBSTI TUTE SHEET (RULE 26) WO 01/81919 PCT/US01/13378 Results

Conpar iSng in{ageated inseamental gpspopses hebydesAperiments wathcangdi wieant cxegesgenhold G P
in 6 subjects t‘i suh'bn C-.peptide,,and i ngulin secrlletioq igcre&:s%\g to

hi gher con®SFaiad | BHe e BRI A ROWEED, 088 Falips 2td>0 a8 ) oY THE?

di fferenc | | | REF t S &ﬁﬁg\%{h AeteBRined W t h
and wit hoﬁ@y gggéﬁ%fggﬁ@eg%%r@ﬁ:glggfﬁgd%ﬁ ?ﬁg&i%ﬁ}(,:renent S gg]fbeween thgd mean
val ues at diFimenthe3ékperimen{shyjikrexbgerems GI® Gnellinand” a 005323npl 900.89% C-

e o A, T GG i e A 5 TR
i i i . = . = . gl d
possi e ¢ CROPEISEE: it npocanth BORinte o Sudke WS imsot o i icRbR of GIPBRRRIGEC

exper i nentsifigeeapdrimedi(d@hiwiny shdwn)conpari son to heal thy control subjects
and first-degree relatives, Type-2 diabetic patients had higher fasting

pl asma gl ucose and HBAr@npwi®antor ealthys contpnlt subjssés apifishaesses delativesnd
tini tiorn T 1 Th 15.si i fi .
G 17 or encoliin GpeRt Pkt FRb biEnek frsrBE PR ShiRe 1R e i Hlraponss,

but lower HDL cholesterol and creatinine concentrations (Table 1). There were no

15 significant differences in any parameter between healthy control subjects and first
degree relatives (Table 1):
Type-2 diabetic patients were hyperglycemic in the basal state (Fig. 1
A). Steady state glucose concentrations did not differ between the groups (Fig. 1 A).
During the infusion of GIP, similar steady-state plasma levels were determined in
20 healthy control subjects, first-degree relatives, and Type-2 diabetic patients,
respectively (Fig. 1 B).
Basal plasma insulin concentrations were significantly lower in
normoglycemic relatives than in hyperglycemic Type-2 diabetic patients (Fig. 2 A).
Raising plasma glucose concentrations to 7.8 mmol/l (30 min) (Fig. 2 A) increased
25 plasma insulin to similar values in healthy control subjects, first-degree relatives, and
Type-2 diabetic patients, respectively (Fig. 2 A; p = 0.29). In response to exogenous
GIP, plasma insulin further increased to 39.5 + 7.0, ‘by 26.8 + 2.6, and 21.2 + 4.3
mU/I in healthy control subjects, first-degree relatives, and Type-2 diabetic patients,
respectively (Fig. 2 A; p = 0.031). The insulinotropic response to GIP, as judged by
30 the A (after minus before GIP), which is a measure of the secretory response to GIP

corrected by the response to hyperglycemia alone, was significantly lower in Type-2
18
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degree relatives (Table 1): Type-2 diabetic patients were hyperglycemc in

the basal state (Fig. 1 A). Steady state glucose concentrations did not

di ffer bavowssidthe groups (Fig. 1 A). During the infusi oPCDUS@/B378si m | ar

steady-state plasma | evels were determned in 20 healthy control subjects,

first-degree relatives, and Type-2 diabetic patients, respectively (Fig. 1

B). Basal plasma insulin concentrations were significantly lower in
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EE: 3 3 ﬁ) mﬁtﬂe} g@sﬁpfgﬁlﬁ%ﬁ - Fh qrothg.lﬂ%uﬂlarswr&rﬂagsraﬁe%aﬁtéﬁo dont roI
subj ect s, e{alﬁe(ss}:vg?fg 28?%11}:182111%15" Y@%ﬁr ﬁ?dﬁrst- eezrqutltmgt {h%npﬁf "f%%_\ﬁa dlaqetlc

respectiv response to exogenous

insulin fusdiests. | B&veas @Gntidl saBjebts and Ghe Bystgree-rélafivesdidwier? théte 3>verHU/ |
in healthy control subjects, first-degree relatives, and Type-2 diabetic

pati ents, siguifipant tduﬁf@rleyce(s Ffmgtheznwlmpseereoomsatms (p Th8.0285butrmet fasph énstlBponse
to AP, as,judge

(r)]f t heI sectPeto ylg? é’ép%rfs@eﬁ Ble(é’af t@@ﬁﬂec#ﬁﬁ‘? ag(fﬁé)’[ﬁggng)slﬁgﬂ‘h‘arBes?)ogsegelgzur ©
THT HEET
(ROLE 2ty st B 357 YRRl kA ateq BT Kebully REnéanend hugigtis) 7 il o o0
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C peptide (Fig. 3 B), or the |nsuI|n secretion rates (Fig. 3 Q A- values
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0.022), bufecR@onres Aelb {:'lcﬁver(% % &nﬁ@énc@rmtérx% PERL 8 0.061).

However, judging I ndivi responses In relation fo 9 %confldence
interval s based on t%enmpﬂemng B dfeﬁadetﬂe;oryubgpemes asa pmtenndge luer efl thei ves
had insulin values totally below the ower normal |imts (Fig. 3 D). 11
rel atives THERN CONSBHLILIABS © éﬁﬁéé@‘ﬁ indthe @ﬁgtr%%lmepsﬁ Bardiged petiyly W%B’F?ﬁ?fﬂéﬂce

| nterval fﬂfst-ﬁ%g/r@é” 1vessu11i’1j &8 s ﬁa':' sQatee(m@l in25 1 % %S epéée %'o@rt vgs were

char act eri sed i Asul'i n secre rates bel ow*t he % ccrn i dénce

intervid (inb@lin secfetionVWe3ntex %)eaﬁddiglyﬁe@@ldmls esﬁcﬁtl@ﬂsy(lsmnﬁ §Hsal$n:a 79
per cent age val ue of the nean concentrations observed in the control

subj ects, # Td&ducagpade:i 09 tdy Suhs ippulissperetion 53 + 7 %), as well as in response to
exogenous GIP (75/90 min) (insulin: 77 + 7 %, C-peptide: 62 + 6 %, insulin

secretion: 65 + 6 %). After GIP, these numbers were 61 + 13 % (insulin), 61 + 11
% (C-peptide) and 50 + 10 % (insulin secretion; details not shown).

20 Basal proinsulin concentrations were significantly higher in the Type-2
diabetic patients compared to normal subjects (Fig. 4; p = 0.049) and to first-degree-
relatives of Type-2-diabetic patients (p = 0.012). The difference between normal
subjects and the first-degree-relatives was not significant (p = 0.16). Expressing
proinsulin as its relative proportion of insulin-like immunoreactivity, significantly

25  higher values were found in Type-2 diabetic patients (26 4+ 12 % than in the first-
degree-relatives (12 + 5 %, p = 0.0067) or healthy subjects (16 + 8 %).

Glucagon concentrations in the fasting state did not show any significant
differences between the groups (Fig. 5; p = 0.26). Hyperglycaemia induced a
reduction in glucagon concentrations in control subjects and the first-degree-relatives,

30 whereas in Type-2 diabetic patients the values did not change significantly. With
19

SUBSTITUTE SHEET (RULE 26)



first-degree relatives in the fasting state (insulin: 75 8 % C-peptide:
60 8 % 15 insulin secretion: 63 8 %, under hyperglyem c conditions
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(Fig. 5 PRexfstéli #Bchis fYRRS @ ¥Cc@oBj.2 i nduced a reduction in glucagon
concentrations in control "subjects and the first-degree-relatives, 30
whereas in Type-2 diabetic patients the values did not change

si gni fi canPisgussiht h 19 SUBSTI TUTE SHEET ( RULE 26) WO 01/81919

PCT/ US01/ 13378 exogenous P, glucagon concentrations continued to decline
in control subjects § a§ %S%tp-a%e%' E%J?S@flﬁ?tl’f%% ,C%LSE& md?tdﬁﬁ%fta SPREIGEP |

Type- 2 di g Lent S ﬂéﬁ' E)T H@@a | M8 J eV,

si gni flloga?l@%%fi?%rg?gﬁgﬂg‘?i% ge%splabsec et?e(li)kfsy %szc% %;ggbgefl\)/\hésreﬁ St%ﬁkelglggdggps (p
=0. 27) . Typeli-Zecwdpaibed i ghepsdyprRnNubnomialty e ETyfe-2 Ndibbdtic petdmss M 24haps).
control subjects (p = O. 034§) and first-degree-relatives (p = 0.022).

Bet ween cofeqosding (ipjtlee presem ¢tudys shis dedyeed insalingtrapie efect N miPr preegstes any

O e R Db B E T ok s U PR Pl
first-degrfendded Abrny2 r ¢ ohéRAbRBcHaABBpifedidthl SRESe(bleftiice2 and 3). This is
simlar to a well-recognised phenotypic abnorfrality in Type-2 diabetic
patierltss (7, 24, 25)The Atistoibdfiony ¢fo indubinpsesenty stesphnses Hos theedmogehous

i nsul i notropi.c, effect of QP precedes an . .
tnSut ad?rllimstratlon of (£IP sugggsts that approx%/mately 50 % of the first-degree relatives

show a normal response, while at least half of them respond very much like Type-2

diabetic patients, i.e. with a markedly reduced insulin secretory response towards GIP
(Fig. 3, right panels). This proportion is similar to the percentage of first-degree
20 relatives of Type-2 diabetic patients that ultimately will develop diabetes mellitus
themselves (22). The present invention therefore comprehends that a reduced
insulinotropic response after GIP is an early marker of a predisposition to develop
Type-2 diabetes. The present invention further comprehends that the reduced
insulinotropic response after GIP also precedes other metabolic disturbances
25  characteristic for Type-2 diabetes like insulin resistance (32, 33), hyperproinsulinemia
(34, 35), and diminished B-cell secretory capacity (15, 18), as none of these factors
was present in the first-degree-relatives in the present study. Along these lines, the
present invention contemplates that a reduced insulinotropic effectiveness of GIP is an
early marker that characterises an abnormality of B cell function which might

30  predispose to Type-2 diabetes.
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clinically relevant disturbance of glucose tol erance, because the
first-degree relatives all had a normal or (in one subject) an inpaired
oral gl uoogel/swherance. 15 The distribution of insulin sSePCRUSIYIIBBWSpPONSES
to the exogenous admnistration of G P suggests that approximately 50 % of
the first-degree relatives show a normal response, while at |east half of
themrespond very nmuch |ike Type-2 diabetic patients, i.e. with a markedly
reduced i nsulin secr&hocyuse ed he selucadvarsdind® dpic effediveRess rafdhliP imahigpesd .
This proportion is simlar to the percentage of first-degree 20 relatives
of Type- 2 ¥rbasict paicpis andhinstherfasted, firstriegtaeyreltives dfedel bRV aderedd R i t us
t hensel ves 2 . e ' L. duced
i nsul i not r ¢ plg{%:l)cr%e-sjf_%&(;h@er g’%rlé @‘ @?@ﬂggﬁﬁﬁﬁfﬁ?&}ﬁ%@éﬁ%Z'I%I?’eﬁéggﬁgﬁﬁ {)]I?On to

devel op TypereatidiBabdlsds . Typo2 @amsrnjaticits §4). 00né poksisilityc Rrmihiends thhat
the reduced insulinotropic response after G P al so precedes other
met abold ¢ G rescpiotcleading te (ral Wepadtell sinfegaction Wil dts2lighndp &31Ps arj k éedussdi| i n

i st 32,.33 h ' ' ' 4 d di mni d B-cell
Ceor ot ory BRpsion, ot e’ BB FERRIY (el t et R ep By R B R e
first- degr et alalibiA mbditARu o8y 1 Yibloidl oReyiNC SRheIBRispknA the

present invention contenplates that a reduced i1 nsuli’notropic effectiveness

of G P is @IP rexaptby coding €36)ton prombiar segli@r inslasnans, hdwmewenphaveynoobedd foahd
function which m ght 30 predi spose to Type-2 diabetes. 20 SUBSTI TUJTE
SHEET (RUL@S%&tew1@1T@f9£élag@wu§dw wery Tikphyethaboier eﬁmw@nwg eetlP

I nsul i ppt rgp) ' L. TY.RE | [ t 1.n the
tosted 1 1 oo o IR e defpdebe, MR ShAEEL T5PY ERME Ml T
for exanpl @Leonedll i¥ Vgytdiectivy Bl apineprng esulinveqrbtod) PespofisRt(8r 3, 87, 38).
pancreatic B cells in Type-2 diabetic patients (14). One possibility is

nut at i ons O ardGE.Pe] phare srqst of theepaipegents of intragpliiilatesignal iteansdiction aparth it s
ligand, G or .a reduced . expressi.on of._the G P receptor due. reduced
TRRA 1 ans kPP B APt replaiBn W s QLR S Bfrorset pedhdpb g

aff ecting figmdDir@pestived) (S5 thhis FQb WiRI® Hofiiio! 4! IPSpeHif raBEL A a
coding (36) or pronoter” region in humans, however, have not been found
associ Ht edgemetdd ifypaérn®ndi afbBt eall fhnction motTypery didbledit ypatieats atdyewith all
conponents_of th P. 10 signa] transduction pathway are defective, because
even in Ty]ﬁl%ﬂ@oﬂ‘f’ Wgﬁétﬁg%" gree refapves. st || is very effective in

augnenting insulin sefy E}égéﬁlt iﬁ@éﬁf&ﬂsﬁﬁh‘gr’gcoﬁpreﬁgnds?tﬁﬁt' the impairment in GIP

function found in the present study is one of several aspects of reduced B cell function
in more general terms, including a reduced responsiveness to glucose, arginine and
20  possibly other secretagogues (34, 46, 47). Such a reduced B cell function has also
been found in first-degree relatives of Type-2 diabetic patients with different stimuli
(18, 20, 48,49). The reduction in measures of B cell secretory parameters relative to
normal subjects also in the fasting state and under hyperglycemic conditions found in
the present examination could be interpreted in favour of this hypothesis. Another
25 mechanism contemplated by the present invention is that GIP and glucose might act in
a synergistic way in stimulating B-cells in the fasting state as well as under
hyperglycemic conditions. Holz et al recently showed 100 pmol/l of the other incretin
hormone, GLP-1, to be necessary to make B cells responsive to glucose (50). They
named this phenomenon induction of “glucose competence”. However, fasting
30  concentrations of 30-100 pmol/l are more typical for GIP (51) (7) than for GLP-1,

where concentrations of approximately 2-10 pmol/l are typically measured in fasting
21
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G P and GLP-1 share nost of the conponents of intracellular signal
transduction apart fromtheir receptor nolecules, which are different and

do not cvogsrgmes with the other |igand, respectively (3PeWBy01/IBRISS al so
woul d point to a G P-specific rather than a 15 general inpairnment of B cell
function in Type-2 diabetic patients and, with all |ikelihood, also in

their first-degree relatives. The present invention further conprehends
t hat the ilmpeansr®@nb2-54).GBRt adtagmitisiog GLAhdffects mbiaagmxemﬁntwé&ﬁwm&dé]sindhe of
several aspects of, reduced B cell fupction ipn nore gener

i ncl udi ng BASple A ICTea85sl BICIgATe SOTRIRE IO, 8 Shlect PR TIESeata Sezgo"bo@%gy

ot her secr | so
been foundgoltm?ﬁt %lrﬁg g%g r e(g(q}sggl%l’lg &%%%mgg %&Fés Oﬁsg'? ?fg{ﬁgﬁhh\kﬁsﬁgﬁ

di fferent Bdthinbrétin hdrBaonddin e, péPusedimcieas (36)] QﬁnabeéfBﬁﬁwm@i‘se@ihaBbG@Il I
secretory %ararreters relative to normal subjects also in the fasting state

and under Giipis g¢09&6@rﬁ dorchadndycgian afoigherose competemees@nweléxammﬁom goul d

belnterpreted i r of . this eS|s 2 rrechalsm

cont enpi oy ST §F Beadtbvbol ORER' (6% RopdBPh" Fia”3) MR 00 Fhretion,
a syner gi sgl ﬁrsﬂ@é’grbé‘ré&ﬁd@é'rﬂé}i B@vﬁv&ﬁ'dsﬁhé Boﬁs‘é&uén@étdf'igd&E@tCﬁPaa“ctl lip as
under hyperglycem c conditions. Holz et al recCently showed 100 pnol /| of
t he ot her thesersbjents. hor none, G_P-l, to be necessary to nake B cells

responS| ve to glucose (50).  They d this phenonenon | ctl
"gl ucose corrpet ence' ﬁl N&Ié?ﬁé?tan"?a@ﬁn eg@h ﬁtﬂeﬁkﬂﬂ%% gé‘@%ﬁ%l /1

are I n tr s of
appr oot SEEB: gyl Kb Alsctebn cldoshlBR if B et o WI’éiﬂén"% G ST
SHEET ( RULiE g%ﬁéraﬂ@a@deip@eh%gt R@/sbﬁ@ﬁéﬂaafé&s and rmﬂ:ﬂuée'ﬂi inb@libdensitiBity have

ant agoni mggi GP-1 effects using exendi nl[9 36 amde] in the basal state

i ncreased gt inpeydet tw;cpiaén akh facetseaft1yps-2 diplates, a& wahelksiatarespwhethst i ng

5 der h I d
el at 1 onert BRI RE RGP IR ffisd nEBoh iR RS hhee iR OnREP B B 1
may be hyp@%ﬁe@@hseﬁsﬁlgqqobﬁ@ %a 231@'1&3’ BavRCHARSAHS (605, Bufteas! i‘aﬁ%tlé edh 8¢
"gl ucose conpetence" as wel erefore, the reduced effect

hyper gldycesuidy ifismimeresstanang (asodﬁﬂttrtmmdsby IﬂlegHCH»)IA(modei)s sMas mo$ acnhetactmustw n

first-degree rel atives nay, be vjewed as the consequence of reduced G P
acti vi tygi ﬁ%amf%egéﬁ% ﬁ‘fi}l"eéﬁ@e"t? ﬁéﬂm&m?}é@u 3§ 8"3 HetReic H¥eRest ot

pecul i ari téé(oggnomp@IP? df‘l%?éﬁ)fe, we have. characterised a reduction in B cell secretory

function and not the combined occurrence of B cell dysfunction and insulin resistance.

In conclusion, we have demonstrated a reduced insulinotropic
20  effectiveness of GIP in normal glucose-tolerant first-degree relatives of Type-2 diabetic
patients in comparison to healthy control subjects. This is a new phenotypic

abnormality in such subjects, which may be genetically determined.
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A et hod wooi/gwtier m ni ng whet her an individual is susceptPOT/@Sti013378

devel opi ng i npaired glucose tolerance (I1GI), inpaired fasting glucose
(IFG, or Type- 2 diabetes, conprising: (i) admnistering to at |east one

I ndi vi dual at | east one polypeptide selected fromthe group consisting of
a gastric inhibitory polypeptide (@P) and a biologically active AP
variant, or any conbination thereof; wherein said polypeptide is

optional |y conbined w Tt h[ a| phafmaceut|i gal|l'y[ jacceptabl e carrier or
excipient; (Jii) assgssi ng the nespagnge |of| sjai{d J ndividual to said
adm ni stratijon; | (jgi) cpnpafing|sdid riegponse toja constant; and (iv)
determ ni ng |f®om saEdacdnmpar i son [whet hér said ihd|vidual is susceptible to
devel opi ng I|&, || A& BTy e 2 8| abet/es. |2.| The| met hod according to claim
1, wherein sé.‘&d i nc_l_(vg(%al &xhi&|tg at | I|ledst| one|indicia of susceptibility
for devel opi g Typee 2=dfiabePes [<hut] dods |not |have| Type-2 di abetes. 3. The
met hod of cl{@& m!|I, [ where[n|the|assesded riesjponse |s an insulin
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response. 4. The nethod of claim1l, wherein the assessed response is a
C-peptide response. 5. The nethod of claim1, wherein the assessed
response w@oasgllucose response. 6. A kit for determ ni ngP@ivesHEr33zn

i ndi vidual is susceptible to developing IGI, IFG or Type-2 diabetes,
conprising at |east one polypeptide selected fromthe group consisting of
a gastric inhibitory polypeptide (G P) and a biologically active GP

vari ant, oWEa@LLAdMnNbi nati on thereof; wherein said pol ypeptide is optionally
conbined wth a pharnaceutically acceptable carrier or excipient, and at

| east one neans, for ,-35 _SUBQTI TUTE SHEET (RULE 26) WD 01/81919

PCT/ US01/ 13378 l'det efni ﬂﬁg ?ﬂel‘iﬁ@Fm%?gj WIS a%azﬂd}"éd“éts‘éewsﬁﬂt’@l‘% do
devel opi n : a i : : i i , ein
sai d pol ypyFivgie ininafed R8s, dmnl O filthe Bluobs MRS quiftie?, [
of cl ai m 23 diabetesicongristhg:ndicia is that said individual is a first-degree
relative of at | east one_ individual who has Type-2 diabetes. 9. The nethod
of claim 2, whekein adpigisteriiedp at leastiangrindiyidyal aideast guapolypeptige selgeted of

age or older. 10. Th f cl.al el hosald indicia i-Sor sai d
i ndi vidual is obeseﬁoﬁw%ﬂ%@%ﬁﬁ@&{% f%%al?rrﬁ% E‘fﬁlbaﬁ)éf glbﬁggétlld% (Ib?lla)l %@i S
that said individual piggszicall{phctive’GIP Patidiet 610y Lontbimitioh Zherdbye hdlefeigai d
indicia is that said individual has |FG 13. The nmethod according to claim
1, wherein said indisaidipelypeptidich$ opticnally cembined wath apharimacefticallscepti bility
for devel oping I GI, but dtc))es not have JGI. 14. The nethod of claim]l1,
wherei n sai d pol ypeptGcaR¥ablg CasrisT or eXCIDIPRE kit of claim 6, wherein said
polypeptide 1S @P. dfessiHyindThPoskedr shiadhdiyual t4'saltPlantBbRbkish; "0, Prior to
sai d assessing ep,

(i) comparing said response to a constant; and

(iv)  determining from said comparison whether said individual is susceptible

to developing IGT, IFG, or Type-2 diabetes.

2. The method according to claim 1, wherein said individual exhibits at

least one indicia of susceptibility for developing Type-2 diabetes, but does not have

Type-2 diabetes.

3. The method of claim I, wherein the assessed response is an insulin
response.

4. The method of claim 1, wherein the assessed response is a C-peptide
response.

5. The method of claim 1, wherein the assessed response is a glucose
response.

6. A kit for determining whether an individual is susceptible to developing

IGT, IFG, or Type-2 diabetes, comprising at least one polypeptide selected from the
group consisting of a gastric inhibitory polypeptide (GIP) and a biologically active GIP
variant, or any combination thereof; wherein said polypeptide is optionally combined

with a pharmaceutically acceptable carrier or excipient, and at least one means for
-35-
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adm nistering at |east one nutrient to said individual. 17. The nethod of
claim 16, wherein said nutrient is glucose. 18. The nethod according to
claim1l, wiereiom sai d i ndividual exhibits at |[|east one i|pdi/wke/ 3878
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determining whether said individual is susceptible to developing IGT, IFG, or Type-2

diabetes.

7. The kit of claim 6, wherein said polypeptide is in a liquid solution or is
Iyophilized.

8. The method of claim 2, wherein said indicia is that said individual is a

first-degree relative of at least one individual who has Type-2 diabetes.

9. The method of claim 2, wherein said indicia is that said individual is 45

years of age or older.

10. The method of claim 2, wherein said indicia is- that said individual is

obese.

11.  The method of claim 2, wherein said indicia is that said individual has
IGT.

12.  The method of claim 2, wherein said indicia is that said individual has
IFG.

13. The method according to claim 1, wherein said individual exhibits at

least one indicia of susceptibility for developing IGT, but does not have IGT.
14.  The method of claim 1, wherein said polypeptide is GIP.
15.  The kit of claim 6, wherein said polypeptide is GIP.

16.  The method of claim 1, further comprising, prior to said assessing step,

administering at least one nutrient to said individual.
17.  The method of claim 16, wherein said nutrient is glucose.

18. The method according to claim 1, wherein said individual exhibits at

least one indicia of susceptibility for developing IFG, but does not have IFG.
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