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(57) ABSTRACT 

The present invention concerns combination of an amount of 
a GPR119 agonist With an amount of a dipeptidyl peptidase 
IV (DPP-IV) inhibitor such that the combination provides an 
effect in loWering a blood glucose level or in increasing a 
blood GLP-l level in a subject over that provided by the 
amount of the GPR119 agonist or the amount of the DPP-IV 
inhibitor alone and the use of such a combination for treating 
or preventing diabetes and conditions related thereto or con 
ditions ameliorated by increasing a blood GLP-l level. The 
present invention also relates to the use of a Gprotein-coupled 
receptor to screen for GLP-l secretagogues. 
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COMBINATION THERAPY FOR THE 
TREATMENT OF DIABETES AND 

CONDITIONS RELATED THERETO AND FOR 
THE TREATMENT OF CONDITIONS 

AMELIORATED BY INCREASING A BLOOD 
GLP-1 LEVEL 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. Ser. No. 
11/328,405, ?led on Jan. 9, 2006, Which in turn claims the 
bene?t of US. Ser. Nos. 60/643,086, ?led Jan. 10, 2005, 
60/683,172, ?led May 19, 2005, and 60/726,880, ?led Oct. 
14, 2005, each of Which is hereby incorporated by reference 
in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to compositions and 
methods for treating or preventing diabetes and conditions 
related thereto. The present invention further relates to com 
positions and methods for increasing a blood GLP-l level in 
a mammal. The present invention also relates to methods of 
using a G protein-coupled receptor to screen for GLP-l secre 
tagogues. 

BACKGROUND OF THE INVENTION 

[0003] The following discussion is intended to facilitate the 
understanding of the invention, but is not intended nor admit 
ted to be prior art to the invention. 
[0004] A. Diabetes 
[0005] Type 2 diabetes is one of the most common chronic 
diseases. Type 2 diabetes is characteriZed by fasting and 
postprandial hyperglycemia and by relative insulin insu?i 
ciency. Hyperglycemia may cause long-term microvascular 
and macrovascular complications, such as nephropathy, neu 
ropathy, retinopathy, and peripheral vascular disease. In addi 
tion, Type 2 diabetes is a comorbid disease that frequently 
compounds hyperlipidemia, atherosclerosis and hyperten 
sion. Hyperlipidemia is a primary risk factor for cardiovas 
cular disease due to atherosclerosis. Obesity is a Well knoWn 
common risk factor for the development of atherosclerosis, 
stroke, hypertension and Type 2 diabetes. Type 2 diabetes 
causes signi?cant morbidity and mortality at considerable 
expense to patients, their families and society. The incidence 
of Type 2 diabetes in the United States is about 7% and 
accounts for as much as 10% of all health care dollars. Fur 
thermore, the incidence of Type 2 diabetes WorldWide is 
increasing such that Type 2 diabetes is noW considered to be 
a WorldWide epidemic. 

[0006] B. Glucagon-Like Peptide-1 (GLP-l) 
[0007] Glucagon-like peptide-1 (GLP-1) is an incretin hor 
mone derived from the posttranslational modi?cation of pro 
glucagon and secreted by gut endocrine cells. GLP-l medi 
ates its actions through a speci?c G protein-coupled receptor 
(GPCR), namely GLP-lR. GLP-1 is best characteriZed as a 
hormone that regulates glucose homeostasis. GLP-l has been 
shoWn to stimulate glucose-dependent insulin secretion and 
to increase pancreatic beta cell mass. GLP-l has also been 
shoWn to reduce the rate of gastric emptying and to promote 
satiety. The e?icacy of GLP-1 peptide agonists in controlling 
blood glucose in Type 2 diabetics has been demonstrated in 
several clinical studies [see, e.g., Nauck et al., Drug NeWs 
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Perspect (2003) 16:413-422], as has its e?icacy in reducing 
body mass [Zander et al., Lancet (2002) 359:824-830]. 
[0008] GLP-1 receptor agonists are additionally useful in 
protecting against myocardial infarction and against cogni 
tive and neurodegenerative disorders. GLP-l has been shoWn 
to be cardioprotective in a rat model of myocardial infarction 
[Bose et al., Diabetes (2005) 54:146-151], and GLP-lR has 
been shoWn in rodent models to be involved in learning and 
neuroprotection [During et al., Nat Med (2003) 9: 1 173-1 179; 
and Greig et al., Ann NYAcad Sci (2004) 1035:290-315]. 
[0009] Certain disorders such as Type 2 diabetes are char 
acteriZed by a de?ciency in GLP-l [see, e.g., Nauck et al., 
Diabetes (2004) 53 Suppl 3:S190-196]. 
[0010] Current GLP-l peptide agonists suffer from a lack 
of oral bioavailability, negatively impacting patient compli 
ance. Efforts to develop orally bioavailable non-peptidergic, 
small-molecule agonists of GLP-lR have so far been unsuc 
cessful [Mentlein, Expert Opin Investig Drugs (2005) 14:57 
64]. An attractive alternative approach is to develop an orally 
active composition for increasing an endogenous level of 
GLP-1 in the blood. 
[0011] C. GPR119 
[0012] GPR1 19 Gprotein-coupled receptor (GPR1 19; e.g., 
human GPR119, GenBank® Accession No. AAP72125 and 
alleles thereof; e.g., mouse GPR119, GenBank® Accession 
No.AY288423 and alleles thereof) is selectively expressed on 
pancreatic beta cells. GPR1 19 activation leads to elevation of 
a level of intracellular cAMP, consistent With GPR119 being 
coupled to Gs. Agonists to GPR1 19 stimulate glucose-depen 
dent insulin secretion in vitro and loWer an elevated blood 
glucose level in vivo. See, e.g., International Applications 
WO 04/065380, WO 04/076413, and EP 1338651, the dis 
closure of each of Which is herein incorporated by reference 
in its entirety. In the patent literature, GPR119 has been 
referred to as RUP3 (see, e.g., International Application WO 
00/31258). 
[0013] D. Dipeptidyl Peptidase IV (DPP-IV) 
[0014] Dipeptidyl peptidase IV (DPP-IV, EC 3.4.14.5) 
exhibits catalytic activity against a broad range of peptide 
substrates that includes peptide hormones, neuropeptides, 
and chemokines. The incretins glucagon-like peptide 1 (GLP 
1) and glucose-dependent insulinotropic polypeptide (GIP), 
Which stimulate glucose-dependent insulin secretion and oth 
erWise promote blood glucose homeostasis, are rapidly 
cleaved by DPP-lV at the position 2 alanine leading to inac 
tivation of their biological activity. Both pharmacological and 
genetic attenuation of DPP-IV activity is associated With 
enhanced incretin action, increased insulin, and loWer blood 
glucose in vivo. Genetic attenuation of DPP-IV activity has 
been shoWn to provide resistance to obesity and to improve 
insulin sensitivity. A second-generation DPP-IV inhibitor, 
LAF237 (Ahren et al., J Clin Endocrinol Metab (2004) 
89:2078-2084; and Villhauer et al., J Med Chem (2003) 
46:2774-2789; the disclosure of each of Which is herein incor 
porated by reference in its entirety), is currently in phase 3 
clinical trials for Type 2 diabetes and additional DPP-IV 
inhibitors are in clinical development, including MK-0431, 
BMS-477118, PSN-9301 and SYR-322. 
[0015] Because the incretin hormones are not, the only 
substrates for DPP-IV, there is concern that inhibition of the 
cleavage of other endogenous DPP-IV substrates may give 
rise to undesirable side effects [see, e.g., Chen et al, J Biol 
Regul Homeost Agents (2004) 18:47-54, the disclosure of 
Which is herein incorporated by reference in its entirety]. It 
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therefore Would be advantageous to identify an activity pro 
moting blood glucose homeostasis Which is associated With 
substantially loWer concentrations of DPP-IV inhibitor. 
[0016] E. G Protein-Coupled Receptors 
[0017] GPCRs share a common structural motif, having 
seven sequences of betWeen 22 to 24 hydrophobic amino 
acids that form seven alpha helices, each of Which spans the 
membrane (each span is identi?ed by number, i.e., transmem 
brane-l (TM-l), transmembrane-2 (TM-2), etc.). The trans 
membrane helices are joined by strands of amino acids 
betWeen transmembrane-2 and transmembrane-3, transmem 
brane-4 and transmembrane-5, and transmembrane-6 and 
transmembrane-7 on the exterior, or “extracellular” side, of 
the cell membrane (these are referred to as “extracellular” 
regions 1, 2 and 3 (EC-l, EC-2 and EC-3), respectively). The 
transmembrane helices are also joined by strands of amino 
acids betWeen transmembrane-l and transmembrane-2, 
transmembrane-3 and transmembrane-4, and transmem 
brane-5 and transmembrane-6 on the interior, or “intracellu 
lar” side, of the cell membrane (these are referred to as “intra 
cellular” regions 1, 2 and 3 (IC-l, IC-2 and IC-3), 
respectively). The “carboxy” (“C”) terminus of the receptor 
lies in the intracellular space Within the cell, and the “amino” 
(“N”) terminus of the receptor lies in the extracellular space 
outside of the cell. 

[0018] Generally, When an agonist binds to a G protein 
coupled receptor (often referred to as “activation” of the 
receptor), there is a change in the conformation of the recep 
tor that facilitates coupling betWeen the intracellular region 
and an intracellular “G-protein.” It has been reported that 
GPCRs are “promiscuous” With respect to G proteins, i.e., 
that a GPCR can interact With more than one G protein. See, 
Kenakin, T., 43 Life Sciences 1095 (1988). Although other G 
proteins may exist, currently, Gq, Gs, Gi, G2 and Go are G 
proteins that have been identi?ed. Ligand-activated GPCR 
coupling With the G-protein initiates a signaling cascade pro 
cess (referred to as “signal transduction”). Under normal 
conditions, signal transduction ultimately results in cellular 
activation or cellular inhibition. 

[0019] Gs stimulates the enZyme adenylyl cyclase. Gi (and 
G2 and Go), on the other hand, inhibit adenylyl cyclase. 
Adenylyl cyclase catalyZes the conversion of ATP to cAMP; 
thus, activated GPCRs that couple the Gs protein are associ 
ated With increased cellular levels of cAMP. On the other 
hand, activated GPCRs that couple Gi (or G2, Go) protein are 
associated With decreased cellular levels of cAMP. See, gen 
erally, “Indirect Mechanisms of Synaptic Transmission,” 
Chpt. 8, From Neuron To Brain (3rd Ed.) Nichols, J. G. et al 
eds. Sinauer Associates, Inc. (1992). Thus, assays that detect 
cAMP can be utiliZed to determine if a candidate compound 
is, e.g., an agonist to the receptor (i.e., such a compound 
Would increase the levels of cAMP). Gq and Go are associ 
ated With activation of the enZyme phospholipase C, Which in 
turn hydrolyZes the phospholipid PIP2, releasing tWo intrac 
ellular messengers: diacyclglycerol (DAG) and inositol 1,4, 
5-triphosphate (IP3). Increased accumulation of IP3 is asso 
ciated With activation of Gq- and Go-associated receptors. 
See, generally, “Indirect Mechanisms of Synaptic Transmis 
sion,” Chpt. 8, From Neuron To Brain (3rd Ed.) Nichols, J. G. 
et al eds. Sinauer Associates, Inc. (1992). Assays that detect 
IP3 accumulation can be utiliZed to determine if a candidate 
compound is, e.g., an agonist to a Gq- or Go-associated recep 
tor (i.e., such a compound Would increase the levels of IP3). 
Assay that detect the level of intracellular free calcium can 
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also be utiliZed to determine if a candidate compound is, e. g., 
an agonist to a Gq or Go-associated receptor (i.e., such a 
compound Would increase the levels of intracellular free cal 
cium) See, e.g., Table A (“N/A”: “not applicable”). 

TABLE A 

Effect on IP3 

Effect on cAMP Accumulation Effect on 

Production upon upon cAMP 
Activation of Activation Production Effect on IP3 
GPCR (i.e., ofGPCR (i.e., upon Accumulation 
constitutive constitutive contact upon 
activation or activation or With an contact With 

G agonist agonist Inverse an Inverse 
protein binding) binding) Agonist Agonist 

Gs Increase N/A Decrease N/A 
Gi Decrease N/A Increase N/A 
GZ Decrease N/A Increase N/A 
Go Decrease Increase Increase Decrease 
Gq N/A Increase N/A Decrease 

[0020] There are also promiscuous G proteins, Which 
appear to couple several classes of GPCRs to the phospholi 
pase C pathWay, such as Gotl5 or Gotl6 [Offermanns & 
Simon, J Biol Chem (1995) 270115175-80], or chimeric G 
proteins designed to couple a large number of different 
GPCRs to the same pathWay, e. g. phospholipase C [Milligan 
& Rees, Trends in Pharmaceutical Sciences (1999) 20:118 
24]. 
[0021] Under physiological conditions, GPCRs exist in the 
cell membrane in equilibrium betWeen tWo different confor 
mations: an “inactive” state and an “active” state. A receptor 
in an inactive state is unable to link to the intracellular sig 
naling transduction pathWay to initiate signal transduction 
leading to a biological response. Changing the receptor con 
formation to the active state alloWs linkage to the transduction 
pathWay (via the G-protein) and produces a biological 
response. 
[0022] A receptor may be stabiliZed in an active state by a 
ligand or a compound such as a drug. Recent discoveries, 
including but not exclusively limited to modi?cations to the 
amino acid sequence of the receptor, provide means other 
than ligands or drugs to promote and stabiliZe the receptor in 
the active state conformation. These means effectively stabi 
liZe the receptor in an active state by simulating the effect of 
a ligand binding to the receptor. Stabilization by such ligand 
independent means is termed “constitutive receptor activa 
tion.” An endogenous receptor exhibiting activity in the 
absence of ligand is referred to as a constitutively active 
endogenous receptor. 

SUMMARY OF THE INVENTION 

[0023] The present invention concerns combination of an 
amount of a GPRl l9 agonist With an amount of a dipeptidyl 
peptidase IV (DPP-IV) inhibitor such that the combination 
provides an effect in loWering a blood glucose level in a 
subject over that provided by the amount of the GPRll9 
agonist or the amount of the DPP-IV inhibitor alone and the 
use of such a combination for treating or preventing diabetes 
and conditions related thereto. The present invention further 
concerns combination of an amount of a GPRll9 agonist 
With an amount of a dipeptidyl peptidase IV (DPP-IV) inhibi 
tor such that the combination provides an effect in increasing 
a blood GLP-l level in a subject over that provided by the 
amount of the GPRl l9 agonist or the amount of the DPP-IV 
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inhibitor alone and the use of such a combination for treating 
or preventing a condition ameliorated by increasing a blood 
GLP-l level or for increasing a blood GLP-l level in a subject 
de?cient in GLP-l. The present invention also relates to 
methods of using GPRll9 G protein-coupled receptor to 
screen for GLP-l secretagogues. 
[0024] In a ?rst aspect, the present invention features a 
method of treating or preventing diabetes or a condition 
related thereto comprising administering to a subject in need 
thereof a therapeutically effective amount of a composition 
comprising or consisting essentially of a GPRl l9 agonist and 
a DPP-IV inhibitor. In certain embodiments, the GPRll9 
agonist and the DPP-IV inhibitor are administered in amounts 
suf?cient to loWer a blood glucose level in the subject. In 
certain embodiments, the blood glucose level is an elevated 
blood glucose level. 
[0025] The present invention additionally features a 
method of treating or preventing a condition ameliorated by 
increasing a blood GLP-l level comprising administering to a 
subject in need thereof a therapeutically effective amount of a 
composition comprising or consisting essentially of a 
GPRl l9 agonist and a DPP-IV inhibitor. In certain embodi 
ments, the GPRll9 agonist and the DPP-IV inhibitor are 
administered in amounts suf?cient to increase a blood GLP-l 
level in the subject. 
[0026] The present invention additionally features a 
method of increasing a blood GLP-l level comprising admin 
istering to a subject de?cient in GLP-l a therapeutically 
effective amount of a composition comprising or consisting 
essentially of a GPRl l9 agonist and a DPP-IV inhibitor. In 
certain embodiments, the GPRll9 agonist and the DPP-IV 
inhibitor are administered in amounts su?icient to increase a 
blood GLP-l level in the subject. 
[0027] In certain embodiments, diabetes is Type 2 diabetes. 
[0028] In certain embodiments, the condition related to 
diabetes is selected from the group consisting of hyperglyce 
mia, impaired glucose tolerance, insulin resistance, pancre 
atic beta-cell insuf?ciency, enteroendocrine cell insu?i 
ciency, glucosuria, metabolic acidosis, cataracts, diabetic 
nephropathy, diabetic neuropathy, diabetic retinopathy, dia 
betic coronary artery disease, diabetic cerebrovascular dis 
ease, diabetic peripheral vascular disease, metabolic syn 
drome, hyperlipidemia, atherosclerosis, stroke, hypertension, 
and obesity. 
[0029] In certain embodiments, the condition ameliorated 
by increasing a blood GLP-l level is selected from the group 
consisting of diabetes, a condition related to diabetes, myo 
cardial infarction, learning impairment, memory impairment, 
and a neurodegenerative disorder. 
[0030] In certain embodiments, the condition ameliorated 
by increasing a blood GLP-l level is a neurodegenerative 
disorder selected from the group consisting of excitotoxic 
brain damage caused by severe epileptic seiZures, Alzhe 
imer’s disease, Parkinson’s disease, Huntington’s disease, 
prion-associated disease, stroke, motor-neuron disease, 
learning or memory impairment, traumatic brain injury, spi 
nal cord injury, and peripheral neuropathy. 
[0031] In certain embodiments, the subject is a human. 
[0032] In a second aspect, the present invention features a 
composition comprising or consisting essentially of a 
GPRl l9 agonist and a DPP-IV inhibitor. In certain embodi 
ments, the present invention relates to a dosage form of the 
composition Wherein the GPRll9 agonist and the DPP-IV 
inhibitor are in amounts suf?cient to loWer a blood glucose 
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level in a subject. In certain embodiments, the blood glucose 
level is an elevated blood glucose level. In certain embodi 
ments, the present invention relates to a dosage form of the 
composition Wherein the GPRl l9 agonist and the DPP-IV 
inhibitor are in amounts su?icient to increase a blood GLP-l 
level in a subject. 

[0033] 
[0034] In a third aspect aspect, the present invention fea 
tures a composition comprising or consisting essentially of a 
GPRl l 9 agonist and a DPP-IV inhibitor for use in a method 
of treatment of the human or animal body by therapy. In 
certain embodiments, the present invention relates to a do sage 
form of the composition Wherein the GPRl l9 agonist and the 
DPP-IV inhibitor are in amounts suf?cient to loWer a blood 
glucose level in a subject. In certain embodiments, the blood 
glucose level is an elevated blood glucose level. In certain 
embodiments, the present invention relates to a dosage form 
of the composition Wherein the GPRl l9 agonist and the 
DPP-IV inhibitor are in amounts su?icient to increase a blood 
GLP-l level in a subject. 

[0035] The present invention additionally features a com 
position comprising or consisting essentially of a GPRl l9 
agonist and a DPP-IV inhibitor for use in a method of treat 
ment or prevention of diabetes or a condition related thereto 
of the human or animal body by therapy. In certain embodi 
ments, the present invention relates to a dosage form of the 
composition Wherein the GPRl l9 agonist and the DPP-IV 
inhibitor are in amounts su?icient to loWer a blood glucose 
level in a subject. In certain embodiments, the blood glucose 
level is an elevated blood glucose level. 

[0036] The present invention additionally features a com 
position comprising or consisting essentially of a GPRl l9 
agonist and a DPP-IV inhibitor for use in a method of treat 
ment or prevention of a condition ameliorated by increasing a 
blood GLP-l level of the human or animal body by therapy. In 
certain embodiments, the present invention relates to a do sage 
form of the composition Wherein the GPRl l9 agonist and the 
DPP-IV inhibitor are in amounts su?icient to increase a blood 
GLP-l level in a subject. 

[0037] The present invention additionally features a com 
position comprising or consisting essentially of a GPRl l9 
agonist and a DPP-IV inhibitor for use in a method of treat 
ment or prevention of a de?ciency of GLP-1 of the human or 
animal body by therapy. In certain embodiments, the present 
invention relates to a dosage form of the composition Wherein 
the GPRl l 9 agonist and the DPP-IV inhibitor are in amounts 
suf?cient to increase a blood GLP-l level in a subject. 

[0038] 
[0039] In a fourth aspect, the present invention features a 
method of preparing a pharmaceutical composition, said 
method comprising or consisting essentially of admixing a 
GPRll9 agonist and a DPP-IV inhibitor, together With at 
least one pharmaceutically acceptable carrier. In certain 
embodiments, the method further comprises the step of pre 
paring a dosage form of the pharmaceutical composition 
Wherein the GPRl l 9 agonist and the DPP-IV inhibitor are in 
amounts su?icient to loWer a blood glucose level in a subject. 
In certain embodiments, the blood glucose level is an elevated 
blood glucose level. In certain embodiments, the method 
further comprises the step of preparing a dosage form of the 
pharmaceutical composition Wherein the GPRll9 agonist 
and the DPP-IV inhibitor are in amounts su?icient to increase 
a blood GLP-l level in a subject. 

In certain embodiments, the subject is a human. 

In certain embodiments, the subject is a human. 
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[0040] In certain embodiments, the subject is a human. 
[0041] In a ?fth aspect aspect, the present invention fea 
tures a pharmaceutical composition comprising or consisting 
essentially of a GPRll9 agonist and a DPP-IV inhibitor, 
together With at least one pharrnaceutically acceptable car 
rier. In certain embodiments, the present invention relates to a 
dosage form of the pharmaceutical composition Wherein the 
GPRl l9 agonist and the DPP-IV inhibitor are in amounts 
suf?cient to loWer a blood glucose level in a subject. In certain 
embodiments, the blood glucose level is an elevated blood 
glucose level. In certain embodiments, the present invention 
relates to a dosage form of the pharmaceutical composition 
Wherein the GPRl l9 agonist and the DPP-IV inhibitor are in 
amounts su?icient to increase a blood GLP-l level in a sub 
ject. 
[0042] In certain embodiments, the subject is a human. 
[0043] In a sixth aspect, the present invention features a 
method of treating or preventing diabetes or a condition 
related thereto comprising administering to a subject in need 
thereof a therapeutically effective amount of a pharmaceuti 
cal composition in accordance With the ?fth aspect. In certain 
embodiments, the GPRl l9 agonist and the DPP-IV inhibitor 
are administered in amounts su?icient to loWer a blood glu 
cose level in the subject. In certain embodiments, the blood 
glucose level is an elevated blood glucose level. 
[0044] The present invention additionally features a 
method of treating or preventing a condition ameliorated by 
increasing a blood GLP-l level comprising administering to a 
subject in need thereof a therapeutically effective amount of a 
pharmaceutical composition in accordance With the ?fth 
aspect. In certain embodiments, the GPRl l9 agonist and the 
DPP-IV inhibitor are administered in amounts su?icient to 
increase a blood GLP-l level in the subject. 
[0045] The present invention additionally features a 
method of increasing a blood GLP-l level comprising admin 
istering to a subject de?cient in GLP-l a therapeutically 
effective amount of a pharmaceutical composition in accor 
dance With the ?fth aspect. In certain embodiments, the 
GPRl l9 agonist and the DPP-IV inhibitor are administered 
in amounts su?icient to increase a blood GLP-l level in the 
subject. 
[0046] In certain embodiments, the subject is a human. 
[0047] In a seventh aspect, the present invention features 
use of a composition comprising or consisting essentially of a 
GPRl l9 agonist and a DPP-IV inhibitor for the manufacture 
of a medicament for the treatment or prevention of diabetes or 
a condition related thereto. In certain embodiments, the 
present invention relates to a dosage form of the medicament 
Wherein the GPRl l9 agonist and the DPP-IV inhibitor are in 
amounts suf?cient to loWer a blood glucose level in a subject. 
In certain embodiments, the blood glucose level is an elevated 
blood glucose level. 
[0048] The present invention additionally features use of a 
composition comprising or consisting essentially of a 
GPRl l9 agonist and a DPP-IV inhibitor for the manufacture 
of a medicament for the treatment or prevention of a condition 
ameliorated by increasing a blood GLP-l level. In certain 
embodiments, the present invention relates to a dosage form 
of the medicament Wherein the GPRl l9 agonist and the DPP 
IV inhibitor are in amounts suf?cient to increase a blood 
GLP-l level in a subject. 
[0049] The present invention additionally features use of a 
composition comprising or consisting essentially of a 
GPRl l9 agonist and a DPP-IV inhibitor for the manufacture 
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of a medicament for the treatment or prevention of a de? 
ciency of GLP-l. In certain embodiments, the present inven 
tion relates to a dosage form of the medicament Wherein the 
GPRll9 agonist and the DPP-IV inhibitor are in amounts 
suf?cient to increase a blood GLP-l level in a subject. 
[0050] In certain embodiments, the subject is a human. 
[0051] In an eighth aspect, the invention features a method 
for identifying GLP-l secretagogues or compounds useful for 
treating or preventing a condition ameliorated by increasing a 
blood GLP-l level, comprising the steps of: 

[0052] (a) contacting a test compound With a host cell or 
With membrane of a host cell that expresses a G protein 
coupled receptor, Wherein the G protein-coupled recep 
tor comprises an amino acid sequence selected from the 
group consisting of: 
[0053] (i) amino acids 1-335 of SEQ ID NO:2; 
[0054] (ii) amino acids 2-335 of SEQ ID NO:2; 
[0055] (iii) amino acids 2-335 of SEQ ID N012, With 

the proviso that the receptor does not comprise the 
amino acid sequence of SEQ ID NO:2; 

[0056] (iv) the amino acid sequence of a G protein 
coupled receptor encoded by a polynucleotide com 
prising a nucleotide sequence, said nucleotide 
sequence being the sequence obtainable by a process 
comprising performing polymerase chain reaction 
(PCR) on a human DNA sample using speci?c prim 
ers SEQ ID N013 and SEQ ID NO:4; 

[0057] (v) the amino acid sequence of a G protein 
coupled receptor encoded by a polynucleotide com 
prising a nucleotide sequence, said nucleotide 
sequence hybridiZing under stringent conditions to 
the complement of SEQ ID NOzl; and 

[0058] (vi) a biologically active fragment of any one 
of (i) to (v); and 

[0059] (b) determining the ability of the test compound 
to stimulate functionality of the receptor; Wherein the 
ability of the test compound to stimulate functionality of 
the receptor is indicative of the test compound being a 
GLP-l secretagogue or a compound useful for prevent 
ing or treating a condition ameliorated by increasing a 
blood GLP-l level. 

[0060] The invention additionally features a method for 
identifying GLP-l secretagogues or compounds useful for 
treating or preventing a condition ameliorated by increasing a 
blood GLP-l level, comprising steps (a) and (b) of this eighth 
aspect, and further comprising: 

[0061] (c) contacting a compound Which stimulates 
functionality of the receptor in step (b) in vitro With a 
mammalian enteroendocrine cell; and 

[0062] (d) determining Whether the compound stimu 
lates GLP-l secretion from the mammalian enteroendo 
crine cell; 

Wherein the ability of the test compound to stimulate GLP-l 
secretion from the mammalian enteroendocrine cell is indica 
tive of the test compound being a GLP-l secretagogue or a 
compound useful for treating or preventing a condition ame 
liorated by increasing a blood GLP-l level. 
[0063] The invention additionally features a method for 
identifying GLP-l secretagogues or compounds useful for 
treating or preventing a condition ameliorated by increasing a 
blood GLP-l level, comprising steps (a) and (b) of this eighth 
aspect, and further comprising: 

[0064] (c) administering a compound Which stimulates 
functionality of the receptor in step (b) to a mammal; and 
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[0065] (d) determining Whether the compound increases 
a blood GLP-1 level in the mammal; 

Wherein the ability of the test compound to increase a blood 
GLP-1 level in the mammal is indicative of the test compound 
being a GLP-1 secretagogue or a compound useful for treat 
ing or preventing a condition ameliorated by increasing a 
blood GLP-1 level. In certain embodiments, the mammal is a 
non-human mammal. 
[0066] In certain embodiments, the identi?ed GLP-1 secre 
tagogue or the identi?ed compound useful for treating or 
preventing a condition ameliorated by increasing a blood 
GLP-1 level is an agonist of the receptor. In some embodi 
ments, the agonist is a partial agonist. 
[0067] In certain embodiments, the receptor is coupled to a 
G protein. In certain embodiments, the G protein is Gs. 
[0068] In certain embodiments, the human DNA sample is 
human genomic DNA. 
[0069] In certain embodiments, the process is RT-PCR (re 
verse transcription-polymerase chain reaction). RT-PCR 
techniques are Well knoWn to the skilled artisan. 
[0070] In certain embodiments, the human DNA sample is 
human cDNA. In certain embodiments, the cDNA is from a 
human tissue that expresses GPR1 19. In some embodiments, 
the human tissue that expresses GPR1 19 is pancreas, pancre 
atic islet, colon, small intestine, or fetal liver. In certain 
embodiments, the cDNA is from a human cell type that 
expresses GPR119. In some embodiments, the cDNA is from 
a pancreatic beta cell line or an enteroendocrine cell line. 

[0071] In certain embodiments, stringent hybridization 
conditions comprise hybridization at 420 C. in a solution 
comprising 50% formamide, 5><SSC (150 mM NaCl, 15 mM 
trisodium citrate), 50 mM sodium phosphate (pH 7.6), 5>< 
Denhardt’s solution, 10% dextran sulfate, and 20 ug/ml dena 
tured, sheared salmon sperm DNA, folloWed by Washing at 
65° C. in a solution comprising 0.1><SSC. Hybridization tech 
niques are Well knoWn to the skilled artisan. 
[0072] In certain embodiments, the G protein-coupled 
receptor encoded by a polynucleotide comprising a nucle 
otide sequence, said nucleotide sequence hybridizing under 
stringent conditions to the complement of SEQ ID NO: 1, 
exhibits a biological activity selected from the group consist 
ing of increasing a level of intracellular cAMP and binding a 
knoWn ligand of GPR119. In certain embodiments, the 
encoded G protein-coupled receptor increases a level of intra 
cellular cAMP and binds a knoWn ligand of GPR119. 
[0073] In some embodiments, the G protein-coupled recep 
tor is part of a fusion protein comprising a G protein. Tech 
niques for making a GPCR:G fusion construct are Well knoWn 
to the skilled artisan (see, e.g., International Application WO 
02/ 4246 1 ). 
[0074] In some embodiments, the G protein-coupled recep 
tor is recombinant. 

[0075] In certain embodiments, the host cell comprises an 
expression vector, said expression vector comprising a poly 
nucleotide encoding the G protein-coupled receptor. In some 
embodiments, the expression vector is pCMV. This vector 
Was deposited With the American Type Culture Collection 
(ATCC) on Oct. 13, 1998 (10801 University Blvd., Manassas, 
Va. 20110-2209 USA) under the provisions of the Budapest 
Treaty for the International Recognition of the Deposit of 
Microorganisms for the Purpose of Patent Procedure. The 
DNA Was tested by the ATCC and determined to be viable. 
The ATCC has assigned the folloWing deposit number to 
pCMV: ATCC #203351. Other suitable expression vectors 
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Will be readily apparent to those of ordinary skill in the art, 
and a Wide variety of expression vectors are commercially 
available (e.g., from Clontech, Palo Alto, Calif.; Stratagene, 
La Jolla, Calif.; and Invitrogen, Carlsbad, Calif.). 
[0076] In some embodiments, the host cell is mammalian. 
In some embodiments, the mammalian host cell is selected 
from the group consisting of 293, 293T, CHO, MCB3901, 
and COS-7. In some embodiments, the host cell is melano 
phore. In some embodiments, the host cell is an enteroendo 
crine cell. In some embodiments, the enteroendocrine cell is 
GLUTag-Fro cell line. Other suitable host cells Will be readily 
apparent to those of ordinary skill in the art, and a Wide variety 
of cell lines are available from the American Type Culture 
Collection, 10801 University Boulevard, Manassas, Va. 
201 10-2209. 
[0077] In certain embodiments, said determining is consis 
tent With the G protein-coupled receptor being a Gs-coupled 
receptor. 
[0078] In some embodiments, said determining is consis 
tent With the G protein-coupled receptor being coupled 
through a promiscuous G protein, such as G0t15 or G0t16, to 
the phospholipase C pathWay. Promiscuous G proteins are 
Well knoWn to the skilled artisan [see, e. g., Offermanns et al., 
J Biol Chem (1995) 270:15175-15180]. In some embodi 
ments, said determining is consistent With the G protein 
coupled receptorbeing coupled through a chimeric G protein, 
eg to the phospholipase C pathWay. Chimeric G proteins are 
Well knoWn to the skilled artisan [see, e.g., Milligan et al., 
Trends in Pharmaceutical Sciences (1999) 20:118-124; and 
WO 02/42461]. 
[0079] In some embodiments, said determining is through 
the measurement of a level of a second messenger selected 
from the group consisting of cyclic AMP (cAMP), cyclic 
GMP (cGMP), inositol 1,4,5-triphosphate (IP3), diacylglyc 
erol (DAG), MAP kinase activity, MAPK/ERK kinase 
kinase-1 (MEKKI) activity, and Ca2+. In some preferred 
embodiments, the second messenger is cAMP. In certain pre 
ferred embodiments, a level of intracellular cAMP is 
elevated. 
[0080] In certain embodiments, said determining is carried 
out With membrane comprising the G protein-coupled recep 
tor. 

[0081] In certain embodiments, said determining is through 
the use of a melanophore assay. In some preferred embodi 
ments, a level of pigment dispersion is elevated. 
[0082] In some embodiments, said determining is through 
the measurement of an activity mediated by elevation of a 
level of intracellular cAMP. In some embodiments, said activ 
ity is stimulation of GLP-1 secretion. 
[0083] In some embodiments, said determining is through 
CRE-Luc reporter assay. In some preferred embodiments, a 
level of luciferase activity is elevated. 
[0084] In some embodiments, said determining is through 
the measurement of GTPYS binding to membrane comprising 
the G protein-coupled receptor. In some preferred embodi 
ments, said GTPyS is labeled With [3 5 S]. In some preferred 
embodiments, said GTPyS binding to membrane comprising 
the GPCR is elevated. 

[0085] In some embodiments, the test compound is a small 
molecule. In some embodiments, the test compound is a small 
molecule, With the proviso that the small molecule is not a 
polypeptide. In some embodiments, the test compound is a 
small molecule, With the proviso that the small molecule is 
not an antibody or an antigen-binding fragment thereof. In 
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some embodiments, the test compound is a small molecule, 
With the proviso that the small molecule is not a lipid. In some 
embodiments, the test compound is a small molecule, With 
the proviso that the small molecule is not a polypeptide or a 
lipid. In some embodiments, the test compound is a polypep 
tide. In some embodiments, the test compound is a polypep 
tide, With the proviso that the polypeptide is not an antibody 
or an antigen-binding fragment thereof. In some embodi 
ments, the test compound is a lipid. In some embodiments, the 
test compound is not an antibody or an antigen-binding frag 
ment thereof. In some embodiments, the test compound is an 
antibody or an antigen-binding fragment thereof. 
[0086] In some embodiments, the method further com 
prises synthesizing the GLP-l secretagogue or the compound 
useful for treating or preventing a condition ameliorated by 
increasing a blood GLP-l level. 
[0087] In some embodiments, the method further com 
prises: optionally, determining the structure of the GLP-l 
secretagogue or the compound useful for treating or prevent 
ing a condition ameliorated by increasing a blood GLP-l 
level; and providing the GLP-l secretagogue or the com 
pound useful for treating or preventing a condition amelio 
rated by increasing a blood GLP-l level or providing the 
name or structure of the GLP-l secretagogue or the com 
pound useful for treating or preventing a condition amelio 
rated by increasing a blood GLP-l level. 
[0088] In some embodiments, said method further com 
prises: optionally, determining the structure of the GLP-l 
secretagogue or the compound useful for treating or prevent 
ing a condition ameliorated by increasing a blood GLP-l 
level; optionally, providing the name or structure of the 
GLP-l secretagogue or the compound useful for treating or 
preventing a condition ameliorated by increasing a blood 
GLP-l level; and producing or synthesiZing the GLP-l secre 
tagogue or the compound useful for treating or preventing a 
condition ameliorated by increasing a blood GLP-l level. 
[0089] In some embodiments, said method further com 
prises the step of formulating the GLP-l secretagogue or the 
compound useful for treating or preventing a condition ame 
liorated by increasing a blood GLP-l level into a pharmaceu 
tical composition. 
[0090] In a ninth aspect, the invention features a method for 
identifying GLP-l secretagogues or compounds useful for 
treating or preventing a condition ameliorated by increasing a 
blood GLP-l level, comprising the steps of: 

[0091] (a) contacting a G protein-coupled receptor With 
an optionally labeled knoWn ligand to the receptor in the 
presence or absence of a test compound, Wherein the G 
protein-coupled receptor comprises an amino acid 
sequence selected from the group consisting of: 
[0092] (i) amino acids 1-335 of SEQ ID NO:2; 
[0093] (ii) amino acids 2-335 of SEQ ID NO:2; 
[0094] (iii) amino acids 2-335 of SEQ ID NO:2, With 

the proviso that the receptor does not comprise the 
amino acid sequence of SEQ ID NO:2; 

[0095] (iv) the amino acid sequence of a G protein 
coupled receptor encoded by a polynucleotide com 
prising a nucleotide sequence, said nucleotide 
sequence being the sequence obtainable by a process 
comprising performing polymerase chain reaction 
(PCR) on a human DNA sample using speci?c prim 
ers SEQ ID NO:3 and SEQ ID NO:4; 

[0096] (v) the amino acid sequence of a G protein 
coupled receptor encoded by a polynucleotide com 
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prising a nucleotide sequence, said nucleotide 
sequence hybridiZing under stringent conditions to 
the complement of SEQ ID NO:l; and 

[0097] (vi) a biologically active fragment of any one 
of (i) to (v); and 

[0098] (b) detecting the complex betWeen said knoWn 
ligand and said receptor; and 

[0099] (c) determining Whether less of said complex is 
formed in the presence of the test compound than in the 
absence of the test compound; 

Wherein said determination is indicative of the test compound 
being a GLP-l secretagogue or a compound useful for pre 
venting or treating a condition ameliorated by increasing a 
blood GLP-l level. 
[0100] In certain embodiments, the optionally labeled 
knoWn ligand is a labeled knoWn ligand. In certain embodi 
ments, the labeled knoWn ligand is a radiolabeled knoWn 
ligand. Techniques for radiolabeling a compound, such as for 
labeling a knoWn ligand of a G protein-coupled receptor of 
the invention, are Well knoWn to the skilled artisan. See, e. g., 
International Application WO 04/065380. 
[0101] Techniques for detecting the complex betWeen a G 
protein-coupled receptor and a compound knoWn to be a 
ligand of the G protein-coupled receptor are Well knoWn to 
the skilled artisan. See, e.g., International Application WO 
04/065380. 
[0102] The invention additionally features a method for 
identifying GLP-l secretagogues or compounds useful for 
treating or preventing a condition ameliorated by increasing a 
blood GLP-l level, comprising steps (a) to (c) of this ninth 
aspect, and further comprising: 

[0103] (d) contacting a compound in the presence of 
Which less of said complex is formed in step (c) in vitro 
With a mammalian enteroendocrine cell; and 

[0104] (e) determining Whether the compound stimu 
lates GLP-l secretion from the mammalian enteroendo 
crine cell; 

Wherein the ability of the test compound to stimulate GLP-l 
secretion from the mammalian enteroendocrine cell is indica 
tive of the test compound being a GLP-l secretagogue or a 
compound useful for treating or preventing a condition ame 
liorated by increasing a blood GLP-l level. 
[0105] The invention additionally features a method for 
identifying GLP-l secretagogues or compounds useful for 
treating or preventing a condition ameliorated by increasing a 
blood GLP-l level, comprising steps (a) to (c) of this ninth 
aspect, and further comprising: 

[0106] (d) administering a compound in the presence of 
Which less of said complex is formed in step (c) to a 
mammal; and 

[0107] (e) determining Whether the compound increases 
a blood GLP-l level in the mammal; 

Wherein the ability of the test compound to increase a blood 
GLP-l level in the mammal is indicative of the test compound 
being a GLP-l secretagogue or a compound useful for treat 
ing or preventing a condition ameliorated by increasing a 
blood GLP-l level. In certain embodiments, the mammal is a 
non-human mammal. 
[0108] In certain embodiments, the receptor is recombi 
nant. 

[0109] In some embodiments, the test compound is a small 
molecule. In some embodiments, the test compound is a small 
molecule, With the proviso that the small molecule is not a 
polypeptide. In some embodiments, the test compound is a 
























































































































































