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Field of the Invention The present.ynnention relates to nethods and kits
for determining whether an individual is susceptible to devel oping Type-2
di abetes, inpaired glucose 5 tolerance (IGI), or inpaired fasting glucose
(1 FG . These nm@GASTRIGANKIBITORY ROEYPEPTIDHESRIAGNOS THS J#eFOR an
i ndi vidual to adm nistration of gasDETECTINGitory polypeptide (G P) or a
G P variant, theOEPIEBAITY T THIH-D DIABETESAMPAYIRED GIAVCOSESK for
devel opi ng Type-2 di abetes, |GT, onWom mately 10.3 mllion people
have been di agnosed with dj ' le ates and it is .
estimated that many nore, hg élgl‘%?e gtr F g‘fg?ﬂ&undi agnosed. Type-2
di abetes is believed to agco 1.0 - % of all diabetes
"cases. There are currently mﬁ%fmm for determning if
an individual is susceptible to devel oping Type-2 diabetes. IGI is al so
common in the U S ppRW étthelavetibft an estimated 13.4 15 mllion Anmericans

having this condition. |IGI describes a condition where an individual has a
reduced ability to tThermtsenylincationathiates 40 rmeibods land kite foevddterpfining

i mpairnment js below t.hat of definjtive diabetes. Persqns w.th .| re at an
i ncreased Wi“f‘@? & “Hé‘(/‘g}“i‘}p’? @SWBQPfoﬁegﬁéP%ei@%gIdt?ﬁ’&?sot‘rﬂgqlr%%@ﬁ%s@s.
IFGis | 1] | .l . [ S Ed ¥ .. and
el se\/\/nes(r31 e%ﬁég%ﬁrclgqgtr}@’crgar@ ?11tr %d;fahgﬂ-%glhrggei(glrbﬂé ngsg E%@t{?((i: teslgtﬂsg a;:g?iséd 9

det er m ni n@edstreanthé Nedspombgalofi an Singdddial btoe ddmidiRireti@pi 6f) gabit anhibiédy
Despite the lack of reliable diagnostic tests, it has been known for some

time that mPeptidy {GEPY of 8 GIP vareanpatheesby fletesminipg evlethgrathe tindivisiae s #n
data show n t hat .t he ihsul,y nat ropkcref f s of GP are significantly
reduced i nrl%%éﬁfv?}?%gt@ge?ﬁg%t?seE@I’ ?ﬁf&fl'he precise role of AP in the
pat hol ogy of Type-2 ApahRiRsely\S Yifillion peBpRiHAFe BBSLdiagnssRd A @hbdtés fhe
present 'invention a [ink between G P and an SUBSTI TUTE SHEET (RULE 26)

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 susce-ptible 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 L'di-abetes “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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WO 01/81919 PCT/USO /13378 individual's susceptibility to devel opi ng
Type-2 di abetes, I GI, or | FG had not been discovered. SUWARY OF THE

| NVENTI ONv@hespriesent invention is directed to, for exanpleer/uspi/hssds and
kits for 5 determ ning whether an individual is susceptible to devel opi ng
i npai red glucose tolerance (1GI), inpaired fasting glucose (IFG, or
Type-2 di abetes. The nethods include admnistering a QP or AP variant to
an i ndi vi dig@lviduiaSsukéepeibiling to Qﬁévﬂﬁ?'ﬁlgdfypetil@idbetéis,v'l(ﬁmabr dRG hiel eotbesnng
whet her the individual 'is susceptible to devel oping IGI, Type-2 diabetes,
or | FG 10diBfivEFedDESCRI PTI ON OF THE DRAWNGS Fig. 1. Plasma concentrations
of glucose (capillary neasurenent; A) and i mmunoreactive GP (B) in 21

first-degree relatives of typ&a i iﬁﬁmi |l ed dianonds), 10
type-2 diabetic patients (op¢eh \,.Aﬁg?tﬁ? I hy control subjects
(filled circles) participating in hyperglycemc clanp experinents with

i ntravenous 15 i nf usiraepr&enGoRedtonpisadikegtelinton £dr) exaiiple) m&hdlls End &itsider

repeat ed-measures ANOVA (A: between subject/patient groups; B. with tinme;
AB: i nt¥er adeteuninig gihether amdndividupl is :susqegtiblei toanlevelppingr Bnpasredp gluceseys)

to Type-2 diabeti tients: t: . signifi di f : <
nor mglo sub}olé%f‘gcel( @fﬁge:@g@?@ %aég{lg Iéi?clé)?é g.ﬂftlt’-)l’ a°|§ ﬁ%r:eg%?gﬁanb[(e?egt i ggg%?thﬁ%ssul in
(A) and C prRided@nfifbteRins a G bGP VAriSR e 8h iktiividaile fuealdringthe kesponse of

first-degree relatives of Type-2 diabetic patients (filled dianonds), 10
Type- 2 di atietindivithial ami deté¢ropieingoviiethershe imgirddd) ihewsceptible tndeveloping] @t s
(filled circles) participating in hyperglycemc clanp experinents with

i nt r avenoudyp¢RdidhetssooF@ P (2 prol kg min'). Mean SEM P val ues:

repeat ed- neasures ANOVA (A between subject/patient groups; B: with tineg;

AB: interaction of grou CRrION o PAE bRAWINGSS er ence (p <0. 05)
to Typ?a(?z di abetic pati ?@?ﬁjﬁs TION OF ﬁ%encec p <0.05) to nornal
subjects (Student's t-test). In the right panels, individual plasm

concentrations of i n¥ig.ilh Rldmacmcentpasions ¢ gluEysexnapillaryuheasuremensRsmdr UTE

Fi 5t - dogr EEPREPEERDECH) D Hoah TRFFe8rch TEHVERD Of R Peln g e o,
conf i dence it ia¥2!10f §pe ROdiTBEticSHHRIeRE! @péit @7 B188), 'ah@9D) 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) fo Type-2 diabetic patients; ¥:
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 pétients (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; t:
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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Fig. 3. Differences (A between the nmean values at tinme points 15 and 30
mn ("hyperglycema") and 75 and 90-mn ("hyperglycem a plus exogenous 4 P)
5 for i nsubonsiod) and C peptide (B) concentrations and f orcCirnsai/izs7s
secretion rates (C) in 21 first-degree relatives of Type-2 diabetic
patients (filled dianonds), 10 Type-2 diabetic patients (open circles),
and 10 healthy control subjects (filled circles). P values: ANOVA (overall
conpar i Songeceitidn Jates &) iis 21 -firesdegred nglatives cine chowndn \reldtiah to ghreouprsyx . ando

Fig. 4. Plasma concentrations of glucagon in 21 first-degree relatives of
Type- 2  di aleser 85 Jacprfidence fytenvakfosngrpalgapiectsddashed limeqi abeti ¢ patients

(open circles), and.lO0 heal.thy control subjec iqd.Le ]
participating in hypg}gglsyggﬁ%%g?sa% Q%YB%I}‘ #‘h%eél]?as'[{ \(/'vglllpks ?tnﬁirné?g%%és and
i nf usi ons « 27 YThifd = : NgASUr es
ANOVA (A eﬁ%gnﬁﬁﬁgﬁéﬁému en?5 5?%?85@3&41\1/@5 ?\g{%&gﬁtﬁ? r?élgse%%%biﬁé\i{ser g?ti on
) Sf g rodp afod ihsulim)(A)*andsCgeptidec 3)t caticérdteations and for<imdulids searetiohy pes () in

i abetic patients; i

1: significant difference (p <.0Q.0Q5), to norngl .subj.ects
(St udent ' s21 tfirfledgeyee pelgtives ob|Typgel é&‘i’é@%t%’??‘én@gﬁl OHQSSi F’E’ iTS(P?% '

first-degr | at.i ves 2, di abet] ' el [ s) p 10
Type-2 di a@gﬁtgc gg‘a‘ieﬁgsn{%l’%k‘o%e"g%)’za‘q d(i: ﬁ?cpéagsh?a%d#?bi§uﬁ_{ggst ﬁglegoﬁﬁ?o P
subj ects (Vdrhdsed ANOVAC@VeRAr ddniapRbh)Nghd Bruld¥Rey Blec eibnfpatiseurpf endieiduatent s
with intravenous infusions of GP (2 pnolkg'-mn'). Mean f SEM P val ues:
' r epeat ed- gmoaps)y es ANOVA (A between subject/patient groups; B: wth tine;
AB: interaction of grpup dtinme). *: significant difference (p..< 0.05)
to Typk-2 diabetic ﬁ‘i%ﬂ{l]%s,‘nat gon)gin&mtllopégﬁgiu&pgqne}neﬁcgrs?-ﬁlegeg _rélgslv?sooto
nor mal subj 5 1 . ' T E T
RVENT] O 0T R e e O Rl F0 oMo S BRI (e (RIS s
"1 GI," refsgids10 heahhy comirelr subjices €fildddagieclbgt perticipatingrid hiperglyceinid dlaaip
wi thout inpaired glucose 3 SUBSTITUTE SHEET (RULE 26) WO 2&@81919
PCT/ USOl / 19praimenis; Wih| ipgayengnty infusipns of (AP J2 pmelkg i dpeMean nSEM- P
illustratiy but _non-Jlimting Ik erd.o LN g ert O nce
fhues” g reale RN A A e Ee BB B Rn RS B o

test, irrpaY i ne our®vat ue bet ween
140 g yertighe; AB: SntBFaetioR of gloupaind tie9. Mysigaificaht différeice (p < 0.05) to Type-

2 diabetic patients; t: 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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mmol per Q 5 "Inpaired fasting glucose"” refers to a condition simlar to
IGI. As an illustrative, but non-limting criterion, "inpaired fasting

gl ucose" we@odgfoigned as a fasting plasna gl ucose concentr acrasobeisseen 110
ng per dL (6.1 mmol per L) and 125 ng per dL (6.9 nmol per L). "Type-2

di abetes” (also referred to as non-insulin-dependent diabetes 10 nellitus
or adult-onset diabetes) is a classification used to describe individuals
who exhi binttabsissui)i and defisition oe “GruhkMhdiabesesal 1As ax hildstratives| buti no-lithixidger

t han absolute, insulin deficiency. The precise cause of Type-2 diabetes
has not bedHeTieHisiHg ayoral |glucese tpleraace teply impained glvreseriglesance ds defimegy as

determ nin er_.an. i ndivi.ddal has . Typesr 2 _diabetes LAcl ude . nore
of the ford SHTRORCTaSE pu 0k il Rne PES AT alh RO LS ae 5T GpE R AL 10
greater thamoPpecppal to 126 mlligranms/deciliter (mg/dL), (2) in the
presence of synptons of diabetes, a confirnmed non-fasting plasma gl ucose
“val ue &f greater thafimpaireddasiingtglu@Be” meferh to( Byomdition similar 40 IGTucAsean

tol erance test (by adm nistering.75 gr of ~anhydrous gl,ucose. di ssol ved
o wnter . MGG d AR it hpa e 08 SBROLr aRageHed Shd then
measurin | r 0 t |4 med
gl ucose 8a‘l§a5tgngg#ﬁ§?2 e#@?%gﬁ&ggﬁg%gﬁfﬁegﬂz ghﬁg/%f.iﬁ%qa%é p?f ﬁ“grs]{ﬂrdat Ive

di agnost i c125mf @et dLf(6/9 mfabl ptFfl5. and Type-2 di abetes are those proposed
in 1997 by the "Expert Commttee on the Diagnosis and Cassification of
Di abetes Mellitus." SEeperk shghetestnidlsot eederendd thas Doagagdinsdepgndent diabetes

C assi fy cat ion of Diabete |litus, Diabetes Care 20: 1183 99 [t is
undor S0hodneBs, i, ByBPohsER hfeies) OF i Tpfbiefn FREE 6 deF iR cpltiels e
Type-2 di ah@iisindhien 8@istdtée abdWHd tuaRykhiBAEREVANAHERhRCARHRRY §hsufifnom
tine to time and may vary from organisation to organisation.

Not wi t hst adeficiegcy.hdde pregiseacduse of Type-2t diabrses| @5, nok B&n identfiad, p Hidtrdtindet es,

as used herein, arge intended tqg be interpreted brqadly. and _to he  inclusive
of the varRHiRyNCERDE Grigkia dpr defeprpming the o Adivigual e ﬁysﬁgc%b?tﬁ%e to

devel opi n - | teg” 4 0, i one
o mor 6 of s ghe bt nf¥he OB SBLARE. € « (BT tadio] Blaerl by HRE TR fF
SUBSTITBUT Egr&tef= ThdnRok Eeqi6) t0ND261hiB1igind?d8oiliiSO(mbAENS (2) rifli the dpr@berics of
determ ned, via the jnventive nethods or kits, to be susceptible to

devel opi ngyomseres gf dishetes, a eepdirmedinpndfastingnplgsmagiugese vaduecof graster Bpmeart her

condi ti On'ecfutcll to 200 mg/dL (3) with an oral glucose tolerance test (by administering 75 grams

of anhydrous glucose dissolved in water, in accordance with World Health
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, of 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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I's further understood that the present invention can be used to assess

I ndi vidual s who already exhibit one or nore risk factors of devel opi ng

t hese di sgeaes1vibor exanple, in 5 a preferred enbodi nent, pichausowsngi ve

met hods are applied to an individual who is a first-degree relative of a
Type-2 di abetes patient. In this case, the individual is already in a high
risk category, froman epideni ol ogical standpoint. However, prior to the

present i NiRNLHEGD, ist AQEEnINEE, MR IRY idveniive Ghéthodd bh KiB[ @oCkd tsasdepdiblehgt her
a particular individual within a hi gh risk category woul d devel op | GT,

| FG or Ty@@celzomlmgm@seaélseasm ttmelq@wé@aalnnay invieet: neyer gevslapdeithes gendition. It
di ct dj " Gast hi bi t | tid

- B gl ucoseisqBBRaERctspRE tiat 4% PissrE mrtiERcn beb el IS R nditipad iy

|'s an insubj oy eQPib?t SOH6re ﬁMPﬁ%ﬁé 5?@6@%1@&&% @ﬁeafséé)mﬂdf)@%ngh't

cells, particu s 1n the duodenum a proxi mal jej unum
“referresd ta) pasfemrad |enﬂ1t>dimafntb&reamsmt1v1e msthoés penapphieé to ian ipdividuall $/hbais av\/nat
is called "the incretin effect,” nanely the enhancenent of _insulin

secretion fiFrssidesise rﬁ@laBY%Pf Mrypﬁratdlabﬁt%ﬁﬁélﬁ@uslngthw@% the apdiyiduslds abgady n 4
prefer red %:? %Sglgﬁg% cgge& ci‘lrg)muasn g%lhé oﬁ%&?ts'ta%dlgmn I%\Eeve?aiﬂhglg t %

fol |l ow ng nce  of

Tyr-Ala-d ﬁre@ﬂhﬂ_\mhtleﬁethbfeew&fm Aaptd Yredi@witl rofd erbdriity Adtietiiet S pdr@cular
H s- @ n- d n- Asp- Phe-V

al - Asn- Tr pindéxiduad within-achigh Liysk @tggary svawd deselopd@TTAFG2@r Type-2 diabetes.

Lys-Hi s- As - Thr.- t.he present invention

i ncl udg% &H%P{Fggﬂtdfwt}ﬂél@g %{Q?ﬁqu%ﬁd%e@tp/eaéag@spcé G P derived from

ot her species, whethe C O e HARE-dePeddes
present i nvention ar eGbltE%ogl ca{fﬁg %ﬁgﬁ’@\éﬂévaﬁlgont@o%@ LdglFé. &%I ol gegl cat ly
active,” | isttmctropinhexhoneyeabisrehmtedniger&inPash T‘G[mgl isadn imselinotidpyc hbrhone i s
understood that the activity of the variant can be either | ess potent or 25
nor e pot enfyntkesised and\secicied. frempunpen BBy Fel) padicpiarkyycedls dn dhe deedsnimnay by

e ski |1 eBRAPRgHpHR 0T o FREReRs R0 o MHRRIT BGET W b Dol SO, 7

t hey bgs5 pepiri B4, is aped dehe fficrein @fsectornmdlyarmmhmuémsmt drainsiiin edreticar
activate the G P receptor and its second nessenger cascade. The G P
recept or h&ﬁl%@@m orsth Hub peleiniravenops glusesexzdminisgation.odn 3Prefeees cabodipsnt ch

ot el PR A Rt B M D9800 o T PR A e f e
1Y S Gy e ks St
| i brari es His-GIn-Gln-Asp-Phe-Val-Asn-Trp-Leu-Leu-Ala-Gln-Lys-Gly-Lys-Lys-Asn-Asp-Trp-

20  Lys-His-Asn-Ile-Thr-Gln (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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and hi gh throughput screening techniques. A so included in the present

I nvention are polynucleotides that express G P or GP variants as defined
herein. AYe@18Gduded in the present invention are AP peptirdssi/esng ai ni ng
one 5 or nore am no acid substitutions, additions or deletions. In one
enbodi mrent the nunber of substitutions, deletions, or additions is 30

am no acids or less, 25 amno acids or less, 20 amno acids or |ess, 15
am no aci datigdn aRissre préfersbln@amtdddsutovith efesaid of cemibimtedaldheniical ¢idgaris any
integer in between these anpbunts. In one aspect of the invention, the
subst i t ut i shigh dhroughmi scrseningtechnigise HIse yrcludedsin the presest inpentgon are

d f d
oot dae. oypifmsiERs it bR TR ol ulBR R R bR Elanp o5 o
conser vative substi { NidORclubEF ik R SreGen? WRRhiibH kO GIPIpepiies tAMB e

resi due, such as isoleucine, valine, leucine or neth |on|ne for another, or

"t he suljst i drutnooe anfin® raeldoehlmtlmtms,daédlhoms andaleletions.subh oae embodiment the

substitution of a%rgl nine for |lysine, glutamc for aspartic acids, or
gl ut ami ne FERLEL PIRBEHHHPR deéﬁ‘i’&“% her pqditionsTise3G BINRAAHES ORIPE: 25 samino

ori o nar el S APe AT i A GRS QB A

SER  ASP GhinoAoNs 6rYfesSloR dutNntdpbt iHbé&iweth thASRAmAdnts. @h%nﬁLﬁﬁecﬁﬁff thell S
ASN, GLN I LE LEU, VAL, THR LEU ILE, VAL LYS ARG G.N, GU, THR

SUBSTI TUTENBHEOT, (tR@JLs_clbgat,sutw Oinelgde 190ePOT/ WGCEL /CDBSTBALIVPE Fubsttntions £, AVAL

10  “conservative” substitution denotes the replacement of an amino acid residue by
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

SUBSTITUTE SHEET (RULE 26)



PHE LEU, TYR SER THR, ALA, ASN THR SER, ALA TRP ARG SER TYR PHE VAL ILE,
LEU, ALA PRO ALA An enbodinent of a GP variant is a pol ypeptide
conpri si Rgoamkiyqe acids 19-30 of SEQ ID NGO 1 (see Morrowpetr/@doi/i33@anada J.

Physi

ol

Pharmacol .  74:65 (1996)), whe

substitutions, deletions, or additions

am no acid sequence. It is further understood that G P variants include

re 1-5 or nore am no acid
can 5 be made within this 19-30

t he gbove descrijygeg pepti des whi ch hav

al ten

ed,

for exanple, peptides with no

e been chenquj;WLEgQrAlyatlzed or
n-natural am no acid residues (e.

tauri

resi dues

ne
e

resi dueeHBet a and gamma am no

C-tarm nal funectional —aroll
COT LI TOCT T AlTToCT TTTOT ul o

acid resi dilgU,anyvRD- am no aci d

podi ficat

" ester

1 <)
e LN ) .
s, and C-t etiR nal ket one 10 nodif

cations—such as amdes
cations andHBR.t&kf AN f unct i onal

gr ouy
such

modifrTats such—as acytated—=
as found for exanple in the am no

nmes;——SchigEkbhases,—or—cyctizatt
acid pyrogFEFa acid. Also

“inclyded 1n the pgesent Tnvention are

peEpTT de Sequeltsegeavi ng  gr eater

t han |50 percent sequence identity, and| preferably greater than 90 percen
15 sequence iderlfYRy to (1) SEQ ID NO |1, (2) to PHEicated sequences

t her gof ) ' = of SEQ 1D NO— 1. As uysed -herein
sequence i dentitYAkefers to a conparison made bellBehEUwdlabl ecul es usi
st anglard—atgoritd wetH—knownr—in—theart—The—preferred—atgortthmfor
cal cuyl ating seqt}i&tge identity for the present inv on is the

Smth-VWaterman algorithm where _SEQTD NO I IS USed as the reference
sequence to define the percentage identity of polynucl eotide honol ogs over

its | ength.

The choAvoeembodumestnef ar GlRalvadanif 5r a il yieptide mospeisingesminand

on,

ng

0

boen { ounc T1aBepinsRe B VG L e Mot %gﬁ?@%?&?ﬁ?ﬁ&gvﬁ?%ﬁ%éﬁ%g
26) VD 01/ B1910 PeT) WL 17505 M8 er Eineris st triofs AoRRLnd U pdufint,

" maxi mdm sheidade iwishis ayfve9-30 appinoacid setfuende. It is further understood that GIP

10

15

20

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
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
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
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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uses values of 1 for a matched residue and -1/3 for a m smatched residue (a
residue being a either a single nucleotide or single am no acid)

(Wat er marwoBuBivad i n of Mathematical Biol ogy 46: 473-500 ( Pe84A)pi1/13xnsgerti ons
and deletions (indels), x, are 5 weighted as Xk = 1 + k/3, where k is the
nunber of residues in a given insert or deletion (1d.). For instance, a
sequence that is identical to the 42 amno acid residue sequence of SEQ ID
NO 1, excWaterfman algbrithinrie sadndhsmﬁmt‘immﬂnunmmnldnqnsdgnmt’t appnoazh, which3

am no acids, would have a percent identity given by X 42 mat ches) -
(1/3 x 18 Wies wail@ﬁéi)l far unaxchgﬂsewﬁa%agf}r /g@r:'l msm%tpltrén&eﬁlﬁye (EX‘Pﬁl‘EHet s at

| east one f suscetlbllt for ahep, G
cor ror T ebfs 4 By FSRER, pRkedds oF 'Y GrEBpCRbi SRl dh g of

bot h of thm&leﬂlaﬁeﬁssfoloéuqh :473900f @1(9%@ S Ihmdlmeancbtableﬁbﬁs iRlelk), Mk t @fé to
ol der’ age, particularly, 45 years or older, obesity, famly hi story of

" di abet s, waightedwisarly, individuals who are first-degree relatives of one
or nore Type-2 diabetes patients; genotype, prior history of gestational

di abet es, physical ifacti \7"@’ and race/ethnicity (African Americans,

H spani c/Latino Amer ] Ircans
and Pacific Isl ander"s#ﬁg%zk a%%ﬁggplgllﬂgrﬁ 1@9%3 &I EIEE%O g\gleﬁopl J t hese

di seases). Moreover, FbfsInstdide, FGe@retcd ﬂﬁlﬁﬁﬁhdﬁh&cill okthe ad2 aminof aid desiddeopi ng
Type-2 di abetes. "PoI ep tide" as used herein refers to two or more am no
aci ds ] oi n%eauew er&EQX'BrMQe beee;tzﬁ;méon)b&a@mozmd Pebstiftions and an igsepiciedft abl e

carri eXCI udes, for sal i ne, buffered saline,

dextro e, %v&{nérl‘ ‘!‘Cgﬁrf{zc%?@ﬁ?lha‘éﬁa?{Sf’m lfl%fﬁ]?%nggenﬁ)ﬁmphate manni t ol ,

ar gi ni ne, trehal ose F(lqu( £PARdReY) -q B *hglhggﬂhaﬁﬂéis further includes agents
whi ch enhance the ha fe in vivo of P, or a blologlcally active

vari ant thereof, in —()}deB/Stmdeim)hai‘m:e Bl%pﬂaht(mg the biol ogical activity of
th tid F I I | e t

be. coval ently |1 nked" EShiBfth al dpash onf Io8iGRTY FUFEDSPBET OROPE CRE VigPe 2
01/81919 P&Iﬂé{?sg I[F%}g?’gIBI b QLAg ?@ gb?ﬁeﬁl?c;lbﬁ'l@alvﬁgli ors NRE Relofhg {IR or

enhanci ng agent ’can ’be a m ni ste
15  both of these diseases. Such IlSk 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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sinmultaneously with G P, or a biologically active variant thereof. DETAI LED

DESCRI PTI ON OF THE PREFERRED EVMBODI MENTS The present invention is directed

to net hodsoandidipts using AP or AP 5 variant to deternmpoa/udoetdsss an

i ndi vidual is susceptible to devel oping Type-2 diabetes, IGI, or IFG The

present invention includes A nethod for determ ning whether an individual

is susceptible to devel oping inpaired glucose tolerance (1GT), inpaired

fasting gl viokspécally Fegtiveovariymte tizrebifabot dwe, enbaquingsiaggnt (Can bedradmisisterddng t o

at | east one 10 individual at |east one palypepti de sel ected fromthe group

consi st i ngsigwltanepaskyryith GIRnons bistagigablyyastps vereant &19%50fand a bi ol ogi cal 'y

active G P variant, or any conbination thereof; wherein the pol ypeptide is
opt i onal |y compjgnegtih hAsRIFTRSR R SE PRIFPERRIAD EMBBTIMENDS

exci pl ent; (iiJ assessrng the response of tie rrnarvraoar to the

adm ni stratl on; (iii) conparing the response to a constant; and (iv)

" det er mi ni ng from 15 The pEssBRainy S ionvib eiteeted ttb endthetsvarduiits using GIR @ptGIPl e t o

developing I GI, IFG or Type- 2 diabetes. It is understood that the above

net hod 5canV£b”tﬂnépt|9I ide@rmmet sdethgnyan iipdividnauas suseeptibler to rdeveleping dwae-2i s

not consid t ithin a risk category for devel opi ng Type-2
di abet es, ‘?‘@5& 3G F@ rl e above nethod can al so be applied nore 20

sel ecti vel y tot hosem@q)r@sreﬁt HvehdiSk id@ided eX eheRba Fok Qi%&%n%ﬁf,e%fe&er namel y
i ndi viduals exhibiting at | east one indicia of susceptibility for

devel opi ngindividua? idi susedpeible tdGHevaloping ﬁmpaifhdlsgluctdse toleesmrt (IGAY,e mtpaired

i ncl udes appl.yin the ove nethod to, for exanple a blood rel ative of at
| east one g & ¢he) HHSTYB‘?p?edIEb‘?iFSatS’@F@?SmgGI@) %grmp;sfgrmg,{o af ?F&?tv‘?%al

who i s i o) .
i ndi VI ual é@?%o aéflrggsé y hg&%@‘[fag éepeg \&( ﬁ#ﬁ[ @gﬁmﬁu‘%fg%gbsaf% risk
for devel omhftgtory p@ky%eptiﬂea(tQHPﬁﬁl)d aH‘tﬂo@bﬂ‘lﬁﬁaﬁBﬁe@H’ cﬂﬁadaeow@r@dcomﬂxhatwn
wi thout the further step of adnmnistering a nutrient. In a sinple and
conmer ci al uhyreaﬁ,vavheageoth@ P@lb’mptldhelsabpﬁl@allﬁeﬁmbﬂngﬁl npith 2 raherinecsutiepdly
adm ni stration or G P. vari in a single dose 9,.SUBST] TUTE
SHEET ¢ Rux EeoSRy Bl a5t 5 FCiRep LOD pssdsg e aipBRBoal e ATHE e He
response tﬂilﬁl%tﬁlgno[mﬁcgmﬁﬁﬁﬂg"‘ﬁie ie§p(§h%§ 98 226bnsthe #nd Gv)Betefififithgt Rom
admnister a nutrient in this enbodi nent

15  the comparison whether the individual is susceptlble to developing IGT, IFG, or Type-

2 diabetes.

It is understood that the above method can be applied to test any
indi{lidual, even if the individual is not considered to fall within a risk categdrly 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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In a further enbodi nent, where nutrient is admnistered, in a sinple and
commerci al ly advantageous form the nutrient can be in the formof a neal,
akin to ayobi/gloweose tol erance test or can be adm ni st eregcrrisnaysnousl y or
otherwise. If adm nistered, the nutrient is preferably adm nistered prior
to the assessing step. Wien nutrient is admnistered, the preferred
nutrient is glucose. However, other nutrients can be used including

car bohydr ags bloadi i @rae 8sd a réspbhle, to T GIP V¢ €FIP0esiant i 3kessel.i There is no
triglycerides, fatty acids, or any conbination thereof. Carbohydrate 10
nutri ent s ngsdftepdministeiea prisicehin thistemwdimentude hexoses or pent oses,

speci fi c exanpl es of i ch ar | ucos as nti oned above,. dextrose

fruct ose, gal act ose, I&%I/\/E‘Fﬁb(?f ?m%ﬂ&mwgo‘ﬁ}eraﬁﬁ{{fe{}f Bi e{agrmlgfer cﬁﬂn&?" ’lr(%aaln]don
thereof . Nunfh&Rlafly3d?ntagkohb 46mh UhE igftient <8 bk VR The &tm 586 a8, 4in Wy at e
and lactate, which are carbohydrate derivatives. Nutrients also include
*intermsdi aglesosef tolerancee rtestnot adaml be pdihmimgred Horavenoushyl eyr ofterwiseuvi B aci d
is an internedjate of carbohydrate netabolism |In the above, method,. the
preferred gdsuinistesed, dhernpirient ipreferaly adpindgtered Priogyt the,3ssesngasp- niMhetent

Is by intray us inf.usj ' di t |
I—|0wevgr, iﬁutﬁgﬁuﬁaagflg&%%eg%’ htg% p%%}grr@gﬁgﬁéngﬁ %’%lzgrg%ean’tﬁ Jéﬁég% 1éll’u?tPlEljen 1ggtr§ be
adni ni ster@q eal hied antiadmb! Yoartithl @kd! alaino Okci@s,helipiiise @nopdydeides,
understood to the 20 skilled artisan. In the above nethod, the preferred
met hod of diglyestdasg triglycendgsorfaty gicidsamri snyi vombimption tigreobr Quubohydraignt
alone gr with nutrient s to assess, pl as | evel s of insuli C- tide,
ol ocosl  ohuettpierilin e pleSeReRRte Rshteaties o edtpstsr Sobclh aGBR Y
conbi nat i epgof usgd &4, abbwsulyl 8S PRAGEse. denadisse. t Retidonsul i n
l evel in gﬂhgg ?%gi%}?%%l %Eon{\%/ﬁg(?nﬂég éb%&%rh%ﬂlr?&vhri ant eﬁag beten’ ,ﬂl ’

admi ni st er gannidd, wsddottdtokion, anyCeomisiphticte theesyfo n Maitrietes alses inchde Gupepedti de

| evel in an indirvidual to whoma G P or AP variant has been adm nj stered.

As used hefesivativesy| giedhis @S pRpASe andclisiates thichy At oksbohydyale  derivgtives.

acsessmont NAAEGE i BRE misiedith BF bty BERART PSR o Aol on

step. 151 opgudie afbRdinEiRtmediie oficarfohpdrafe méebslisnevel s are assessed before
adm nistration and then after admnistration in order to assess the

di fference in the | elrethe abgyg methoddiheareteried doutepf gdpanistration efHbeS1PmRYE

26) WO 01/ 19 .PCT/ USQ1/.1337 response to the ) ni.stratian. s of

assessi ng éﬁg&rl?rg\r@lﬂsn&&e{%lé?b}i Hﬁ{aﬁgno&% a ﬁglon, a?qﬁ% séﬁcié tﬁﬁé 8p at Mﬁé}gﬁ{
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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or el sewhere, are known to the skilled artisan. See, for exanple, Insulin:
Andersen, et al., "Enzyne i munoassay of intact insulin in serum and

pl asma, " Wwhippk®ad Chem stry 39: 578-582 (1993) (insulin lpevalss)/izsredi ng,
L. G, "Specific and direct 5 radioi munoassay for human C-peptide in
serum " Diabetologia 11:. 547-548 (1975) (C-peptide); K ens, et al.,

"Val i dation of nethods for neasurenent of insulin secretion in humans in

vivo," Di ahgpaifse 48 theSiRninfiBrafidh0Bethddysss dskessig thése abvelstedther Imthedlasma
preferred comrercially advant ageous enbodi nent, insulin |evels are

assessed. dhelsewlese ,cmrl@Dwnatbl e alﬂttladataatgﬁ@ou Sese ferusampieli IowHAin dnderesL | SA

tests f Laheral bl li.n | ével del
avai L abl e Sndl; nOTRERE: FBoRRc ol et Rt i $RECaf ", finica

adm ni str aghQhi 9& §T9h 5%k %séf(ttg@)P( tlhatetels)pr}féd%gahty oM EBpdrific GR Wirgkt es
after and nore preferably withid about 15 'finutes after admnistration. In
"a pref & r erhdiviinaninoryshy for hahire Cepeptige [ih aemth,” rDiabetologredi i d43+548nd97Hhe A P
or GP variant is admnistered through the catheter, and then 15 bl ood i's
drawn t hr offgRentiss);s Xdemsarchealer “Viahdation 19t methods 9T sheasysemaent gf Haguln
optionally

adm ni st ra%qcﬁ%o?lg&lvé\%%ﬁ éltjv he, B?a%g?eﬁgi? % 5&@06@3@‘? Zlﬁtstel&se{lgﬁ\r/%iiue whi ch

i s used t o, ¢edferred BEmMRELNGS advidtd F@&Qoéiﬁlﬁ)dn(ﬁentt hgsusiel TevHls hfeddss@Redle This bed
above is significantly different tfromthe. response of a 20 nor nal

i ndi vi dual is ¢omemerciallyi adivantagaeus WUM@CEOWM anéh JE-154d testsd forGrgsessing
respon ln . a f t.he constant .c the arithnetic nean of the
respon Qheﬁibmj%lflsﬁﬂwﬂﬁaﬁw&% %Vaflﬁ WF&‘PC'FFé\'Fe reduced | evel s of
c-pept | de or insulinrge rPéA Hfaut%%a@dark %%?és?edogftéll ﬂh%oa?ﬁmﬁfshﬁﬁoﬁ%mtﬂé Lrpagd on

of GP or AP vari ant a cose e constant can of course be nore
conpl ex i nG#P Ivattxdnﬂn’ptdfaably&enmﬁ 560 wiitihtels bfterzmdumdeer priefevably ovitlie abéutl 15ed
artisan. The constant can also be nore conplex in the sense, that it can

based on dEEzntes afgrpadmiusiaten.s UB-pBfitratd smbodimenhl GibEIEr 45 Plked dn e

sub- populatLons ar el ect ed LOVI [ 8 I e
fest | ndlvinguaoa oS, RGP GapL vRRSY SRoPuFREhCREiN et il udly |
predet g3 M pRBd FEAfW thittlch tHee s@tﬁ@Séa@Hﬁterha@lebeﬁﬁet§ﬁ|béiﬂg’:1tsﬁdabléI fiishied, t he
adni ni stration of the above described 30 nethod. 11 SUBSTI TUTE SHEET

(RULE 26) wwiog/glaletwen. Uso / 13378

In the above method, 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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-

In the above nethod, the "determ ning step" involves a conparison of the
response of the tested individual or individuals to the constant and a
det er m nayooigioipased on the conpari son, of whether the tagtragkonmgh7yi dual
or individuals is susceptible to developing IGI, IFG or Type-2 diabetes.
In a sinple form the mathematical 5 difference between the response of the
tested individual or individuals and the constant is calculated and this
anount is conpared tg theSENBUNEAHS! BBl “defRRIERE SR GAVEIVENA comparisiest S a
nunber or range of nunbers, wherein, if the above mathematical difference
cor r espondthetrespanse nfifigdested ifdiyidual\grtipdiMidunle te shpecqifstant e A slegrminatiosecond
constant, fhe tested individual ,or individyals. i eterm.ned to be .
suscept i bl éaspg 8 E0EPAYI Yy q?@ﬁett}e,r_- € Eﬁ“#ﬂ@y ﬁﬁfﬁ%&dé‘gauﬁwsasuﬁ?wlg}.er ed
embodi ment 4o hBRIGHAPNET. IPER ANIrypS2PEEHALET ThPdimAEABERY e Hatkdifurigrond
eern C to t o}

const ant has I'culated pri e adm ni stration t he above

“descri bed diffeharte betweknpthe tespoest fithe tistadnindividudbor imdividwas ewditie ¢omstased t o

carry out the determ ning step, Exanples of determ ning peans include a

. Exanp
conput er wii @lculaed gud Hig i eonprakbta Asemdveongantr Tihe feeomdcsamsiantons

or a table hart, .or her sinm | ar. deyi | ch. ca, ﬂ%li

sel ect thef%’%%sﬁg%r .'fia]?uel%ffrré) %%é s%fcglﬁbg%h;@%e%? L ofr} th%ogﬁg\%e&%ne aagié\%%
descri bed gfegaticatcopespondd id teSkurttir G Ifalld WRBInGBE radeSSf MEnbERS6f tHe seddhd
internet site or simlar venue, which contains suitable database for naking

t he above comstantl s dested lindisidpalefosr indtvidrarods rdetarminedd 40 abasusdeptibigetd
which s stratifie y e, 2 epnder, ethnic graup,, wei ght enot ype, . and
ot her #(gct 8?‘?,50%39% 3? %edﬁhﬁl&geﬁgl‘ﬁ?t?e : aﬁ]n @oﬂ@?‘ﬁ?ﬁd, eﬁ*’h@&’&iﬁ“ﬂgt 5 %E‘?qdabl e
ranges, ca ngj A f L Ngi:\d dual
bei ng- & est Sopicaph & BEGBErRRE]eRing tod i SHR Kol et A el e
whet her anto theddmigistedtionsofsts abpie deseritied eted.opi ng 1 GT, | FG or Type-2

di abetes, conprising at 25 |east one pol ypeptide selected fromthe E};oup
consi sting of a gastm@PWfﬁIfﬁﬁl?WdW%®%QtPW@%Wa%Hﬁ“$dHP§P€§i% &

opt i onal |y EERHe otp: R BRI AT lsbuiatfl s Hoflo8' £ Sl ¥pRA'1e 1

exci pi gnt, piipsardined eaflake 0t 45a8dedopibed ehleulaiionsng arableh €hart,her dtheli sintlaal i s
susceptible to developing IGI, I|FG or Type-2 diabetes. 30 The term"kit"
refers to dedeswdichrasndedised & qeickly seleshidic appropriate st radysasgnéra@ustans of used

gﬂs@?ﬁﬁr&éﬂé&%ﬁﬁﬁ’ﬁg ;16§cr}ﬁ)ehictalcuﬁrti%£§.r %%%u%e@%afc%patt%insn &in so b% 2rnade 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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WO 01/81919 PCT/USO /13378 packaging material provides a sterile,

contam nant free environnent and preferably the kit contains one or nore

i nstruct ivpoea1/8®io di recting one on how to use the contentspofr/ishei3skgt to
carry out the above described nethods. In a further enbodi nent, the kit

i ncludes at | east one syringe wwth GP 5 or @P variant, or a conbination
thereof: (1) in powder form for exanple Iyophilized, to be reconstituted
with, for packagihg maserial peovides 4 st)erilen cantaingmandl fifee renvirairaent kingl maﬁaraéﬂy ter

i ncl ude or not include a nutrient stn &HI’:‘ enbodi msrlp wherethhe Ki t ﬁ%ﬁl udes
a nutri ent Kit EHRIIRS POE RE Mpge Lostbciionsdpr drecting qnp 98 toassi thg Cepenty PE
nutrients, HEORS, wder form for exanple |yophilized,
‘to be 10 ]Flggcg%a‘g%f%&g%wth&s?ﬁﬂédeélgﬁg e, saline, or (2) in a suitable
stable liquid form Imadufthirtdissodembe ittieekit inchudek Mt least b syringenwith|GI@d in
the hand or other |ocation of an individual and, if nutrient Is to be
“adni ni st ered, G grtiaefs oo gombinatiout thewaf: syt ngep@\gdfm demmar derd qxnmplet he
IN. . line_a G P o riant syringe isch t he
N e e T B Sl Lol ks B85, BT RO oA S
to obtain fREALiEE: ihdled P noP inGLYC ASEutkieNe! In At BmbBdiBlent Whefe Rﬁeptldnde
insulin, or glucose are evaluated as descri bed above to determ ne whet her
the i ndi vi vwhides s nsnwne pthebkie includesy at cbq:asngmb G¥ring& @ontinifiy penc? odi mboret es.

The kit further includes at Ieasé1 one ns for determ ni ng whet her the

i ndi vi dual TYEeRSs PEsferablve glusosfoy I)dﬁl P@;W @GTOIFIFCEOY dampise Iyophilizsds & beThe
nmeans r | ther siml ar
devi ceﬁ?mhllggh ]gsgiﬁlﬁée uségprtéé&lm FZ%)fm tEaﬁtgblgrsf)ar’[)?eibla eldg r(I)I\E/)e descri bed

first and second congi arfhﬁhaferﬁedrcﬁmteh@ anaIbVVdeQ§¢1liStzﬂI%d i®athe Hadd ioengherThe
means can al so include software or a database for nmaking the cal cul ation
or other slogticay OEIa@clpdtyml@l madndf ngtmienk iy tQ:Qﬁ aélpy@lsieﬁtﬂ LRI glugosp 5 saterd or

ot her sim] ar. e._\Whi. c nabl .0 on t ernet site or

25 ot her | sBiist WF bR s dsEgReE S L e oB? S PRty e
descri bed ﬁ%ﬁm@%k@m&t Aflr q%@ﬁéﬁ&m M@%alt B}%oﬁ Qé RN o BERhes are
illustrative and non- limting. Study Protocol 13" SUBSTI TUTE SHEET ( RULE

26) WAX1/ Buomootegn/Aipeptide3 3sdlin, or glucose levels. The levels of C-peptide, insulin, or

glucose are evaluated as described above to determine whether the individual is

susceptible to developing IGT, IFG, or Type-2 diabetes.
The kit further includes at least one means for determining whether the
mndividual 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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The study protocol was approved by the ethics conmttee of the nedical
faculty of the Ruhr-University, Bochum on April, 1998 (registration nunber
1114) pwobik®ishe study. Witten informed consent was olptajysedifsreom al |
participants. Subjects 5 Ten healthy control subjects, ten Type-2 diabetic
patients, and 21 first- degree relatives of Type-2 diabetic patients were
studi ed. Subject/patient characteristics are presented in Table 1. The

groups were mat ched TBE stagy proibesiviag, appfived dgehe Blbicsdiontigitiee op diel inedipaint s
were subjected to an oral gFuc_ose tolerance test (75 g, Boebringer O GT.,
Roche Di aghedty of thavRuhh&inayersisy nBeejipmyionhAprib 8 (ragistation number 1114)
capillary glucose in.the fasti st.ate and 120 m fter the.ingestion of
o hcose. ” PGB BE A« VS BET o BeRh P BB AT a PR BRET ol at i ves.
In healthy control subjects, any first- or second-degree relatives with
Type- 2 di aligfi@ss Wwer e excluded by history taking. Fromall participants,
drawn

" bl ood was in the fasting state for 15 neasurenments of standard
hemat olSogi cal and cl Ten bedlthyheomirot sybjecis,aee tlyps-2 $pbeticupitieats, wad 2dafiyst-ed

f he d i i f in, . t ei n .and ini b d

ot hods. ARG THSRBY 861 1oBE2> GRbeby. BRHOWS e HEF oI | vesuBRagHET
ALAT, A . Lo \/= 1 H H t H t .

L T R R e

excl uded. 4£gee Nen®lisetit patticifintewerResubflcaid técanhed] ghucobectoddratteyteSil(78CE; vity
(90 U1, normal] < 28 U 1), which nost |ikely was caused by cholelithiasis.
Body hei ghBochaimgee OghtT wdtashel Riagnestiesd Marnbheigai Germanyy Withpthei degermriatione e
wer e sured i.h order to cal cul ate bhod ss. 1 ndex,and t.he ist-to-hip
ot o T ocficcepnlher eiost f i) fl S ot o287 i AR 0 il o BB o
the R va- Reggdcet RRiNARbetd® wisVéclideg -ffofl RO Prop BRLEBHVS. Al HegrRy chapéied
with diet alone, and 5 patients received oral antidiabetic treatnent

(gl i bencl asubjbets, 2n$ firgt- by secortl-depser, relavas vadeTipH?2 ndtttésnwSreozxsbsled by
metformn, 1700 ng/d in 1 case). None of the patients had been treated

wi th i nsullipory fkilfese patients, the usual antidiabetic nedication was

i thdraun e day befape Jiey siiitior 30 WodDR0hoR 46 oSBT fe SHEET

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 nig/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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Al'l participants were studied on two or three occasions: (a) At a screening
visit, an oral glucose tolerance test was perfornmed in all subjects with
unknown owel1/glyggcose tol erance in the fasting state, and Ipglrarset/@s3ys
parameters were screened. If subjects net the inclusion criteria, they were
recruited 5 for the second test. (b) A hyperglycemc clanp test aimng at

a steady capillary plasma . glucose concentration of 7.8 nmmol /I (140
ng/dl) was started bmlipajr@apzimgwéft %@b@@ﬁSﬁo ofighree bodagwnand nmi nt ai ned by
i nfusing glucose (20 %in water, weight/vol) as appropriate, based on -

gl ucose det er ni nat i of# peN- érsﬁié?@mélﬁéfrl%lt snfrgl glpgasmidiorapee ot was peHormesst ri ¢

hi bi d d |
+ aani ni st er ] HREHL By IGPR SR RGeS BetRe in PRAHM R R gnC Fegritony,)
Si X subj ecpFameteherbicycreqmelr Ol!fssquéQtSQH@c tfnle rifidlnél6s rcﬁ?er(aehﬁ&y W%}e recruited

participated in a third experiment” (hyperglycenic clanp experinment with the
“adm ni s r afor dlre seomd esebo i nst ead of G P)) in order to judge the insulin

G P was purchased fr&h Pofhd °£8€e%@2yﬁ&:a€” %fégmmma B %”sewdif&wﬂm%ys“t ette
ngﬂty m@ﬁg%gfoﬂ/&%ﬁ&mggp?lr e vvas d| ssgf %ﬁge%%{/?ﬁa%u} ﬁlgzr)lg 20

serum al bugs & 6&1GA ﬁahmaﬁmamsalﬁ Hefaking l\/grubweg (2(136% manywater, | Meighﬁdom hgsough
0.2 gm nitrocellulose filters Sartorlus Got ti ngen, German ) and stored

frozen at appaeprige, lptsed/pgLgmgosqégf@rm@@aonmfmmedfqvpgs5 (pitoy Ulém3©)10t9ﬁ)e

rranuf er we r.e ure

coel u Wji Hgal’:}ﬁ ?&Hw%rtyepogi'%ﬁ?g‘g? g@?cose é%ﬂfvf\/fdggt 1?1 8}%,]%6&% bﬁ)t?a%? er i al
growt h (Stﬁhﬁiﬁfsﬁéré‘d‘ﬁ&ﬂ%@n&@%'aﬂqﬁﬁl)slo%rtgtef&rz @ prRY kPURiA" (Laboratory Dr.

Bal fanz, Munster, Cermany). "No bacterial contamnatiron was detected.

Endot oxi n concent r at (cons Bix subjpitessfhealthy enEB andoke sftstiegroe weladve)l: 61
EU m . Experinental  Proc dures The tesE; were perfornmed in the norning

after an oRASHEIPYRL bt § exB@ﬂ@E‘le( SlyesTais MR, gHPGEImeRE W%ememsnt s
o RS upn R 1411666y, 0s o B ot DRI WIE SEEETLRbE 20

WO 01/ 8191
15 response to prolonged hyperglycemia alone.

Peptides (
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 um
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 bacteriall 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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30 . Two forearmveins were punctured with a teflon cannula (Mskito 123,
18 gauge, VWgon, Aachen, CGermany), and kept patent using 0.9 % NaC (for
bl ood sawploigmiand for glucose and G P adm ni strations, mreIpesvliszEiy).
Bot h ear | obes were made hyperem c using Finalgon(r) (Nonivamd 4 ng/g,
Ni coboxil 25 ng/g). 5 After draw ng basal bl ood specinens at - 15 and O
mn, at O mn a bolus of 40% glucose (in water weight/vol) was

adm ni st er gg°.t oT@befbaéAnt apink | wér¥ Plntans® widpACRAbL adanfila (Méskitd. 82318 / | .
The dose was based on the fasting plasma glucose concentrations and body
wei ght . TheagearVygons ashadhens Genmary)orrndf kept \patpe B9 %o Malkeffor blood

i ght / vol d.and mai ntai ned. . h dj d il
vl S 01t e T BB Bl Ak TR S F WY
mn later, /3ge h';/%@;rb'ﬁicoﬂsiﬂé Fital ?S(N'Bhﬂ@ﬁﬁ‘d%%ﬁg,(ﬂi&bBﬂ@bSKﬂg/'é);ﬂéB'n was begun

and mai nt al ned 60 mn (rate: 20 nm/h, Perfusor secura,

*Mel sung®en, Germany; diftentdegiving Hasd Blood\sp€timeins lat 4 19hd @anin, a&6ummad talos n) .

At 5 mn intervals, plasm glucgse was deternmined in 100 | Caﬁiﬁlal ary
sanpl es dr 8A0f hicase & Waghaveigiibvol) was adminstgesdoto ¢lsvatst@Bilkapy glycese

poi nts of E%Q%rﬁ%&ttomgf n&ﬁgﬁf dgﬁ:)eeidﬂseorusjagrBtl)atst Al QY ‘?as‘t\iﬂk .Cﬁi{isgﬁd;:%:ﬂﬁ%g%t he

anount of glrucose 1 nfuse ood crnmens 00d was drawn®in

t ubes cont gontefi@atidal AndNbbdBPielghii Theh,ThRSitkBlehbys, infsiSHDOf lslidosd 20 28 Qirft 1
per 10 m bl ood; Bayer AG Leverkusen, CGermany 20 and kept on ice. A
sanpl e (appatsxi weight/yollo®ay jtarted and gradnfaingd B F 1o thatoadiested cipiligy; plasma
Sar st edt , nbrecht, Gernan for the.i di at asuy enent,.of .gl.ucose.
attor Bone PSSR EOSROGRIGRE. o, RSfRiety b BRT b RIE sk ona Ot HEDSEh a
-28C.  Lab ; ' ji ! ISniFE ] FHnHE 9SE

oxi dase rre?ﬁg%%w%{ a%%@g@%&%@@gg%n y@e&az (B@E%&u#%?r%ua%gntg? Nu?\(i)ch,
Ger many) . s (tater \@@smiiha Rerfadorusdcney, draun Melbungen) Geapanyt;i dilwedeiow Qrée %

i mmunoassa aé‘(l)wEl'A)’ | Mk I nsulin, Abbott Laboratories, . Wesbaden, Germany.
Intra- assz&J arith di dnthimsn . sepmalibaminger A4 gpincinteryals g Plagaa lyeessuvay

bre I nst onestEnEl ik, 100 EaRNES RIS bl o B 58601 rfE Bl hfddion! " O
vari at i®n v@éLafd fne lpoigof ﬂm%mglln/g iandreGrepefded de ovder o uBeW aaclclladaofde 16
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amount of glucose infused.

Blood Specimens

Blood was drawn into chilled tubes containing EDTA and aprotinin

(Trasylol®; 20,000 KIU/ml, 200 pl 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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Proinsulin was measured using a commercially avail abl e ELI SA ( DAKO

Di agnostics Ltd., Canbrigeshire, UK). This assay al so cross-reacts with
split (65wé6@)/819voinsulin (100 %, and split (31, 32) proirsulisol/(199Y%) .
Detection Iimt was <0.2 pnol/. Intra-assay coefficient of variation was

3.2 - 5.7 % inter-assay coefficients of 5 variation were 3.6 - 6.0 %

|R-G P was determ ned as previously described (26), using antiserumR 65
(final dilution 1:15Prd3adinawed rﬁgasﬁﬂedtdsmg@amm@lc&l]&mvaﬂalﬂeéBLISAe(ﬂmﬂdéﬁ)i on
and as standard. The experinental detection limt was <1

Ant :c fser um Rla@B?f‘élCﬁ d4d + Sambyigephit /K)o hist assayealsp Progeireacty %’“ﬂgﬁhﬁ seassay
ff
were < o opopu S0 o hat el B a8 hERERR HOTRE GRS {262 O

et hanol - eﬁ&hélactlﬁaa-aé@§ r&eff@%n%wmmnyw@lﬁs ori Hgdy( - as-Ebyi‘ ceertierhisut
limt was < 1 pnol/I. “Intra-assay coefficients of variation were 6.7 %

"int er-éssa\;artaueﬁfwem 8rfi s68f %vari ation 15 were 16 % Cal cul ations

| nsul i n-resi stance cell function were a cu ccording to the
Ho e (585 TholCiTR ias deiatiated mePrEnontly dettied 28 SPhputiisggm R
per f or med \ ( redq 4 SEC
versi on 2. @/(ﬁ%ﬁ cg]I%Ble(r)(h)%/q gg@ %ﬂ}ﬁ@m g:n%x%n I—f)\%lr)t{gf @%e%#tqﬁei?g El}eﬁl\/leaggudrsement
& | nf or mat dteidardl Wibeliegpérémentileduaédtior Nimiofvabys tiepmolci Antiserufai R b5 Windsetosi ty,
Nort hanpt on Square, London, UK (31). Statistical Analysis 25 Results are

reported athe midportigElf thy Gﬂétf&)ﬂchlel cal cal cul ations were carried out using

repea measures a si s of A NCSS _ Versi

(Jerryﬁ)Hi ntze, KayS\r/]ﬁT"‘ly ASSTY ‘é?f:\f r151 éﬁf% 2%7‘1 C§Fﬁ %*%P?gﬁcgpts

t r eat ment ;aggg“)@@@ Hdgeynent ed (p < 0. 05) val ues at single tine points
were conpare y one-way ANOVA and Student's t-test (paired analyses). A

t wo- si ded p- 30 val uR-Gludgomasast aleasured usingi pedcénes anpibhddyc4305 dn fetlemehces.
17 SUBSTI TUTE SHEET (RULE 26) WO 01/81919 PCT/ US01/ 13378
extracted plasma, as previous!y described (27). The detection limit was < 1 pmol/l.
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
(31).

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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Resul ts Conparing hyperglycaem c clanp experinents with and w t hout
exogenous G P in 6 subjects, insulin, Cpeptide, and insulin secretion
i ncreasedwooi1/stiigher concentrations with GP than with pl acahse(/aihs p
<0.0001). The differences in 5 integrated increnental responses between
experinments wth and w thout exogenous G P correlated with the increnents
bet ween the nean values at 15 and 30 min (hyperglycema alone) and at 75
and 90 m nRrésupper gl ycem a plus G P) determ ned during the experinments with
exogenous G P (insulin: r2 = 0.532, p =0.099; C peptide: r2 = 0.94, p
0.0014; insulin secr€pmpating 2hypepglgerpmic pclamp oRypprimeptsTHEibf #pk | without

d i bl i he i nsut| i i on,.of )
SPhoh e exPORRRENE Bl oiie Subibs RSt CineBHA A LBMR pertip TR0, ©
subj ects amghds éctlceRRIOAE with! GIF thes withTMREebd (dil FPL0.00M9! I Eret diffBasicdy @her

fasting plasma gl ucose and HbAI C concentrations, but |ower HDL chol esterol
*and cr &at i intepeated ioeerhemali responéeEdizteeeh) exptimentsweitle ambwirBogt exogénaa filP

differences in any paraneter between healthy control subjects and first
degr ee rel%ﬁrf‘?ri%d(’\"étﬂl éhel)mcr?msgtﬁz%a%?setﬂ&yﬂa?anen‘ta@%ﬁt fé/p"é’?lgl céMc in
t he basal ' te.gl i ol ot
it er bet (BHEREE: ahoef apt oh U o8 i hiREE, CAREIALE pheeithfcat)
st eady- st adind @mexpetivieng Witheexdgtsougi GERY (insuldd héakt 0)532ppt £00.099bjGct s,

first-degree relagives, and Tyae-Z di abetic pati enr%s, respectively &Fi g. 1
B). Basal pipéidaa I nsuPi, dorceR0Pd4;i dnsylinesesredioghi® | caftd3P | danver PH04).

nor no cemc relatives than . pergl ycem ¢. Type- 2 di abet | i

P! oSy ek P P NRAL NS SRl ALEE Cip RAMER S
Subj ect s, TP e e B A OB, " L pe- 2 o abeti ¢ patiente,
respectively (Fig. 2InAcompari$bn?$) .hehlthy espwols sulijecte xamge fitsisiegi@e Prelgtivas,na
insulin further j.ncreas

ed to 39,5 7.0, by 26.8 2.6, 21.2 4.3 nmJI
i n heal t hyT¥Rsie [diabetic patients had i%%@@r dasing @X?Sé‘}aagli“%%e, aﬂéﬂﬁgfﬁy«p@ﬁﬁel&r%&i’i c
atients, e tyrnel I N O O B { lyhot i onse
!to o dP, asb‘jitu%ggg %gﬁé%mﬁgu{eeg% %}gﬁf réa r ‘%“%Sgﬁééé‘l‘%gg‘%%% vlvg'i ch&l%s Q%Jrﬁest!gsur e
of thel%ecsighificyntr ¢idfeesiees i@ aby Pharametee deewledny hedithyr esprobsaibjeots and first

hypergl ycenm a al one, was significantly lower in Type-2 18 SUBSTI TUTE SHEET
(RULE 26) 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+ 4.3

mU/I in healthy control subjects, first-degree relatives, and Type-2 diabetic patients,

respecﬁvely (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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WO 01/81919 PCT/ USOL/ 13378 di abetic patients in conparison to healthy
control subjects, no matter whether based on insulin (Fig. 3 A, C peptide
(Fig. 3 Byooogivide insulin secretion rates (Fig. 3 Q A \raiTuso1nsTe
significantly lower in first-degree-relatives than in Type-2 diabetic
patients. Between control subjects and the first-degree-rel atives, however,
there were 5 significant differences for the insulin secretion rates (p =
0. 022), bUcllatlStﬂtc patien® ih eemparison(ip lealihyl 8gntcol sObjeeipept mbdtef whethr O8sE).on
However , é‘g ?%l ndi vi dual responses in relation to, 95% confl deﬁ
interval s B g BHY. epeptide (Fig-nd B+ o5 theumpdin §ecre}tl%‘u€a“?§f Figi13 (34 ai ves

had | | l,o h F 1
ol at fves FECTEp: Sednimbedtvel 15 e abP TRty b Bar 85 he2 et
i nterval lgitleﬁg ”Bét%l:n %Hﬁdr@lcstu%%e(:{:s' fhd tBe Eﬂrst—d’éﬁeell?eléiﬁrtes Oﬁo@évef eimetd wefe Were

characterised by insulin secretion rates bel ow the [ower 95 % confi dence
“intervdl (digmificantfiffershess fox trecmsulimgseBrationl rape (p et dx.§22)ebpomgeor Asinsulin
per cent age val ue of the_ nean concentrations observed in the control

subj ects, ® Fe8ul@dradiG-veptidentds =pPd9dht However, gidging, imdividual FEsRAISES ML t he

s M9 S Hon Rl bR B Pl i ey bt 8 2

C- pepti de: 2§§e1a§ve/4>hddnﬁlyﬁﬁmv§1ﬁesr ﬁ)ttél@nbégw thé 1%Wer ﬁ§rrﬁ\ﬁ| lim#@$ (Fig. REpponse to
exogenous G P n) (insulin: 7 % C-peptide: 62 6% insulin

secretion: reﬁﬁlve§ haq .C-péptate c’.alnl?cnttdnmse tmtaﬂmy)daebwmee9$% cbBfidénCe ristetviah for 61
11 % (Cpeptide) and 50 10 % (insulin secretion; details not i)hown

Basal ¥ oi mymal ﬁ“@é%éﬁf&éﬁdn@%?é"’élcﬁrﬁ# reé%fh\teﬁwq{wbéww% Y1y ln2
1 20r e o PSR O TBRLA R BN kAR BudTpi 3 .0 0, 049) b 1o

first-degree-"rel a ivVes o I'C pa I ent's 0.012). The

difference between nwmlex fdibing B Selbgedrdtthy febpcisel@os percerlapé vxlas ofiaise not
significant (p = 0.16). preSS| ng}g proinsulin as its relative proportion
of i nsul i nmeak eoricantnataons abserved yo |Qg»ntff)1 eedts; aZEdh‘nglh@thWI%stW@ﬂblﬂ ound

Type- 2 t tients (2 % t | at
(12 5% Brebdaeepebinfe iode: Ry ppecening 550 % ol o0f &%) "
concenty at j,Qhysy sddrdelif: festd S'G%)Stuﬁﬁé‘r @gférg"l?émﬁf&\ﬂ’dfmﬁs $1980 migpQhsulin: 79

di fferences between the groups (Fig. Hyper gl ycaem a i nduced a
reducti on #n7dbuCampptideodbenhtd %t iipswdini wcmnnlﬁdl +S7Jl%)e@8 svedina$ intresponse to

0o e L e s T, WIS cas i TYBE 2 41 tbelicipatient s Bheglyes
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 + 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
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WO 01/81919 PCT/ USO /13378 exogenous G P, glucagon concentrations
continued to decline in control subjects and first-degree-relatives, but
did not ohangeigim Type-2 diabetic patients (Fig. 5). HOVAramalysim7¢ Tabl e
2) revealed no significant differences in B cell secretory function

bet ween the groups (p =0.27). Type-2 diabetic patients were nore 5 insulin
resi stant than control subjects (p = 0.034) and first-degree-relatives (p =

0.022). BeéMRpehoaOBIP 0flusitdhasinserdiifiohd kot teaicthhelin ¢68trdlosubjegi’i dddcant
differences existed in this respect (p = 0.25). D scussion GP has |ost

part of i t8rsi-degret-nelativgsi, buedifiawt changatn Typst diabetip pavienss OFig. 30

first-d | at i f T -2 . diabeti t.ient. Fi . d 3 Thi s |
Simlar toa vl rEoon sl e Bl eSuBRb R rRne dEe B
patients (gecre%&gf %ﬁéﬁon ﬁlﬁ%&g Hﬁggrbgpst ey £ae nfyp%t-%‘ thabetid Bﬁién%dwﬁl%%ore

i nsulinotropic ect of G P pretedes any clinically relevant disturbance
of gl udoseinkulireresistant thaaactnerol abfectssp- dedr.684)r andhtfirstedegrad-teldumds dp ner mal
or (in oneozggrect) an inpaired oral glucose tolerance. 15 The distribution

of insulin eBsEWeanecqmiiol subjeess tand TirsbdearetrEclatinesing sigpidican (differearces
suggests tgaéte@%pgﬁﬁegséﬁl(ﬁgggt%%of the first-degree relatives show a

nor mal response, al f of themrespond very nmuch |ike Type-2
di abetic patients, i.e. with a markedly reduced insulin secretory response
towards G Biscldsigh 3, right panels). This proportion is simlar to the
percentage of first-degree 20 relatives of Type-2 diabetic patients that
ultimately will deveGP hab dbsitpast abiitsiingilinotrnpigseffece 4n (ap dyast Thaubpraapeofi

i nventjon therefore rehends. that .a reduyced. ipsulijot i.C respaonse

L ter b fothRedh el Remvore dieud rafitf My 250c0c) ER S patE 0%

di abetes. JOfrB(ARRH bRMBRLICRANTINE HOTRHECAMteric {Biends NPT, 281085

i nsul i notropi é r spons% af %r d P al sgy pregzges ot hgrlc rflg%axtl)ol ?7(:’ ’ 9

di st ur bancAscdoz8ingharthe ppegsest stadyf, ahis Tyheced idsudinetrepicl daffeet oH &GIP iprecedas atyance

(32, 33), hyperproinsulinema (34, 35), and dimnished B-cell secretory
capacity (4iBucally)releyant, gisturbance Rfsglueose tglesanchy beqapsss gt Tirsi-degyse relatives
first-degr i i e t. j nes, the

pr esent in@g%%c?%)?{&cr%%fo e E}f&o#essurgie%gfﬁ am@%gg%gﬁgﬁ%gﬁ ﬂ)g%rg%‘%g'c ef fectiveness
of GRA3s an early ThekeistributionCbariasdlar i ssekt@n adsponsssl kd ythof etbgeabls

function which mght 30 predispose to Type-2 diabetes. 20 SUBSTI TUTE
SHEET ( RUL&migjstration of GIP suggests that approximately 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 inventioh 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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WO 01/ 81919 PCT/ USOL/ 13378 The cause of the reduced insulinotropic
effectiveness of G P in Type-2 diabetic patients and in the tested
first-degy@@igphati ves is not known. It could be a specifricandef/esrs for
exanpl e concerning the | evel of expression of G P receptors on pancreatic
B cells in Type-2 diabetic patients (14). One possibility is mutations in
the 5 QP receptor leading to an inpaired interaction with its ligand, G P,

or a reduced expresyheiagde dfiBie FEdlice® GaliabIroHie cffectivghigsedf GBNE Type-2
transcription, translation, or posttranslational nodifications affecting

i ts bi ol ogdieb¢ticapatientst gnd Borhentssiphifintsdagnee relatives Ps Mot &pown. clidionldl P8e) or
pronoter regi I n. hurans, hqwever, hav ot -been found ciated with
Type-2 di aﬂ%ﬂ%@z. c_i‘Tr}FCti’ 0518’6"“918? fop?q{&nﬁ_ﬂgﬁg?v%t eerxPE%Sﬂ%ngﬁﬁzpé?cePf%_s &P 10
signal " agslichic 3 cOR! VPV iBRChichR. (1BRCDIRDARYSNI fs Titbfiods s alet | C
patients, P-1 sti I's Very effective in augnmenting insulin secretory
responses GBP récepbot, 1e3ding toGiP impalredl Rtcractivar withose lighnd,h61R,0opaneducedof

intracel lul ar signal transduction apart fromitheir receptor nolecules,
whi ch are exmressiaanef fieg GAB Teerpterr dus i@ deducgd ARNKe tighsraiption; gapdation, or

tively (39:45),, This. al , ' - ific o h
15 ener al PR ARhE BPuBRIFR Ikl AR thiobSalachiy PR Hofpi AT BL ufcTO"
with all Gk ?édefi@ﬁ?‘iodﬁhﬁ%)i ot profiofer frbgich ikl BAMERS, Molaléry Bave ddtehepti Eamat

invention further conprehends that the inpairment in GP function found in
t he presenassetiawyg with Gype-didiabetesr dt isawpaetyslikaly that odwd cBmpengnts ohidei @R i n

and 20105 emly s o Bty Guf, BELeEave, SRS v eR o chne 7 bt pandld " "
function h . I ' = V. ) ia@beti c
patients W@?}}p@%?@g é%)g%?’ éfﬁéﬁﬂ in{] a‘%%rgéhlilgqg%‘gﬁlée?{ééﬁlﬁe&?%dusgst ?Jg(r?\r’ |23ng r%ggsur es
of B cell &FRmad @lP-pahaahestofiied edmpenens ofrintracelinknBjgnat frasddsctidnnapahte

fasting state and under hyperglycem c conditions found in the present
exani nat i offosuthel nseenton mplseesavhish pes differest apgide ney seaspreastsvitinthsr oflasr 25

mechani sm ¢ont | at ed .by present in tion is. .t a I e

m ght act ﬁﬁandzqgwgﬁ‘éﬁl&(?%ﬁ%y ﬁﬂgsaislorr&‘/?g'gltﬁi é]%lEtBl-tocgl zé'?prc]gc? hce&?%egttﬁ%%sast ate
as wel {5 as gedegl@lr impainaéd! YL BricellChindiién anSTypod zdigbetil pagarntang, shichvedi 100

pnol /1 of the other incretin hornone, G.P-1, to be necessary to nake B

cel | s respbkelihped: dsglintebdirstdggreerredafivehaned t hi s phenomenon i nduction of

"gl ucose conpet ence"

are nore typical for TéFl_%vr\%\é% qu%ﬁt?cﬁxtﬁ.ﬁtq?égrcgéﬁp% n%asa\%&’?ggie %R%%ﬂ%q?g?l ns/ l)f
appr oxi mat glntida KRl thd phdsBnd StR1yCRIdn¥ JTRevdthRsphéts bReédueed B2kl 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/1 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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SUBSTI TUTE SHEET (RULE 26) WO 01/81919 PCT/USO /13378 humans (3, 52-54).
But antagonising GLP-1 effects using exendin [9-36 amde] in the basal
state i ngy@agemdig@l ucagon, pointing to an effect on islets patr/ishess7s ow,
fasting concentrations (55). Considering the al nost equival ent
dose-response rel ationships for both incretin hornones in the perfused
pancreas (56), it may be hypothesised that basal 5 G P is necessary for the
-i nduct i onp@hansgBU62-34) C B ahRpeEsingd GV | effetlRarsafpos@ndich®-36 edidepih afef ect
of hyper gI&em’ a (under clanp conditions, Fig. 2) on insulin secretion in
first-degrbasal efatet ingesnsechglusegan, ch@itling ta e efEes @guistate abfthese dawe fasting
activity in_these suypjects. .lnsuljn resistance is another phenot.\ypi
* pecul i ari tprGanﬁjlﬁé@;? i ap2hY rmﬁdhﬁﬁh(@ﬁfgl,llvéﬁg (?qseﬁgssooafesgelﬁggﬂiﬁgs for
recogni sednd ;fd §585:R8 ; i ook s . Ml i i I
accepted th%ttﬂ ‘%%%t? Is]ecr eI?i@cl)IE\ ﬁglegéégiﬁ?id g%]%r%% r(g%?erg% ?g Elpllbér)\thg%ieg ??lﬁt\?fa?gl Kave
"to be [ esGiP is necesshey footiexindadtionadfl “glacest scoafpeleppe™ 3s dvellbeTherefore, s of
interest whether our first-degree relatives djspl alg features of both

| nsul i n r eEsdueetheffech 0f hyrpraliceda fudey rlamperonditions, Figs iz PUHEMAITLETSHISs may
o TS SsIAg HOM :
(a5 det or rini BgPEReciailn B0 i b B Dol e e R O AN

sanme subj eglse & tdi spl ayed a reduced i nsulinotropic effectiveness of
exogenous G P. erefore, we have, characterised a reduction in B cell
secretory function kmsdlimgesistaacecisndniotier nheootypsnpecubifriy ef(Tlypetdsdightic on
and insulin resistance. | n conclusion,, . haye de str a, reduyced.
sul | e rBpieats. 309 3 Risciih, BFSctet e O R T Eb AL 2 APa pince it
first-degr RSeh aﬁg'a\éee?t&f thbY BEthZsetichibR defoctsPild £Rbduckd ifANRALAS P! Rave
heal t hy conttol subjects. This is a new phenotypic abnormality ini such
subj ects, whbecpresay iberdge netxpiainlall faeteohTyd2 diRbeies ciheas of int@resiuwhdtbérdt |
W 1979. The incretin concept today. Diabetologia 25 16: 75-85. 2. .

Cr eut zf el dour fgst-degrenktlanves gisplaydpaturssiol hgHNBNEND Kststangs ARE MBRAIRY) Ryl

D abet es/ Met ah. Rev,8; 1 7 . i . Bar tel '
Ebert, R A ! eH?'zqgeﬁg)M KV@‘“’%@&?% ggfﬂﬁlgﬁ %@qlﬁgﬁﬁ(ﬁb? P%g? gﬂgsfggct%lsl b(%f
exogenpis Mt Hedlif rétinidite (39 dadfhinkd bynhe HOMIA nvdkel)pead hetea @iadacteristic

gl ucagon-1li ke peptide-I1-(7-36) am de infused at near- 22 )
feature of the same subjects that displayed a reduced insulinotropic effectiveness of

exogenous GIP. Therefore, we have. characterised a reduction in B cell secretory
function and not the combined occurrence of B cell dysfunction and insulin resistaﬁce.
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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VE CLAI Mwa@ o1/84omet hod for determ ning whet her an indi vi du@cTisosusoept i bl e
to developing inpaired glucose tolerance (1GI), inpaired fasting glucose
(IFG, or Type- 2 diabetes, conprising: (i) admnistering to at |east one

i ndi vidual at |east one pol ypeptide selected fromthe group consisting of
a gastri c WEhChiAId:y pol ypeptide (@ P) and a biologically active AP
variant, or any conbination thereof; wherein said polypeptide is
optionally conbined with a pharnmaceuti_call acceptable carrier or

exci pi ent; (ii)lassedsmfghaddor é@ﬁéﬁ%@ﬂ&fwg%m%f iapdingdivideal {5 saseeptible to

*admnistratian. . (4] I id p . €0 mcand  v)

et er m ni ri P nplre YRR B ARG DA S Sr S R P BB e <o
_devel opi n@ Higbetes,ompHsidgspe- 2 di abetes. 2. The nmethod according to claim
1, wherein said individual exhibits at |east one indicia of susceptibility

for devel opi ng (ype- adminigbeningsto 4 deasdonssindiyiduahetcleasTppe pRlypepiidst sstected. The
met hod of claim1, ereln the assessed.respanse.i.s an insul.in sponse.
T The method of ol aRme gra T RHEE 856 E8880 LT de VEPH GRS ARE A
response. 5. The netJpthRLas! 2Lk &1p el By tﬁﬁtﬁﬁﬁ?&fjth A& einS @
gl ucose response. 6. A%Eat&f orl det e\ro%lqnllﬁhg e% er an | ng@?duaﬁeilns
suscepti bl e to devel syid pglypegtide ik bftiomilly Typbineddiidh & pharmaventivallyi ng at
| east one pol ypeptide selected fromthe
acceptable carrier or excipient;

(ii) assessing the response of said individual to said administration;

(ili)  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 1, 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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group consisting of a gastric inhibitory polypeptide (@P) and a
biologically active AP variant, or any conbination thereof; wherein said
pol ypept iwle oi/s19apti onal | y conbined wi th a pharnaceuti cal IpcTacoepsal e
carrier or excipient, and at |east one neans for -35 SUBSTI TUTE SHEET
(RULE 26) WD 01/81919 PCT/ USCQL/ 13378 determ ning whet her said individual
is susceptible to developing IGI, IFG or Type-2 diabetes. 7. The kit of
claim6, whaesiifingavhethel said pididaudlSs isascaptiblelts desaoping dGToIFGs or Type-2

| yophilized. 8. The nethod of claim2, wherein said indiciais that said

i ndi vi dual diabetgs. first-degree relative of at |east one individual who has
Type-2 di abetes. 9. The method of claim2, wherein said indiciais that

*said individual 5is 4§he &ﬁ%fsclz(ﬁﬁ] glg‘gh il %gﬁbolyé%m%h tfl}ﬁ&ljr J}uﬁ&f‘hmcf i

wherein said i nd| cia hat™ sal &

cI aim 2, V\j’j@pmlhﬂedsal d indiciais that sai d indi vi dual has | GT. 12. The

Y et hod of claim2, wherein said indicia is that said individual has |FG
13. The method accor di ng to claim1, wherein said individual exhibits at

| east one indicBa of Thgmmti of tlainy 2% ovherin shigpindigia STthabsaid indbwidndtiswave
| GTI. 14. F t hod .0 1, wherei. ai.d is GP. 15. The

kit of cl alfits g’iﬁﬁé?léWF gg’i‘tg]eﬁgf)%@ﬂfv‘%@? |“§1ocgoagl.%5&tér‘ﬁ€ et hod of claim 1,

further conpri si ng, prior to said assessing step, admnistering at |east

one nutrient togsai drndehethGét claihd 2, wﬁereﬂ?sii@%cﬁ&a% flaisdifl indibRIuEI B 4321 d
nutrient is glucose. 18. The method according to claim1, wherein said

i ndi vi dual yeaxhobagesoradlded. east one indicia of susceptibili ty for devel opi ng
| FG but does not have |FG -36- SUBSTI TUTE SHEET (RULE 26)

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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