
TITLE OF THE INVENTION AMINOQUINOLINE AND
AMINOQUDSfAZOLINE KINASE MODULATORS CROSS REFERENCE TO
RELATED APPLICATIONS This application claims priority
to U.S. Provisional Application for Patent No.
60/689,382, filed June 10, 2005, and U.S. Provisional
Application for Patent No. 60/747,321, filed May 16,
2006, the entire disclosures of which are hereby
incorporated in their entirely. FIELD OF THE INVENTION
The invention relates to novel compounds that function
as protein tyrosine kinase modulators. More
particularly, the invention relates to novel compounds
that function as inhibitors of FLT3 and/or TrkB.
BACKGROUND OF THE INVENTION The present invention
relates to quinolines and quinazolines as inhibitors
of tyrosine kinases, including FLT3 and TrkB.
Quinazolines have been reported with useful
therapeutic properties: US Patent Nos. 4,001,422 (DE
2530894) and 4,542,132 (EP 135318) describe
quinazolines as cardiac stimulants, and US Patent No.
3,517,005 discloses quinazolines with hypotensive and
bronchodilation activity. Cardiotonic quinazolines
have also been reported, see Chemical & Pharmaceutical
Bulletin (1990), 38(1 1), 3014-19. Quinolines have
been reported to possess utility for the inhibition of
autophosphorylation of FLT3, see PCT International
Application WO2004039782, and for the treatment of
amnesia and stroke, as well as a variety of other
conditions, see US Patents Nos. 5,300,515 (EP 497303)
and 5,866,562; and PCT International Applications
WO2004/002960 and WO2002/088107. Also of note are
WO2004058727 (substituted
3,5-dihydro-4H-imidazol-4-ones for the treatment of
obesity); WO 2000013681 (4-quinolinemethanol
derivatives as purine receptor antagonists); DE
19756388 (US 6613772) (substituted
2-aryl-4-amino-quinazolines);JP 59076082 (piperidine
derivatives); WO 1999031086 cum quinolinepiperidine
derivatives and their use as combined 5-HT1A, 5-HT1B,
and 5- HTlD receptor antagonists); US 5948786
(piperidinylpyrimidines tumor necrosis factor
inhibitors); WO 1997038992 (piperidinylpyrimidine
derivatives useful as inhibitors of tumor necrosis
factor); Ivan, Marius G. et al. Photochemistry and
Photobiology (2003), 78(4), 416-419; Sadykov, T. et
al. Khimiya Geterotsiklicheskikh Soedinenii (1985),
(4), 563; Erzhanov, K. B. et al. Zhurnal Organicheskoi
Khimii (1989), 25(8), 1729-32; Fujiwara, Norio et al.
Bioorganic & Medicinal Chemistry Letters (2000),
10(12), 1317-1320; Takai, Haraki et al. Chemical &
Pharmaceutical Bulletin (1986), 34(5), 1907-16; WO
2002069972 ((triazolylpiperazinyl)isoquinolines for
treatment of neurodegenerative diseases, brain injury
and cerebral ischemia); and GB 2295387 (quinazoline
derivatives as adrenergic 1C receptor antagonists).
Protein kinases are enzymatic components of the signal
transduction pathways which catalyze the transfer of
the terminal phosphate from ATP to the hydroxy group
of tyrosine, serine and/or threonine residues of
proteins. Thus, compounds which inhibit protein kinase
functions are valuable tools for assessing the
physiological consequences of protein kinase
activation. The overexpression or inappropriate
expression of normal or mutant protein kinases in
mammals has been a topic of extensive study and has
been demonstrated to play a significant role in the
development of many diseases, including diabetes,
angiogenesis, psoriasis, restenosis, ocular diseases,
schizophrenia, rheumatoid arthritis, atherosclerosis,
cardiovascular disease and cancer. The cardiotonic
benefits of kinase inhibition has also been studied.
In sum, inhibitors of protein kinases have particular
utility in the treatment of human and animal disease.
The Trk family receptor tyrosine kinases, TrkA, TrkB,
and TrkC, are the signaling receptors that mediate the
biological actions of the peptide hormones of the
neurotrophin family. This family of growth factors
includes nerve growth factor (NGF), brain-derived
neurotrophic factor (BDNF), and two neurotrophins
(NT), NT- 3, and NT-4. TrkB serves as a receptor for
both BDNF and NT-4. BDNF promotesthe proliferation,
differentiation and survival of normal neural
components such as retinal cells and glial cells. It
has recently been reported (see, Nature 2004 Aug 26;
430(7003):973-4; 1034-40) that TrkB activation is a
potent and specific suppressor of anchorage
independent cell death (anoikis). Anchorage
independent cell survival allows tumor cells to
migrate through the systemic circulation and grow at
distant organs. This metastatic process is often
responsible for the failure of cancer treatment and
the cause of mortality in cancer. Other studies (see,
Cancer Lett. 2003 Apr 10;193(l): 109-14) have also
suggested that BDNF agonism of TrkB is capable of
blocking cisplatin induced cell death. Taken together,
these results suggest that TrkB modulation is an
attractive target for treatment of benign and
malignant proliferative diseases, especially tumor
diseases. 



The fms-like tyrosine kinase 3 (FLT3) ligand (FLT3L)
is one of the cytokines that affects the development
of multiple hematopoietic lineages. These effects
occur through the binding of FLT3L to the FLT3
receptor, also referred to as fetal liver kinase-2
(flk-2) and STK-I, a receptor tyrosine kinase (RTK)
expressed on hematopoietic stem and progenitor cells.
The FLT3 gene encodes a membrane-bound RTK that plays
an important role in proliferation, differentiation
and apoptosis of cells during normal hematopoiesis.
The FLT3 gene is mainly expressed by early meyloid and
lymphoid progenitor cells. See McKenna, Hilary J. et
al. Mice lacking flt3 ligand have deficient
hematopoiesis affecting hematopoietic progenitor
cells, dendritic cells, and natural killer cells.
Blood. Jun 2000; 95: 3489-3497; Drexler, H. G. and H.
Quentmeier (2004). "FLT3: receptor and ligand." Growth
Factors 22(2): 71-3. The ligand for FLT3 is expressed
by the marrow stromal cells and other cells and
synergizes with other growth factors to stimulate
proliferation of stem cells, progenitor cells,
dendritic cells, and natural killer
cells.Hematopoietic disorders are pre-malignant
disorders of these systems and include, for instance,
the myeloproliferative disorders, such as
thrombocythemia, essential thrombocytosis (ET),
angiogenic myeloid metaplasia, myelofibrosis (MF),
myelofibrosis with myeloid metaplasia (MMM), chronic
idiopathic myelofibrosis (IMF), and polycythemia vera
(PV), the cytopenias, and pre-malignant
myelodysplastic syndromes. See Stirewalt, D. L. and J
. P. Radich (2003). "The role of FLT3 in
haematopoietic malignancies." Nat Rev Cancer 3(9):
650-65; Scheijen, B. and J. D. Griffin (2002).
"Tyrosine kinase oncogenes in normal hematopoiesis and
hematological disease." Oncogene 21(21): 3314-33.
Hematological malignancies are cancers of the body's
blood forming and immune systems, the bone marrow and
lymphatic tissues. Whereas in normal bone marrow, FLT3
expression is restricted to early progenitor cells, in
hematological malignancies, FLT3 is expressed at high
levels or FLT3 mutations cause an uncontrolled
induction of the FLT3 receptor and downstream
molecular pathway, possibly Ras activation.
Hematological malignancies include leukemias,
lymphomas (non-Hodgkin's lymphoma), Hodgkin's disease
(also called Hodgkin's lymphoma), and myeloma- for
instance, acute lymphocytic leukemia (ALL), acute
myeloid leukemia (AML), acute promyelocytic leukemia
(APL), chronic lymphocytic leukemia (CLL), chronic
myeloid leukemia (CML), chronic neutrophilic leukemia
(CNL), acute undifferentiated leukemia (AUL),
anaplastic large-cell lymphoma (ALCL), prolymphocytic
leukemia (PML), juvenile myelomonocyctic leukemia
(JMML), adult T-cell ALL, AML with trilineage
myelodysplasia (AML/TMDS), mixed lineage leukemia
(MLL), myelodysplastic syndromes (MDSs),
myeloproliferative disorders (MPD), multiple myeloma,
(MM) and myeloid sarcoma. See Kottaridis, P. D., R. E.
Gale, et al. (2003). "Flt3 mutations and leukaemia."
Br J Haematol 122(4): 523-38. Myeloid sarcoma is also
associated with FLT3 mutations. See Ansari-Lari, AIi
et al. FLT3 mutations in myeloid sarcoma. British
Journal of Haematology. 2004 Sep. 126(6):785-91.
Mutations of FLT3 have been detected in about 30% of
patients with acute myelogenous leukemia and a small
number of patients with acute lymphomatic leukemia or
myelodysplastic syndrome. Patients with FLT3 mutations
tend to have apoor prognosis, with decreased remission
times and disease free survival. There are two known
types of activating mutations of FLT3. One is a
duplication of 4-40 amino acids in the juxtamembrane
region (ITD mutation) of the receptor (25-30% of
patients) and the other is a point mutation in the
kinase domain (5-7% of patients). The mutations most
often involve small tandem duplications of amino acids
within the juxtamembrane domain of the receptor and
result in tyrosine kinase activity. Expression of a
mutant FLT3 receptor in murine marrow cells results in
a lethal myeloproliferative syndrome, and preliminary
studies (Blood. 2002; 100: 1532-42) suggest that
mutant FLT3 cooperates with other leukemia oncogenes
to confer a more aggressive phenotype. Taken together,
these results suggest that specific inhibitors of the
individual kinase FLT3, present an attractive target
for the treatment of hematopoietic disorders and
hematological malignancies. FLT3 kinase inhibitors
known in the art include AG1295 and AG1296;
Lestaurtinib (also known as CEP 701, formerly KT-5555,
Kyowa Hakko, licensed to Cephalon); CEP-5214 and
CEP-7055 (Cephalon); CHIR-258 (Chiron Corp.); EB-10
and IMCEBlO (ImClone Systems Inc.); GTP 14564 (Merk
Biosciences UK). Midostaurin (also known as PKC 412
Novartis AG); MLN 608 (Millennium USA); MLN-518
(formerly CT53518, COR Therapeutics Inc., licensed to
Millennium Pharmaceuticals Inc.); MLN-608 (Millennium
Pharmaceuticals Inc.); SU-1 1248 (Pfizer USA); SU-1
1657 (Pfizer USA); SU-5416 and SU 5614; THRX-165724
(Theravance Inc.); AMI-10706 (Theravance Inc.); VX-528
and VX-680 (Vertex 



Pharmaceuticals USA, licensed to Novartis
(Switzerland), Merck & Co USA); and XL 999 (Exelixis
USA). The following PCT International Applications and
US Patent Applications disclose additional kinase
modulators, including modulators of FLT3: WO
2002032861, WO 2002092599, WO 2003035009, WO
2003024931, WO 2003037347, WO 2003057690, WO
2003099771, WO 2004005281, WO 2004016597, WO
2004018419, WO 2004039782, WO 2004043389, WO
2004046120, WO 2004058749, WO 2004058749, WO
2003024969 and US Patent Application No.
20040049032.See also Levis, M., K. F. Tse, et al. 2001
"A FLT3 tyrosine kinase inhibitor is selectively
cytotoxic to acute myeloid leukemia blasts harboring
FLT3 internal tandem duplication mutations." Blood
98(3): 885-7; Tse KF, et al. Inhibition of
FLT3-mediated transformation by use of a tyrosine
kinase inhibitor. Leukemia. 2001 JuI; 15(7): 1001-10;
Smith, B. Douglas et al. Single-agent CEP-701, a novel
FLT3 inhibitor, shows biologic and clinical activity
in patients with relapsed or refractory acute myeloid
leukemia Blood, May 2004; 103: 3669 - 3676; Griswold,
Ian J. et al. Effects of MLN518, A Dual FLT3 and KIT
Inhibitor, on Normal and Malignant Hematopoiesis.
Blood, JuI 2004; [Epub ahead of print]; Yee, Kevin W.
H. et al. SU5416 and SU5614 inhibit kinase activity of
wild-type and mutant FLT3 receptor tyrosine kinase.
Blood, Sep 2002; 100: 2941 - 294; O'Farrell,
Anne-Marie et al. SUl 1248 is a novel FLT3 tyrosine
kinase inhibitor with potent activity in vitro and in
vivo. Blood, May 2003; 101: 3597 - 3605; Stone, R.M.
et al. PKC 412 FLT3 inhibitor therapy in AML: results
of a phase II trial. Ann Hematol. 2004; 83 Suppl
l:S89-90; and Murata, K. et al. Selective cytotoxic
mechanism of GTP-14564, a novel tyrosine kinase
inhibitor in leukemia cells expressing a
constitutively active Fms-like tyrosine kinase 3
(FLT3). J Biol Chem. 2003 Aug 29; 278(35):32892-8;
Levis, Mark et al. Novel FLT3 tyrosine kinase
inhibitors. Expert Opin. Investing. Drugs (2003)
12(12) 1951-1962; Levis, Mark et al. Small Molecule
FLT3 Tyrosine Kinase Inhibitors. Current
Pharmaceutical Design, 2004, 10, 1183-1 193. SUMMARY
OF THE INVENTION The present invention provides novel
aminopyrimidines (the compounds of Formula I) as
protein tyrosine kinase modulators, particularly
inhibitors of FLT3 and/or TrkB, and the use of such
compounds to reduce or inhibit kinase activity of FLT3
and/or TrkB in a cell or a subject, and the use of
such compounds for preventing or treating in a subject
a cell proliferative disorder and/or disorders related
to FLT3 and/or TrkB. Illustrative of the invention is
a pharmaceutical composition comprising a compound of
Formula I and a pharmaceutically acceptable carrier.
Another illustration of thepresent invention is a
pharmaceutical composition prepared by mixing any of
the compounds of Formula I and a pharmaceutically
acceptable carrier. Other features and advantages of
the invention will be apparent from the following
detailed description of the invention and from the
claims. DETAILED DESCRIPTION OF THE INVENTION
DEFINITIONS As used herein, the following terms are
intended to have the following meanings (additional
definitions are provided where needed throughout the
Specification): The term "alkenyl," whether used alone
or as part of a substituent group, for example,
"C1-4alkenyl(aryl)," refers to a partially unsaturated
branched or straight chain monovalent hydrocarbon
radical having at least one carbon- carbon double
bond, whereby the double bond is derived by the
removal of one hydrogen atom from each of two adjacent
carbon atoms of a parent alkyl molecule and the
radical is derived by the removal of one hydrogen atom
from a single carbon atom. Atoms may be oriented about
the double bond in either the cis (Z) or trans (E)
conformation. Typical alkenyl radicals include, but
are not limited to, ethenyl, propenyl, allyl (2-
propenyl), butenyl and the like. Examples include
C2-salkenyl or C2-4alkenyl groups. The term "C . "
(where a and b are integers referring to a designated
number of carbon atoms) refers to an alkyl, alkenyl,
alkynyl, alkoxy or cycloalkyl radical or to the alkyl
portion of a radical in which alkyl appears as the
prefix root containing from a to b carbon atoms
inclusive. For example, C1-4 denotes a radical
containing 1, 2, 3 or 4 carbon atoms. The term
"alkyl," whether used alone or as part of a
substituent group, refers to a saturated branched or
straight chain monovalent hydrocarbon radical, wherein
the radical is derived by the removal of one hydrogen
atom from a single carbon atom.Unless specifically
indicated (e.g. by the use of a limiting term such as
"terminal carbon atom"), substituent variables may be
placed on any carbon chain atom. Typical alkyl
radicals include, but are not limited to, methyl,
ethyl, propyl, isopropyl and the like. Examples
include Ci-salkyl, C1-6alkyl and C1-4alkyl groups. The
term "alkylamino" refers to a radical formed by the
removal of one hydrogen atom from the nitrogen of an
alkylamine, such as butylamine, and the term
"dialkylamino" refers to a radical formed by the
removal of one hydrogen atom from the nitrogen of a
secondary amine, such as dibutylamine. In both cases
it is expected 



that the point of attachment to the rest of the
molecule is the nitrogen atom. The term "alkynyl,"
whether used alone or as part of a substituent group,
refers to a partially unsaturated branched or straight
chain monovalent hydrocarbon radical having at least
one carbon- carbon triple bond, whereby the triple
bond is derived by the removal of two hydrogen atoms
from each of two adjacent carbon atoms'of a parent
alkyl molecule and the radical is derived by the
removal of one hydrogen atom from a single carbon
atom. Typical alkynyl radicals include ethynyl,
propynyl, butynyl and the like. Examples include
C2-8alkynyl or C2-4alkynyl groups. The term "alkoxy"
refers to a saturated or partially unsaturated
branched or straight chain monovalent hydrocarbon
alcohol radical derived by the removal of the hydrogen
atom from the hydroxide oxygen substituent on a parent
alkane, alkene or alkyne. Where specific levels of
saturation are intended, the nomenclature "alkoxy",
"alkenyloxy" and "alkynyloxy" are used consistent with
the definitions of alkyl, alkenyl and alkynyl.
Examples include C1-8alkoxy or C1-4alkoxy groups. The
term "alkoxyether" refers to a saturated branched or
straight chain monovalent hydrocarbon alcohol radical
derived by the removal of the hydrogen atom from the
hydroxide oxygen substituent on a hydroxyether.
Examples include l-hydroxyl-2- methoxy-ethane and
l-(2-hydroxyl-ethoxy)-2-methoxy-ethane groups.The term
"aralkyl" refers to a C1-6 alkyl group containing an
aryl substituent. Examples include benzyl, phenylethyl
or 2-naphthylmethyl. It is intended that the point of
attachment to the rest of the molecule be the alkyl
group. The term "aromatic" refers to a cyclic
hydrocarbon ring system having an unsaturated,
conjugated p electron system. The term "aryl" refers
to an aromatic cyclic hydrocarbon ring radical derived
by the removal of one hydrogen atom from a single
carbon atom of the ring system. Typical aryl radicals
include phenyl, naphthalenyl, fluorenyl, indenyl,
azulenyl, anthracenyl and the like. The term
"arylamino" refers to an amino group, such as ammonia,
substituted with an aryl group, such as phenyl. It is
expected that the point of attachment to the rest of
the molecule is through the nitrogen atom. The term
"benzo-fused cycloalkyl" refers to a bicyclic fused
ring system radical wherein one of the rings is phenyl
and the other is a cycloalkyl or cycloalkenyl ring.
Typical benzo-fused cycloalkyl radicals include
indanyl, 1,2,3,4-tetrahydronaphthalenyl,
6,7,8,9,-tetrahydro-JH-benzocycloheptenyl,
5,6,7,8,9,10-hexahydrobenzocyclooctenyl and the like.
A benzo-fused cycloalkyl ring system is a subset of
the aryl group. The term "benzo-fused heteroaryl"
refers to a bicyclic fused ring system radical wherein
one of the rings is phenyl and the other is a
heteroaryl ring. Typical benzofused heteroaryl
radicals include indolyl, indolinyl, isoindolyl,
benzo[]furyl, benzo[]thienyl, indazolyl,
benzthiazolyl, quinolinyl, isoquinolinyl, cinnolinyl,
phthalazinyl, quinazolinyl, and the like. A
benzo-fused heteroaryl ring is a subset of the
heteroaryl group. The term "benzo-fused heterocyclyl"
refers to a bicyclic fused ring system radical wherein
one of the rings is phenyl and the other is a
heterocyclyl ring. Typical benzofused heterocyclyl
radicals include 1,3-benzodioxolyl (also known as
1,3-methylenedioxyphenyl),
2,3-dihydro-l,4-benzodioxinyl (also known as 1,4-
eihylenedioxyphenyl), benzo-dihydro-furyl,
benzo-tetrahydro-pyranyl, benzodihydro- thienyl and
the like. The term "carboxyalkyl" refers to an
alkylated carboxy group such as tertbutoxycarbonyl, in
which the point of attachment to the rest of the
molecule is the carbonyl group. The term "cyclic
heterodionyl" refers to a heterocyclic compound
bearing two carbonyl substituents. Examples include
thiazolidinyl diones, oxazolidinyl diones and
pyrrolidinyl diones. The term "cycloalkenyl" refers to
a partially unsaturated cycloalkyl radical derived by
the removal of one hydrogen atom from a hydrocarbon
ring system that contains at least one carbon-carbon
double bond. Examples include cyclohexenyl,
cyclopentenyl and 1,2,5,6-cyclooctadienyl. The term
"cycloalkyl" refers to a saturated or partially
unsaturated monocyclic or bicyclic hydrocarbon ring
radical derived by the removal of one hydrogen atom
from a single ring carbon atom. Typical cycloalkyl
radicals include cyclopropyl, cyclobutyl, cyclopentyl,
cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl
and cyclooctyl. Additional examples include
C3-8cycloalkyl, Cs-scycloalkyl, C3-12cycloalkyl,
C3-2ocycloalkyl, decahydronaphthalenyl, and
2,3,4,5,6,7-hexahydrolH- indenyl. The term "fused ring
system" refers to a bicyclic molecule in which two
adjacent atoms are present in each of the two cyclic
moieties. Heteroatoms may optionally be present.
Examples include benzothiazole, 1,3-benzodioxole and 



decahydronaphthalene. The term "hetero" used as a
prefix for a ring system refers to the replacement of
at least one ring carbon atom with one or more atoms
independently selected from N, S, O or P. Examples
include rings wherein 1, 2, 3 or 4 ring members are a
nitrogenatom; or, 0, 1, 2 or 3 ring members are
nitrogen atoms and 1 member is an oxygen or sulfur
atom. The term "heteroaralkyl" refers to a C1-6 alkyl
group containing a heteroaryl substituent. Examples
include furylmethyl and pyridylpropyl. It is intended
that the point of attachment to the rest of the
molecule be the alkyl group. The term "heteroaryl"
refers to a radical derived by the removal of one
hydrogen atom from a ring carbon atom of a
heteroaroniatic ring system. Typical heteroaryl
radicals include furyl, thienyl, pyrrolyl, oxazolyl,
thiazolyl, imidazolyl, pyrazolyl, isoxazolyl,
isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl,
pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl,
indolizinyl, indolyl, isoindolyl, benzo[]furyl,
benzo[Z?]thienyl, indazolyl, benzimidazolyl,
benzthiazolyl, purinyl, 4H-quinolizinyl, quinolinyl,
isoquinolinyl, cinnolinyl, phthalzinyl, quinazolinyl,
quinoxalinyl, 1,8- naphthyridinyl, pteridinyl and the
like. The term "heteroaryl-fused cycloalkyl" refers to
a bicyclic fused ring system radical wherein one of
the rings is cycloalkyl and the other is heteroaryl.
Typical heteroarylfused cycloalkyl radicals include
5,6,7,8-tetrahydro-4H-cyclohepta(Z?)thienyl, 5,6,7-
trihydro-4H-cyclohexa(Z?)thienyl,
5,6-dihydro-4H-cyclopenta( )thienyl and the like. The
term "heterocyclyl" refers to a saturated or partially
unsaturated monocyclic ring radical derived by the
removal of one hydrogen atom from a single carbon or
nitrogen ring atom. Typical heterocyclyl radicals
include 2H-pyrrolyl, 2-pyrrolinyl, 3- pyrrolinyl,
pyrrolidinyl, 1,3-dioxolanyl, 2-imidazolinyl (also
referred to as 4,5- dihydro-l H-imidazolyl),
imidazolidinyl, 2-pyrazolinyl, pyrazolidinyl,
tetrazolyl, piperidinyl, 1,4-dioxanyl, morpholinyl,
1,4-dithianyl, thiomorpholinyl, piperazinyl, azepanyl,
hexahydro-l,4-diazepinyl and the like. The term
"squaryl" refers to a cyclobutenyl 1,2 dione radical.
The term "substituted," refers to a core molecule on
which one or more hydrogen atoms have been replaced
with one or more functional radical moieties.
Substitutionis not limited to a core molecule, but may
also occur on a substituent radical, whereby the
substituent radical becomes a linking group. The term
"independently selected" refers to one or more
substituents selected from a group of substituents,
wherein the substituents may be the same or different.
The substituent nomenclature used in the disclosure of
the present invention was derived by first indicating
the atom having the point of attachment, followed by
the linking group atoms toward the terminal chain atom
from left to right, substantially as in:
(C1-6)alkylC(O)NH(C1-6)alkyl(Ph) or by first
indicating the terminal chain atom, followed by the
linking group atoms toward the atom having the point
of attachment, substantially as in:
Ph(C1-6)alkylamido(C1-6)alkyl either of which refers
to a radical of the formula: Lines drawn into ring
systems from substituents indicate that the bond may
be attached to any of the suitable ring atoms. When
any variable (e.g. R4) occurs more than one time in
any embodiment of Formula I, each definition is
intended to be independent. The terms "comprising",
"including ", and "containing" are used herein in
their open, non-limited sense. NOMENCLATUREExcept
where indicated, compound names were derived using
nomenclature rules well known to those skilled in the
art, by either standard IUPAC nomenclature references,
such as Nomenclature of Organic Chemistry, Sections A,
B, C, D, E, F and H, (Pergamon Press, Oxford, 1979,
Copyright 1979 IUPAC) and A Guide to IUPAC
Nomenclature of Organic Compounds (Recommendations
1993), (Blackwell Scientific Publications, 1993,
Copyright 1993 IUPAC); or commercially available
software packages such as Autonom (brand of
nomenclature software provided in the ChemDraw
Ultra(r) office suite marketed by CambridgeSoft.com);
and ACD/Index Name(tm) (brand of commercial
nomenclature software marketed by Advanced Chemistry
Development, Inc., Toronto, Ontario). ABBREVIATIONS As
used herein, the following abbreviations are intended
to have the following meanings (additional
abbreviations are provided where needed throughout the
Specification): Boc tert-butoxycarbonyl DCM
dichloromethane DMF dimethylformamide DMSO
dimethylsulfoxide 



DIEA diisopropylethylamine EDTA
ethylenediaminetetraaceticacid EDC
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride EtOAc ethyl acetate HOBT
1-hydroxybenzotriazole hydrate HBTU 0-benzotriazol-
1-yl-N,N,N' ,N' -tetramethyluronium
hexafluorophosphate z-PrOH isopropyl alcohol LC/MS
(ESI) Liquid chromatography/mass spectrum
(electrospray ionization) MeOH Methyl alcohol NMM
-methylmorpholine NMR nuclear magnetic resonance PS
polystyrene RT room temperature NaHMDS sodium
hexamethyldisilazane TEA triethylamine TFA
trifluoroacetic acid THF tetrahydrofuranTLC thin layer
chromatography FORMULA I The present invention
comprises compounds of Formula I: FormulaI and
N-oxides, pharmaceutically acceptable salts, and
stereochemical isomers thereof, wherein: q is 0, 1 or
2; p is 0 or 1; Q is NH, N(alkyl), O, or a direct
bond; X is N, or C-CN, or CH provided that Rbb is not
heteroaryl or halogen; Z is NH, N(alkyl), or CH2; B is
selected from: cycloalkyl (wherein said cycloalkyl is
preferably cyclopentanyl, cyclohexanyl, cyclopentenyl
or cyclohexenyl), a nine to ten membered benzo-fused
heteroaryl (wherein said nine to ten membered
benzo-fused heteroaryl is preferably benzothiazolyl,
benzooxazolyl, benzoimidazolyl, benzofuranyl, indolyl,
quinolinyl, isoquinolinyl, or benzo[b]thiophenyl), or
a nine to ten membered benzo-fused heterocyclyl
(wherein said nine to ten membered benzo-fused
heterocyclyl is preferably 2,3-dihydro-benzothiazolyl,
2,3-dihydro-benzooxazolyl,
2,3-dihydro-benzoimidazolyl,
1,2,3,4-tetrahydro-quinolinyl,
1,2,3,4-tetrahydro-isoquinolinyl, isochromanyl,
2,3-dihydro-indolyl, 2,3-dihydro-benzofuranyl or
2,3-dihydro-benzo[b]thiophenyl, and most preferably
2,3-dihydro-indolyl, 2,3-dihydro-benzofuranyl or
2,3-dihydro-benzo[b]thiophenyl), or, if R is present,
phenyl or heteroaryl, provided that B is not
thiadiazinyl, (whereinsaid heteroaryl is preferably
pyrrolyl, furanyl, thiophenyl, imidazolyl, thiazolyl,
oxazolyl, pyranyl, thiopyranyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridinyl-N-oxide, or
pyrrolyl-N-oxide, and most preferably pyrrolyl,
furanyl, thiophenyl, imidazolyl, thiazolyl, oxazolyl,
pyridinyl, pyrimidinyl, or pyrazinyl); Ri and R2 are
independently selected from the following: (a-1),
(a-2), (a-3), (a-4), or (a-5) . wherein n is 1, 2, 3
or 4; Y is a direct bond, O, S, NH, or N(alkyl); Ra is
alkoxy, phenoxy, heteroaryl optionally substituted
with R5 (wherein said heteroaryl is preferably
pyrrolyl, furanyl, thiophenyl, imidazolyl, thiazolyl,
oxazolyl, pyranyl, thiopyranyl, pyridinyl,
pyrimidinyl, triazolyl, pyrazinyl, pyridinyl-N-oxide,
or pyrrolyl-N-oxide, and most preferably pyrrolyl,
furanyl, thiophenyl, imidazolyl, thiazolyl, oxazolyl,
pyridinyl, pyrimidinyl, triazolyl, or pyrazinyl),
hydroxyl, alkylamino, dialkylamino, oxazolidinonyl
optionally substituted with R , pyrrolidinonyl
optionally substituted with R5, piperidinonyl
optionally substituted with R , cyclic heterodionyl
optionally substituted with R , heterocyclyl
optionally substituted with R (wherein said
heterocyclyl is preferably pyrrolidinyl,
tetrahydrofuranyl, tetrahydrothiophenyl,
imidazolidinyl, thiazolidinyl, oxazolidinyl,
tetrahydropyranyl, tetrahydrothiopyranyl, piperidinyl,
thiomorpholinyl, thiomorpholinyl 1,1-dioxide,
morpholinyl, or piperazinyl), squaryl, -COORy, -CONR
Rx, -N(Rw)C0N(R y)(Rx), -N(Ry)CON(Rw)(Rx),
-N(RW)C(O)ORX, -N(Rw)CORy, -SRy, -SORy, -SO2Ry,
-NRwSO2Ry, -NRwSO2Rx, -SO3Ry, -OSO2NRwRx, or
-SO2NRWRX; Rbb is hydrogen, halogen, alkoxy, phenyl,
heteroaryl (wherein said heteroaryl is preferably
pyrrolyl, furanyl, thiophenyl, imidazolyl, thiazolyl,
oxazolyl, 



pyranyl, thiopyranyl, pyridinyl, pyrimidinyl,
triazolyl, pyrazinyl, pyridinyl-N-oxide, or
pyrrolyl-N-oxide, and most preferably pyrrolyl,
furanyl, thiophenyl, imidazolyl, thiazolyl, oxazolyl,
pyridinyl, pyrimidinyl, triazolyl, or pyrazinyl), or
heterocyclyl (wherein said heterocyclyl is preferably
pyrrolidinyl, tetrahydrofuranyl, tetrahydrothiophenyl,
imidazolidinyl,thiazolidinyl, oxazolidinyl,
tetrahydropyranyl, tetrahydrothiopyranyl, piperidinyl,
thiomorpholinyl, thiomorpholinyl 1,1-dioxide,
morpholinyl, or piperazinyl); R5 is one, two, or three
substituents independently selected from: halogen,
cyano, trifluoromethyl, amino, hydroxyl, alkoxy,
-C(O)alkyl, -S0 2alkyl, -C(O)N(alkyl) 2, alkyl, -C(
1-4)alkyl-OH, or alkylamino; Rw and Rx are
independently selected from: hydrogen, alkyl, alkenyl,
aralkyl (wherein the aryl portion of said aralkyl is
preferrably phenyl), or heteroaralkyl (wherein the
heteroaryl portion of said heteroaralkyl is preferably
pyrrolyl, furanyl, thiophenyl, imidazolyl, thiazolyl,
oxazolyl, pyranyl, thiopyranyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridinyl-N-oxide, or
pyrrolyl-N-oxide, and most preferably pyrrolyl,
furanyl, thiophenyl, imidazolyl, thiazolyl, oxazolyl,
pyridinyl, pyrimidinyl, or pyrazinyl), or Rw and Rx
may optionally be taken together to form a 5 to 7
membered ring, optionally containing a heteromoiety
selected from O, ISfH, N(alkyl), SO, SO2, or S,
preferably selected from the group consisting of: Ry
is selected from: hydrogen, alkyl, alkenyl, cycloalkyl
(wherein said cycloalkyl is preferably cyclopentanyl
or cyclohexanyl), phenyl, aralkyl (wherein the aryl
portion of said aralkyl is preferably phenyl),
heteroaralkyl (wherein the heteroaryl portion of said
heteroaralkyl is preferably pyrrolyl, furanyl,
thiophenyl, imidazolyl, thiazolyl, oxazolyl, pyranyl,
thiopyranyl, pyridinyl, pyrimidinyl, pyrazinyl,
pyridinyl-N-oxide, or pyrrolyl-N-oxide, and most
preferably pyrrolyl, furanyl, thiophenyl, imidazolyl,
thiazolyl, oxazolyl, pyridinyl, pyrimidinyl, or
pyrazinyl), or heteroaryl (wherein said heteroaryl is
preferably pyrrolyl, furanyl, thiophenyl, imidazolyl,
thiazolyl, oxazolyl, pyranyl, thiopyranyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridinyl-N-oxide,
orpyrrolyl-N-oxide, and most preferably pyrrolyl,
furanyl, thiophenyl, imidazolyl, thiazolyl, oxazolyl,
pyridinyl, pyrimidinyl, or pyrazinyl); and R3 is one
or more substituents, optionally present, and
independently selected from: alkyl, alkoxy, halogen,
nitro, cycloalkyl optionally substituted with R4
(wherein said cycloalkyl is preferably cyclopentanyl
or cyclohexanyl), heteroaryl optionally substituted
with R4 (wherein said heteroaryl is preferably
pyrrolyl, furanyl, thiophenyl, imidazolyl, thiazolyl,
oxazolyl, pyranyl, thiopyranyl, pyridinyl,
pyrimidinyl, triazolyl, pyrazinyl, pyridinyl-N-oxide,
or pyrrolyl-N-oxide, and most preferably pyrrolyl,
furanyl, thiophenyl, imidazolyl, thiazolyl, oxazolyl,
pyridinyl, pyrimidinyl, triazolyl, or pyrazinyl),
alkylamino, heterocyclyl optionally substituted with
R4 (wherein said heterocyclyl is preferably azepenyl,
pyrrolidinyl, tetrahydrofuranyl, tetrahydrothiophenyl,
imidazolidinyl, thiazolidinyl, oxazolidinyl,
tetrahydropyranyl, tetrahydrothiopyranyl, piperidinyl,
thiomorpholinyl, morpholinyl, or piperazinyl
tetrahydropyridinyl. tetrahydropyrazinyl,
dihydrofuranyl, dihydrooxazinyl, dihydropyrrolyl, or
dihydroimidazolyl), alkoxyether, -O(cycloalkyl),
pyrrolidinonyl optionally substituted with R4, phenoxy
optionally substituted with R4, -CN, -OCHF2, -OCF3,
-CF3, halogenated alkyl, heteroaryloxy optionally
substituted with R4, dialkylamino, -NHSO2alkyl, or -Sq
2alkyl; wherein R4 is independently selected from
halogen, cyano, trifluoromethyl, amino, hydroxyl,
alkoxy, -C(O)alkyl, -CO2alkyl, -SO2alkyl,
-C(O)N(alkyl)2, alkyl, or alkylamino. As used
hereafter, the term "compounds of Formula I" is meant
to include also the Noxides, pharmaceutically
acceptable salts, and stereochemical isomers thereof.
EMBODIMENTS OF FORMULA I In an embodiment of the
present invention: N-oxides are optionally present on
one or more of: N-I or N-3 (when X is N) (see Figure 1
below for ring numbers). Figure 1Figure 1 illustrates
ring atoms numbered 1 through 8, as used in the
present specification. Preferred embodiments of the
invention are compounds of Formula I wherein one or
more of the following limitations are present: q is 0,
1 or 2; p is 0 or 1; Q is NH, N(alkyl), O, or a direct
bond; X is N, or C-CN, or CH provided that Rbb is not
heteroaryl or halogen; Z is NH, N(alkyl), or CH2; B is
selected from: a nine to ten membered benzo-fused
heteroaryl, or, if R3 is present, phenyl or
heteroaryl, provided that B is not thiadiazinyl; Ri
and R2 are independently selected from the following: 



(a-1), (a-2), (a-3), (a-4), or (a-5) . wherein n is 1,
2, 3 or 4; Y is a direct bond, O, S, NH, or N(alkyl);
R is alkoxy, phenoxy, heteroaryl optionally
substituted with R5, hydroxyl, alkylamino,
dialkylamino, oxazolidinonyl optionally substituted
with R5, pyrrolidinonyl optionally substituted with R
, piperidinonyl optionally substituted with R5, cyclic
heterodionyl optionally substituted with R5,
heterocyclyl optionally substituted with R5, squaryl,
-COORy, -CONRWRX, -N(Rw)CON(Ry)(Rx),
-N(Ry)CON(Rw)(Rx), -N(Rw)C(0)0R x, -N(Rw)CORy,-SRy,
-SORy, -SO2Ry, -NRwSO2Ry, -NRWSO2RX, -SO3Ry,
-OSO2NRWRX, or -SO2NRWRX; Rbb is hydrogen, halogen,
alkoxy, phenyl, heteroaryl, or heterocyclyl; R5 is
one, two, or three substituents independently selected
from: halogen, cyano, trifluoromethyl, amino,
hydroxyl, alkoxy, -C(O)alkyl, -S0 2alkyl,
-C(O)N(alkyl) 2, alkyl, -C(1-4)alkyl-OH, or
alkylamino; Rw and Rx are independently selected from:
hydrogen, alkyl, alkenyl, aralkyl, or heteroaralkyl,
or Rw and Rx may optionally be taken together to form
a 5 to 7 membered ring, optionally containing a
heteromoiety selected from O, NH, N(alkyl), SO, SO2,
or S; Ry is selected from: hydrogen, alkyl, alkenyl,
cycloalkyl, phenyl, aralkyl, heteroaralkyl, or
heteroaryl; and R3 is one or more substituents
independently selected from: alkyl, alkoxy, halogen,
nitro, cycloalkyl optionally substituted with R4,
heteroaryl optionally substituted with R4, alkylamino,
heterocyclyl optionally substituted with R4,
alkoxyether, -O(cycloalkyl), pyrrolidinonyl optionally
substituted with R4, phenoxy optionally substituted
with R4, -CN, -OCHF2, -OCF3, -CF3, halogenated alkyl,
heteroaryloxy optionally substituted with R4,
dialkylamino, -NHSO2alkyl, or -SO2alkyl; wherein R4 is
independently selected from: halogen, cyano,
trifluoromethyl, amino, hydroxyl, alkoxy, -C(O)alkyl,
-C0 2alkyl, -S0 2alkyl, -C(O)N(alkyl)2, alkyl, or
alkylamino. Other preferred embodiments of the
invention are compounds of Formula I wherein one or
more of the following limitations are present: q is O,
1 or 2; p is Oor 1; Q is NH, N(alkyl), O, or a direct
bond; X is N, or C-CN, or CH provided that Rbb is not
heteroaryl or halogen; Z is NH, N(alkyl), or CH2; B is
selected from: phenyl or heteroaryl, provided that B
is not thiadiazinyl; Ri and R2 are independently
selected from the following:(a-1), (a-2), (a-3),
(a-4), or (a-5) . wherein n is 1, 2, 3 or 4; Y is a
direct bond, O, S, NH, or N(alkyl); Ra is alkoxy,
phenoxy, heteroaryl optionally substituted with R ,
hydroxyl, alkylamino, dialkylamino, oxazolidinonyl
optionally substituted with R5, pyrrolidinonyl
optionally substituted with R , piperidinonyl
optionally substituted with R5, cyclic heterodionyl
optionally substituted with R5, heterocyclyl
optionally substituted with R , squaryl, -COORy,
-CONRWRX, -N(Rw)CON(R )(Rx), -N(Ry)C0N(R w)(Rx),
-N(RW)C(O)OR X, -N(Rw)C0R y, -SRy, -SORy, -SO2Ry,
-NRwSO2Ry, -NRwSO2Rx, -SO3Ry, -OSO2NRWRX, or
-SO2NRwRx; Rbb is hydrogen, halogen, alkoxy, phenyl,
heteroaryl, or heterocyclyl; Rs is one, two, or three
substituents independently selected from halogen,
cyano, trifluoromethyl, amino, hydroxyl, alkoxy,
-C(O)alkyl, -S0 2alkyl, -C(O)N(alkyl) 2, alkyl,
-C(1-4)alkyl-OH, or alkylamino; Rw and Rx are
independently selected from: hydrogen, alkyl, alkenyl,
aralkyl, or heteroaralkyl, or Rw and Rx may optionally
be taken together to form a 5 to 7 membered ring,
optionally containing a heteromoiety selected from O,
NH, N(alkyl), SO, SO2, or S; Ry is selected from:
hydrogen, alkyl, alkenyl, cycloalkyl, phenyl, aralkyl,
heteroaralkyl, or heteroaryl; and R3 is one or more
substituents independently selected from: alkyl,
alkoxy, halogen, cycloalkyl optionally substituted
with R4, heteroaryl optionally substituted with R4,
alkylamino, heterocyclyl optionally substituted with
R4, alkoxyether, -O(cycloalkyl), phenoxy optionally
substituted with R4, or dialkylamino; wherein R4 is
independently selected from: halogen, cyano,
trifluoromethyl, amino, hydroxyl, alkoxy, -C(O)alkyl,
-C0 2alkyl, -SO2alkyl, -C(O)N(alkyl) 2, alkyl, or
alkylamino. Still other preferred embodiments of the
invention are compounds of Formula I wherein one or
more of the following limitations are present: q is 0,
1 or 2;p is 0 or 1; 



Q is NH, N(alkyl), O, or a direct bond; X is N, or
C-CN, or CH provided that Rbb is not heteroaryl or
halogen; Z is NH, N(alkyl), or CH2; B is selected
from: phenyl or heteroaryl, provided that B is not
thiadiazinyl; Ri and R are independently selected from
the following: (a-1), (a-2), (a-3), (a-4), or (a-5) .
wherein n is 1, 2, 3 or 4; Y is a direct bond, O, NH,
or N(alkyl); Ra is alkoxy, heteroaryl optionally
substituted with R5, hydroxyl, alkylamino,
dialkylamino, oxazolidinonyl optionally substituted
with R , pyrrolidinonyl optionally substituted with
R5, piperidinonyl optionally substituted with R5,
heterocyclyl optionally substituted with R5, -CONRWRX,
-N(Ry)C0N(R w)(Rx), -N(Rw)CORy, -SRy, -SORy, -SO2Ry,
or -NRwSO2Ry; Rbb is hydrogen, halogen or alkoxy; Rs
is one, two, or three substituents independently
selected from: halogen, cyano, trifluoromethyl, amino,
hydroxyl, alkoxy, -C(O)alkyl, -S0 2alkyl,
-C(O)N(alkyl)2, alkyl, -C(1-4)alkyl-OH, or alkylamino;
Rw and Rx are independently selected from: hydrogen,
alkyl, alkenyl, aralkyl, or heteroaralkyl, or Rw and
Rx may optionally be taken together to form a 5 to 7
membered ring, optionally containing a heteromoiety
selected from O, NH, N(alkyl), SO, SO2, or S; Ry is
selected from: hydrogen, alkyl, alkenyl, cycloalkyl,
phenyl, aralkyl, heteroaralkyl, or heteroaryl; and R3
is one or more substituents independently selected
from: alkyl, alkoxy, halogen, cycloalkyl optionally
substituted with R4, heteroaryl optionally substituted
with R4, alkylamino, heterocyclyl optionally
substituted with R4, alkoxyether, -O(cycloalkyl),
phenoxy optionally substituted with R4, or
dialkylamino; wherein R4 is independently selected
from: halogen, cyano, trifluoromethyl, amino,
hydroxyl, alkoxy, -C(O)alkyl, -CO2alkyl, -S0 2alkyl,
-C(O)N(alkyl) 2, alkyl, or alkylamino.Particularly
preferred embodiments of the invention are compounds
of Formula I wherein one or more of the following
limitations are present: q is 0, 1 or 2; p is 0 or 1;
Q is NH, N(alkyl), O, or a direct bond; Z is NH or
CH2; B is selected from: phenyl or heteroaryl,
provided that B is not thiadiazinyl; X is N, or C-CN,
or CH provided that Rbb is not heteroaryl or halogen;
Ri and R2 are independently selected from the
following: (a-1), (a-4), or (a-5) ; wherein n is 1, 2,
or 3; Y is O; Ra is alkoxy, hydroxyl, heteroaryl
optionally substituted with R5, alkylamino,
dialkylamino, pyrrolidinonyl optionally substituted
with R5, heterocyclyl optionally substituted with R5,
-CONRWRX, -N(Ry)CON(Rw)(Rx), -SO2Ry, or -NRwSO2Ry; Rbb
is hydrogen, halogen, or alkoxy; Rs is one substituent
independently selected from: -C(O)alkyl, -SO2alkyl,
-C(O)N(alkyl)2, alkyl, or -C(1-4)alkyl-OH; Rw and Rx
are independently selected from: hydrogen, alkyl,
alkenyl, aralkyl, or heteroaralkyl, or Rw and Rx may
optionally be taken together to form a 5 to 7 membered
ring, optionally containing a heteromoiety selected
from O, NH, N(alkyl), SO, SO2, or S; Ry is selected
from: hydrogen, alkyl, alkenyl, cycloalkyl, phenyl,
aralkyl, heteroaralkyl, or heteroaryl; and R3 is one
substituent selected from: alkyl, alkoxy, cycloalkyl,
heterocyclyl, -O(cycloalkyl), phenoxy, or
dialkylamino. Most particularly preferred embodiments
of the invention are compounds of Formula I wherein
one or more of the following limitations are present:q
is 1 or 2; p is 0 or 1; Q is NH, O, or a direct bond;
X is N; Z is NH; B is selected from: phenyl and
pyridinyl; Ri and R2 are independently selected from
the following: (a-1), or (a-5) . wherein n is 1, 2, or
3; Y is O; 



Ra is alkoxy, hydroxyl, alkylamino, dialkylamino,
pyrrolidinonyl optionally substituted with R5,
heterocyclyl optionally substituted with R5, or
-NRwSO2Ry; Rbb is hydrogen or alkoxy; R5 is one
substituent independently selected from: -C(O)alkyl,
-SO alkyl, -C(O)N(alkyl) 2, alkyl, or -C(1-4)alkyl-OH;
Rw and Rx are independently selected from: hydrogen,
alkyl, alkenyl, aralkyl, or heteroaralkyl, or Rw and
Rx may optionally be taken together to form a 5 to 7
membered ring, optionally containing a heteromoiety
selected from O, NH, N(alkyl), SO, SO2, or S; Ry is
selected from: hydrogen, alkyl, alkenyl, cycloalkyl,
phenyl, aralkyl, heteroaralkyl, or heteroaryl; and R3
is one substituent selected from: alkyl, alkoxy,
heterocyclyl, -O(cycloalkyl), or dialkylamino.
Preferred embodiments of the invention also include
compounds of Formula I wherein one or more of the
following limitations are present: q is 0, 1 or 2; p
is 0 or 1;Q is NH, N(alkyl), O, or a direct bond; X is
N, or C-CN, or CH provided that Rbb is not heteroaryl
or halogen; Z is NH, N(alkyl), or CH2; B is selected
from: a nine to ten membered benzo-fused heteroaryl,
or, if R3 is present, phenyl or heteroaryl, provided
that B is not thiadiazinyl; one of Ri and R2 is H, and
the other is independently selected from the
following: (a-1), (a-2), (a-3), or (a-4) wherein n is
1, 2, 3 or 4; Y is a direct bond, O, S, NH, or
N(alkyl); Ra is alkoxy, phenoxy, heteroaryl optionally
substituted with R5, hydroxyl, alkylamino,
dialkylamino, oxazolidinonyl optionally substituted
with R5, pyrrolidinonyl optionally substituted with
R5, piperidinonyl optionally substituted with R ,
cyclic heterodionyl optionally substituted with R ,
heterocyclyl optionally substituted with R5, squaryl,
-COORy, -CONRWRX, -N(Rw)CON(Ry)(Rx), -N(Ry)C0N(R
w)(Rx), -N(RW)C(O)ORX, -N(Rw)CORy, -SRy, -SORy,
-SO2Ry, -NRwSO2Ry, -NRWSO2RX, -SO3Ry, -OSO2NRWRX, or
-SO2NRwRx; Rs is one, two, or three substituents
independently selected from: halogen, cyano,
trifluoromethyl, amino, hydroxyl, alkoxy, -C(O)alkyl,
-SO2alkyl, -C(O)N(alkyl) 2, alkyl, -C(1-4)alkyl-OH, or
alkylamino; Rw and Rx are independently selected from:
hydrogen, alkyl, alkenyl, aralkyl, or heteroaralkyl,
or Rw and Rx may optionally be taken together to form
a 5 to 7 membered ring, optionally containing a
heteromoiety selected from O, NH, N(alkyl), SO, SO2,
or S; Ry is selected from: hydrogen, alkyl, alkenyl,
cycloalkyl, phenyl, aralkyl, heteroaralkyl, or
heteroaryl; and R3 is one or more substituents
independently selected from: alkyl, alkoxy, halogen,
nitro, cycloalkyl optionally substituted with R4,
heteroaryl optionally substituted with R4, alkylamino,
heterocyclyl optionally substituted with R4,
alkoxyether, -O(cycloalkyl), pyrrolidinonyl optionally
substituted with R4, phenoxy optionallysubstituted
with R4, -CN, -OCHF2, -OCF3, -CF3, halogenated alkyl,
heteroaryloxy optionally substituted with R4,
dialkylamino, -NHSO2alkyl, or -SO2alkyl; wherein R4 is
independently selected from: halogen, cyano,
trifluoromethyl, amino, hydroxyl, alkoxy, -C(O)alkyl,
-CO2alkyl, -S0 2alkyl, -C(O)N(alkyl) 2, alkyl, or
alkylamino. Other preferred embodiments of the
invention also include compounds of Formula I wherein
one or more of the following limitations are present:
q is 0, 1 or 2; p is 0 or 1; Q is NH, N(alkyl), O, or
a direct bond; X is N, or C-CN, or CH provided that
Rbb is not heteroaryl or halogen; Z is NH, N(alkyl),
or CH2; B is selected from: phenyl or heteroaryl,
provided that B is not thiadiazinyl; one of Ri and R
is H, and the other is independently selected from the
following: wherein n is 1, 2, 3 or 4; Y is a direct
bond, O, S, NH, or N(alkyl); R is alkoxy, phenoxy,
heteroaryl optionally substituted with R5, hydroxyl,
alkylamino, dialkylamino, oxazolidinonyl optionally
substituted with R5, pyrrolidinonyl optionally
substituted with R5, piperidinonyl optionally
substituted with R5, cyclic heterodionyl optionally
substituted with R , heterocyclyl optionally
substituted with R5, squaryl, -COORy, -CONRWRX, 



-N(Rw)CON(Ry)(Rx), -N(Ry)CON(Rw)(Rx), -N(RW)C(O)ORX,
-N(Rw)CORy, -SRy, -SORy, -SO2Ry, -NRwSO2Ry, -NRWSO2RX,
-SO3R ,, -OSO2NRWRX, or -SO2NRwRx; R5 is one, two, or
three substituents independently selected from
halogen, cyano, trifluoromethyl, amino, hydroxyl,
alkoxy, -C(O)alkyl, -S0 2alkyl, -C(O)N(alkyl)2, alkyl,
-C(1-4)alkyl-OH, or alkylamino; Rw and Rx are
independently selected from: hydrogen, alkyl, alkenyl,
aralkyl, or heteroaralkyl, or Rw and Rx may optionally
be taken together to form a 5 to7 membered ring,
optionally containing a heteromoiety selected from O,
NH, N(alkyl), SO, SO2, or S; Ry is selected from:
hydrogen, alkyl, alkenyl, cycloalkyl, phenyl, aralkyl,
heteroaralkyl, or heteroaryl; and R3 is one or more
substituents independently selected from: alkyl,
alkoxy, halogen, cycloalkyl optionally substituted
with R , heteroaryl optionally substituted with R4,
alkylamino, heterocyclyl optionally substituted with
R4, alkoxyether, -O(cycloalkyl), phenoxy optionally
substituted with R4, or dialkylamino; wherein R4 is
independently selected from: halogen, cyano,
trifluoromethyl, amino, hydroxyl, alkoxy, -C(O)alkyl,
-CO2alkyl, -SO2alkyl, -C(O)N(alkyl) 2, alkyl, or
alkylamino. Still other preferred embodiments of the
invention also include compounds of Formula I wherein
one or more of the following limitations are present:
q is 0, 1 or 2; p is 0 or 1; Q is NH, N(alkyl), O, or
a direct bond; X is N, or C-CN, or CH provided that
Rbb is not heteroaryl or halogen; Z is NH, N(alkyl),
or CH2; B is selected from: phenyl or heteroaryl,
provided that B is not thiadiazinyl; one of Ri and R2
is H, and the other is independently selected from the
following: (a-1), (a-2), (a-3), or (a-4) . wherein n
is 1, 2, 3 or 4; Y is a direct bond, O, NH, or
N(alkyl); R is alkoxy, heteroaryl optionally
substituted with R5, hydroxyl, alkylamino,
dialkylamino, oxazolidinonyl optionally substituted
with R , pyrrolidinonyl optionally substituted with
R5, piperidinonyl optionally substituted with R5,
heterocyclyl optionally substituted with R5, -CONRWRX,
-N(Ry)C0N(R w)(Rx), -N(Rw)CORy, -SRy, -SORy, -SO2Ry,
or -NRwSO2Ry; R5 is one, two, or three substituents
independently selected from: halogen, cyano,
trifluoromethyl, amino, hydroxyl, alkoxy, -C(O)alkyl,
-SOaalkyl, -C(O)N(alkyl)2, alkyl, -C(1-4)alkyl-OH, or
alkylamino;Rw and Rx are independently selected from:
hydrogen, alkyl, alkenyl, aralkyl, or heteroaralkyl,
or Rw and Rx may optionally be taken together to form
a 5 to 7 membered ring, optionally containing a
heteromoiety selected from O, NH, N(alkyl), SO, SO2,
or S; Ry is selected from: hydrogen, alkyl, alkenyl,
cycloalkyl, phenyl, aralkyl, heteroaralkyl, or
heteroaryl; and R3 is one or more substituents
independently selected from: alkyl, alkoxy, halogen,
cycloalkyl optionally substituted with R , heteroaryl
optionally substituted with R4, alkylamino,
heterocyclyl optionally substituted with R4,
alkoxyether, -O(cycloalkyl), phenoxy optionally
substituted with R4, or dialkylamino; wherein R4 is
independently selected from: halogen, cyano,
trifluoromethyl, amino, hydroxyl, alkoxy, -C(O)alkyl,
-CO2alkyl, -SO2alkyl, -C(O)N(alkyl)2, alkyl, or
alkylamino. Particularly preferred embodiments of the
invention are compounds of Formula I wherein one or
more of the following limitations are present: q is 0,
1 or 2; p is 0 or 1; Q is NH, N(alkyl), O, or a direct
bond; Z is NH or CH2; B is selected from: phenyl or
heteroaryl, provided that B is not thiadiazinyl; X is
N, or C-CN, or CH provided that Rbb is not heteroaryl
or halogen; one of Ri and R2 is H, and the other is
independently selected from the following: (a-1), or
(a-4) . wherein n is 1, 2, or 3; Y is O; Ra is alkoxy,
hydroxyl, heteroaryl optionally substituted with R5,
alkylamino, dialkylamino, pyrrolidinonyl optionally
substituted with R5, heterocyclyl optionally
substituted with R5, -CONRWRX, -N(Ry)CON(Rw)(Rx),
-SO2Ry, or -NRwSO2Ry; R5 is one substituent
independently selected from: -C(O)alkyl, -Sq 2alkyl,
-C(O)N(alkyl)2, alkyl, or -C(1-4)alkyl-OH;Rw and Rx
are independently selected from: hydrogen, alkyl,
alkenyl, aralkyl, 



or heteroaralkyl, or Rw and Rx may optionally be taken
together to form a 5 to 7 membered ring, optionally
containing a heteromoiety selected from O, NH,
N(alkyl), SO, SO2, or S; Ry is selected from:
hydrogen, alkyl, alkenyl, cycloalkyl, phenyl, aralkyl,
heteroaralkyl, or heteroaryl; and R3 is one
substituent selected from: alkyl, alkoxy, cycloalkyl,
heterocyclyl, -O(cycloalkyl), phenoxy, or
dialkylamino. Most particularly preferred embodiments
of the invention also include compounds of Formula I
wherein one or more of the following limitations are
present: q is 1 or 2; p is 0 or 1; Q is NH, O, or a
direct bond; X is N; Z is NH; B is selected from:
phenyl and pyridinyl; one of Ri and R2 is H, and the
other is independently selected from the following: YN
-R a a"1 ) ; wherein n is 1, 2, or 3; Y is O; Ra is
alkoxy, hydroxyl, alkylamino, dialkylamino,
pyrrolidinonyl optionally substituted with R5,
heterocyclyl optionally substituted with R5, or
-NRwSO2Ry; R5 is one substituent independently
selected from: -C(O)alkyl, -Sq 2alkyl, -C(O)N(alkyl)2,
alkyl, or -C(1-4)alkyl-OH; Rw and Rx are independently
selected from: hydrogen, alkyl, alkenyl, aralkyl, or
heteroaralkyl, or Rw and Rx may optionally be taken
together to form a 5 to 7 membered ring, optionally
containing a heteromoiety selected from O, NH,
N(alkyl), SO, SO2, or S;Ry is selected from: hydrogen,
alkyl, alkenyl, cycloalkyl, phenyl, aralkyl,
heteroaralkyl, or heteroaryl; and R3 is one
substituent selected from: alkyl, alkoxy,
heterocyclyl, -O(cycloalkyl), or dialkylamino.
PHARMACEUTICALLYACCEPTABLYSALTS The compounds of the
present invention may also be present in the form of
pharmaceutically acceptable salts. For use in
medicines, the salts of the compounds of this
invention refer to non-toxic "pharmaceutically
acceptable salts." FDA approved pharmaceutically
acceptable salt forms (Ref. International J. Pharm.
1986, 33, 201-217; J. Pharm. ScL, 1977, Jan, 66(1),
pi) include pharmaceutically acceptable acidic/anionic
or basic/cationic salts. Pharmaceutically acceptable
acidic/anionic salts include, and are not limited to
acetate, benzenesulfonate, benzoate, bicarbonate,
bitartrate, bromide, calcium edetate, camsylate,
carbonate, chloride, citrate, dihydrochloride,
edetate, edisylate, estolate, esylate, fumarate,
glyceptate, gluconate, glutamate, glycollylarsanilate,
hexylresorcinate, hydrabamine, hydrobromide,
hydrochloride, hydroxynaphthoate, iodide, isethionate,
lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylbromide, methylnitrate, methylsulfate,
mucate, napsylate, nitrate, pamoate, pantothenate,
phosphate/diphosphate, polygalacturonate, salicylate,
stearate, subacetate, succinate, sulfate, tannate,
tartrate, teoclate, tosylate and triethiodide. Organic
or inorganic acids also include, and are not limited
to, hydriodic, perchloric, sulfuric, phosphoric,
propionic, glycolic, methanesulfonic,
hydroxyethanesulfonic, oxalic, 2-naphthalenesulfonic,
p-toluenesulfonic, cyclohexanesulfamic, saccharinic or
trifluoroacetic acid. Pharmaceutically acceptable
basic/cationic salts include, and are not limited to
aluminum, 2-amino-2-hydroxymethyl-propane-l,3-diol
(also known as tris(hydroxymethyl)aminomethane,
tromethane or "TRIS"), ammonia, benzathine,
-butylamine, calcium, calcium gluconate, calcium
hydroxide, chloroprocaine,choline, choline
bicarbonate, choline chloride, cyclohexylamine,
diethanolamine, ethylenediamine, lithium, LiOMe,
L-lysine, magnesium, meglumine, NH3, NH4OH,
N-methyl-D-glucamine, piperidine, potassium,
potassium-t-butoxide, potassium hydroxide (aqueous),
procaine, quinine, sodium, sodium carbonate,
sodium-2-ethylhexanoate (SEH), sodium hydroxide,
triethanolamine (TEA) or zinc. PRODRUGS The present
invention includes within its scope prodrugs of the
compounds of the invention. In general, such prodrugs
will be functional derivatives of the compounds which
are readily convertible in vivo into an active
compound. Thus, in the methods of treatment of the
present invention, the term "administering" shall
encompass the means for treating, ameliorating or
preventing a syndrome, disorder or disease 



described herein with a compound specifically
disclosed or a compound, or prodrug thereof, which
would obviously be included within the scope of the
invention albeit not specifically disclosed for
certain of the instant compounds. Conventional
procedures for the selection and preparation of
suitable prodrug derivatives are described in, for
example, "Design of Prodrugs", ed. H. Bundgaard,
Elsevier, 1985. STEREOCHEMICAL ISOMERS One skilled in
the art will recognize that the compounds of Formula I
may have one or more asymmetric carbon atoms in their
structure. It is intended that the present invention
include within its scope single enantiomer forms of
the compounds, racemic mixtures, and mixtures of
enantiomers in which an enantiomeric excess is
present. The term "single enantiomer " as used herein
defines all the possible homochiral forms which the
compounds of Formula I and their N-oxides, addition
salts, quaternary amines or physiologically functional
derivatives may possess. Stereochemically pure
isomeric forms may be obtained by the application of
art known principles. Diastereoisomers may be
separated by physical separation methods such as
fractional crystallization and chromatographic
techniques, andenantiomers may be separated from each
other by the selective crystallization of the
diastereomeric salts with optically active acids or
bases or by chiral chromatography. Pure stereoisomers
may also be prepared synthetically from appropriate
stereochemical^ pure starting materials, or by using
stereoselective reactions. The term "isomer" refers to
compounds that have the same composition and molecular
weight but differ in physical and/or chemical
properties. Such substances have the same number and
kind of atoms but differ in structure. The structural
difference may be in constitution (geometric isomers)
or in an ability to rotate the plane of polarized
light (enantiomers). The term "stereoisomer" refers to
isomers of identical constitution that differ in the
arrangement of their atoms in space. Enantiomers and
diastereomers are examples of stereoisomers. The term
"chiral" refers to the structural characteristic of a
molecule that makes it impossible to superimpose it on
its mirror image. The term "enantiomer" refers to one
of a pair of molecular species that are mirror images
of each other and are not superimposable. The term
"diastereomer" refers to stereoisomers that are not
mirror images. The symbols "R" and "S" represent the
configuration of substituents around a chiral carbon
atom(s). The term "racemate" or "racemic mixture"
refers to a composition composed of equimolar
quantities of two enantiomeric species, wherein the
composition is devoid of optical activity. The term
"homochiral" refers to a state of enantiomeric
purity.The term "optical activity" refers to the
degree to which a homochiral molecule or nonracemic
mixture of chiral molecules rotates a plane of
polarized light. The term "geometric isomer" refers to
isomers that differ in the orientation of substituent
atoms in relationship to a carbon-carbon double bond,
to a cycloalkyl ring or to a bridged bicyclic system.
Substituent atoms (other than H) on each side of a
carbon-carbon double bond may be in an E or Z
configuration. In the "E" (opposite sided)
configuration, the substituents are on opposite sides
in relationship to the carbon- carbon double bond; in
the "Z" (same sided) configuration, the substituents
are oriented on the same side in relationship to the
carbon-carbon double bond. Substituent atoms (other
than hydrogen) attached to a carbocyclic ring may be
in a cis or trans configuration. In the "cis"
configuration, the substituents are on the same side
in relationship to the plane of the ring; in the
"trans" configuration, the substituents are on
opposite sides in relationship to the plane of the
ring. Compounds having a mixture of "cis" and "trans"
species are designated "cis/trans". It is to be
understood that the various substituent stereoisomers,
geometric isomers and mixtures thereof used to prepare
compounds of the present invention are either
commercially available, can be prepared synthetically
from commercially available starting materials or can
be prepared as isomeric mixtures and then obtained as
resolved isomers using techniques well-known to those
of ordinary skill in the art. The isomeric descriptors
"R," "S," "E," "Z," "cis," and "trans" are used as
described herein for indicating atom configuration(s)
relative to a core molecule and are intended to be
used as defined in the literature (IUPAC
Recommendations for Fundamental Stereochemistry
(Section E), PureAppl. Chem., 1976, 45:13-30). The
compounds of the present invention may be prepared as
individual isomers by either isomer-specific synthesis
or resolved from an isomeric mixture. Conventional
resolution techniques include forming the free base of
each isomer of an isomeric pair using an optically
active salt (followed by fractional crystallization
and regeneration of the free base), forming an ester
or amide of each of the isomers of an isomeric pair
(followed by chromatographic separation and removal of
the chiral auxiliary) orresolving an isomeric mixture
of either a starting material or a final product using



preparative TLC (thin layer chromatography) or a
chiral HPLC column. POLYMORPHS Furthermore, compounds
of the present invention may have one or more
polymorph or amorphous crystalline forms and as such
are intended to be included in the scope of the
invention. In addition, some of the compounds may form
solvates with water (i.e., hydrates) or common organic
solvents, and such are also intended to be encompassed
within the scope of this invention. N-OXIDES The
compounds of Formula I may be converted to the
corresponding N-oxide forms following art-known
procedures for converting a trivalent nitrogen into
its N-oxide form. Said N-oxidation reaction may
generally be carried out by reacting the starting
material of Formula I with an appropriate organic or
inorganic peroxide. Appropriate inorganic peroxides
comprise, for example, hydrogen peroxide, alkali metal
or earth alkaline metal peroxides, e.g. sodium
peroxide, potassium peroxide; appropriate organic
peroxides may comprise peroxy acids such as, for
example, benzenecarboperoxoic acid or halo substituted
benzenecarboperoxoic acid, e.g. 3-
chlorobenzenecarboperoxoic acid, peroxoalkanoic acids,
e.g. peroxoacetic acid, alkylhydroperoxides, e.g.
tbutyl hydro-peroxide. Suitable solvents are, for
example, water, lower alcohols, e.g. ethanol and the
like, hydrocarbons, e.g. toluene, ketones, e.g.
2-butanone, halogenated hydrocarbons, e.g.
dichloromethane, and mixtures of such solvents.
TAUTOMERIC FORMS Some of the compounds of Formula I
may also exist in their tautomeric forms. Such forms
although not explicitly indicated in the present
application are intended to be included within the
scope of the present invention.PREPARATION OF
COMPOUNDS OF THE PRESENT INVENTION During any of the
processes for preparation of the compounds of the
present invention, it may be necessary and/or
desirable to protect sensitive or reactive groups on
any of the molecules concerned. This may be achieved
by means of conventional protecting groups, such as
those described in Protecting Groups, P. Kocienski,
Thieme Medical Publishers, 2000; and T.W. Greene &
P.G.M. Wuts, Protective Groups in Organic Synthesis ,
3rd ed. Wiley Interscience, 1999. The protecting
groups may be removed at a convenient subsequent stage
using methods known in the art. General Reaction
Scheme I Compounds of Formula I can be prepared by
methods known to those who are skilled in the art. The
following reaction schemes are only meant to represent
examples of the invention and are in no way meant to
be a limit of the invention. The compounds of Formula
I, wherein Q is O and p, q, B, X, Z, R1, R , and R are
as defined in Formula I, may be synthesized as
outlined by the general synthetic route illustrated in
Scheme 1. Treatment of an appropriate
4-chloroquinazoline or quinoline II with an
appropriate hydroxy cyclic amine III in a solvent such
as isopropanol at a temperature of 50 C to 150 0C can
provide the intermediate IV. Treatment of intermediate
IV with a base such as sodium hydride in a solvent
such as tetrahydrofuran (THF) followed by addition of
the appropriate acylating group V,wherein Z is NH or
N(alkyl) and LG may be chloride, p-nitrophenoxy or
imidazole, or, when Z is CH2, via coupling with an
appropriate R3BCH2CO2H using a standard coupling
reagent such as
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDC) or 1-hydroxybenzotriazole (HOBT),
can provide the final product I . The
4-chloroquinazolines or quinolines II are either
commercially available or can be prepared as outlined
in Schemes 6 or 7; the hydroxy cyclic amines III are
commercially available or are derived from known
methods (JOC, 1961, 26, 1519; EP3 14362). The
acylating reagents V are either commercially available
or can be prepared as illustrated in Scheme 1.
Treatment of an appropriate R3BZH, wherein Z is NH or
N(alkyl), with an appropriate acylating reagent such
as carbonyldiimidazole or p-nitrophenylchloroformate
in the presence of a base such as triethylamine can
provide V. Many R3BZH reagents are either commercially
available and can be prepared by a number of known
methods (e.g.Tet Lett 1995, 36, 2411-2414). Scheme 1
ent Alternatively compounds of Formula I, wherein Q is
O, Z is NH or N(alkyl), and p, q, B, X, R1, R2, and R3
are defined as in Formula I, may be synthesized as
outlined by the general synthetic route illustrated in
Scheme 2. Treatment of alcohol intermediate IV,
prepared as described in Scheme 1, with an acylating
agent such ascarbonyldiimidazole or
p-nitrophenylchloroformate, wherein LG may be
chloride, imidazole, or p-nitrophenoxy, can provide
the acylated intermediate VI. Subsequent treatment of
VI with an appropriate R3BZH, wherein Z is NH or
N(alkyl), can provide the final product I . The
acylating reagents are commercially available while
many 



R3BZH reagents are either commercially available and
can be prepared by a number of known methods
(e.g.TetLett 1995, 36, 2411-2414). wherein LG is a
leaving group An alternative method to prepare
compounds of Formula I, wherein Q is O, Z is NH, and
p, q, B, X, R1, R , and R3 are defined as in Formula
I, is illustrated in Scheme 3. Treatment of alcohol
intermediate IV, prepared as described in Scheme 1,
with an appropriate isocyanate in the presence of a
base such as triethylamine can provide the final
product I . The isocyanates are either commercially
available or can be prepared by a known method (J. Org
Chem, 1985, 50, 5879-5881). Scheme 3 A method for
preparing compounds of Formula I, wherein Q is NH or
N(alkyl), and p, q, B, X, Z, R1, R2, and R3 are
defined as in Formula I, is outlined by the
generalsynthetic route illustrated in Scheme 4.
Treatment of the appropriate chloroquinazoline or
quinoline II with an N-protected aminocyclic amine
VII, where PG is an amino protecting group known to
those skilled in the art, in a solvent such as
isopropanol at a temperature of 50 C to 150 C can
provide intermediate VIII. Deprotection of the amino
protecting group (PG) under standard conditions known
in the art can provide compound IX, which can then be
acylated with an appropriate reagent V, wherein Z is
NH or N(alkyl) and LG may be chloride, p-nitrophenoxy,
or imidazole, or, when Z is CH , acylated via coupling
with an appropriate R BCH CO2H using a standard
coupling reagent such as l-(3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride (EDC) or
1-hydroxybenzotriazole (HOBT), to provide the final
product I . The 4-chloroquinazolines or quinolines II
are either commercially available or can be prepared
as outlined in Schemes 6 or 7; the amino cyclic amines
are commercially available or are derived from known
methods (US4822895; EP401623); and R3 acylating
reagents V are either commercially available or can be
prepared as outlined in Scheme 1. Additionally,
compounds of Formula I , wherein Z is NH, can be
obtained by treatment of intermediate IX with an
appropriate isocyanate.Scheme 4 wh A method for
preparing compounds of Formula I, where Q is a direct
bond, Z is NH or N(alkyl), and p, q, B, X, R1, R , and
R3 are defined as in Formula I, is outlined by the
general synthetic route illustrated in Scheme 5.
Treatment of an appropriate 4- chloroquinazoline or
quinoline II with a cyclic aminoester X in a solvent
such as isopropanol at a temperature of 50 C to 150 C
followed by basic hydrolysis of the ester
functionality can provide intermediate XI. Coupling of
an appropriate R3BZH, wherein Z is NH or N(alkyl), to
XI using a standard coupling reagent such as l-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDC) or carbonyldiimidazole can provide final
compound I .Xl Chloroquinazoline II can be prepared by
the reaction sequence illustrated in Scheme 6.
Starting from a corresponding anthranilic acid XII,
treatment with a reagent such as formamidine in a
solvent such as ethanol can provide quinazolone XIII.
Subsequent treatment of XIII with a chlorinating
agent, such as phosphorous oxytrichloride, or oxalyl
chloride in dimethylformamide (DMF) in a solvent such
as dichloroethane, can provide the desired
chloroquinazoline II. The anthranilic acids are either
commercially available or can be prepared by known
methods (WO9728118). Scheme 6 Preparation of an
appropriate 4-chloro-3-cyanoquinoline II can be
prepared by the reaction sequence illustrated in
Scheme 7. Starting from an aniline XIV, treatment with
cyanoester XV in a solvent such as toluene at a
temperature of 100 C to 150 C followed by additional
heating at a temperature of 200 0C to 250 0C in a
solvent such as 1,2-dichlorobenzene can provide the
quinolone XVI. Subsequent treatment of XVI with a
chlorinating agent, such as phosphorous
oxytrichloride, or oxalyl chloride in DMF in a solvent
such as dichloroethane, can provide the desired
chloroquinoline II.The starting anilines are either
commercially available or can be prepared by a number
of known methods (e.g. TetLett 1995, 36, 2411-2414).
Scheme 7 chlorination Compounds of Formula I, wherein
R1 is -CC(CH2)nRa and n, p, q, B, X, Z, Q, R , R2, and
R3 are defined as in Formula I, can be prepared by the
sequence outlined in Scheme 8. Treatment of the
appropriate 6-iodo heteroaromatic XVII, prepared by a
method outlined in Schemes 1-5, with an appropriate
alkynyl alcohol in the presence of a palladium
catalyst such as bis(triphenylphosphine)palladium
dichloride, a copper catalyst such as copper(I)
iodide, a base such as diethyl amine and a solvent
such as dimethylformamide at a temperature of 25 C to
150 C can provide the alkynyl alcohol XVIII.
Conversion of the alcohol XVIII to an appropriate
leaving group known by those skilled in the art such
as a mesylate followed by an SN2 displacement 



reaction with an appropriate nucleophilic heterocycle,
heteroaryl, amine, alcohol, or thiol can provide the
final compound I . If R nucleophile is a thiol,
further oxidation of the thiol can provide the
corresponding sulfoxides and sulfones. If R
nucleophile is an amino, acylation of the nitrogen
with an appropriate acylating or sulfonylating agent
can provide the corresponding amides, carbamates,
ureas, and sulfonamides. If the desired Ra is COORy or
CONRWRX, these can be derived from the corresponding
hydroxyl group. Oxidation of the hydroxyl group to the
acid followed by ester or amide formation under
conditions known in the art can provide examples
wherein Ra is COORy or CONRWRX. One could prepare the
compounds where R2 is -CC(CH2)nRa utilizing the same
reaction sequence with the appropriate 7-iodoaryl
intermediate.Scheme 8 wherein: LG is a leaving group
Nuc is a nucleophile Compounds of Formula I, wherein
R1 is -CHCH(CH 2)nRa and n, p, q, B, X, Z, Q, Ra, R2,
and R3 are defined as in Formula I, can be prepared by
the sequence outlined in Scheme 9. Treatment of the
appropriate 6-iodo heteroaromatic XVII, prepared by a
method outlined in Schemes 1-5, with an appropriate
vinylstannane XX in the presence of a palladium
catalyst such as bis(triphenylphosphine)palladium
dichloride and a solvent such as dimethylformamide at
a temperature of 25 C to 150 C can provide the alkenyl
alcohol XXI. Conversion of the alcohol XXI to an
appropriate leaving group known by those skilled in
the art such as a mesylate followed by an SN
displacement reaction with an appropriate nucleophilic
heterocycle, heteroaryl, amine, alcohol, sulfonamide,
or thiol can provide the final compound I . If Ra
nucleophile is a thiol, further oxidation of the thiol
can provide the corresponding sulfoxides and sulfones.
If Ra nucleophile is an amino, acylation of the
nitrogen with an appropriate acylating or
sulfonylating agent can provide the corresponding
amides, carbamates, ureas, and sulfonamides. If the
desired Ra is COOR , or CONRWRX, these can be derived
from the corresponding hydroxyl group. Oxidation of
the hydroxyl group tothe acid followed by ester or
amide formation under conditions known in the art can
provide examples wherein Ra is COORy or CONRWRX. The
corresponding cis olefin isomers of Formula I can be
prepared by the same method utilizing the appropriate
cis vinyl stannane reagent. Reduction of the olefin
moiety under known conditions can provide the
saturated compounds where R1 s -CH CH (CH2)I1Ra. One
could prepare the compounds where R2 is -CHCH(CH2)nRa
utilizing the same reaction sequence with the
appropriate 7-iodo quinazoline or quinoline. Scheme 9
wherein LG is a leaving group Nuc is a nucleophile
Compounds of Formula I, where R1 is phenyl or
heteroaryl and p, q, B, X, Z, Q, R2, and R3 are
defined as in Formula I, can be prepared as outlined
in Scheme 10. Treatment of compound XVII, which can be
prepared as described in Schemes 1-5, with an
appropriate aryl boronic acid or aryl boronic ester,
ArB(OR)2 wherein R is H or alkyl, in the presence of a
palladium catalyst such as
bis(triphenylphosphine)palladium dichloride in a
solvent such as toluene at a temperature of 50 C to
200 C can provide the final compound I . The
boronicacids/boronic esters are either commercially
available or prepared by known methods (Synthesis
2003, 4, 469-483; Organic letters 2001, 3, 1435-1437).
One could prepare the compounds where R2 is phenyl or
heteroaryl utilizing the same reaction sequence with
the appropriate 7-iodo quinazoline or quinoline.
Scheme 10 XVII Ar is aryl or heteroaryl R is H or
alkyl Compounds of Formula I, wherein R2 is
-Y(CHi)nRa, Q is NH, N(alkyl), or O, and n, p, q, B,
X, Z, R1, and R are defined as in Formula I, can be
prepared by the sequence outlined in Scheme 11.
Treatment of compound XXIII, which can be prepared as
described in Schemes 1 or 4, with a base such as
hydroxide ion or potassium tbutoxide in the presence
of a suitable R (CHi)nYH at a temperature of 25 C to
150 C in a solvent such as THF can provide the
substituted XXIV. Deprotection of the amine or alcohol
protecting group known to those skilled in the art
under standard conditions can provide the intermediate
XXV. Acylation of XXV in the presence of a base such
as diisopropylethylamine with an appropriate reagent
V, wherein Z is NH or N(alkyl) and LG is an
appropriate leaving group, such as be chloride,
imidazole, or p-nitrophenoxy, or, when Z is CH2, via
coupling with an appropriate R3BCH2CO2H using a
standard coupling reagent such as
l-(3-dimethylaminopropyl)-3- ethylcarbodiimide
hydrochloride (EDC) or 1-hydroxybenzotriazole (HOBT),
can provide the final compound I . One could prepare
the compounds where R1 is - Y(CH2)nRa utilizing the
same reaction sequence with the appropriate
6-halogenated 



substituted quinazoline or quinoline.Scheme 11
Deprotection XXIII HaI=CI, F wh Alternatively
compounds of Formula I, wherein Q is O, NH or
N(alkyl), and p, q, B, X, Z, R1, R2, and R3 are
defined as in Formula I, may be synthesized as
outlined by the general synthetic route illustrated in
Scheme 12. Treatment of an appropriate Nprotected
cyclic amine XXVI, where PG is an amino protecting
group known to those skilled in the art, with an
acylating agent V, wherein LG may be chloride,
imidazole, or p-nitrophenoxy, can provide the acylated
intermediate XXVII. Deprotection of the amino
protecting group (PG) of XXVII under standard
conditions known in the art, followed by treatment
with an appropriate chloroquinazoline or quinoline II
in a solvent such as isopropanol at a temperature of
50 C to 150 C, can provide the final product I .Scheme
12 XXVI XXVlI wherein LG is a leaving group PG is
Protecting Group Alternatively compounds of Formula I,
wherein Q is a direct bond, Z is NH or N(alkyl), and
p, q, B, X, R1, R , and R3 are defined as in Formula
I, may be synthesized as outlined by the general
synthetic route illustrated in Scheme 13. Coupling of
an appropriate N-protected cyclic amino acid XXVIII,
where PG is an amino protecting group known to those
skilled in the art, with an appropriate R3BZH, wherein
Z is NH or N(alkyl), using a standard coupling reagent
such as l-(3- dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDC) or carbonyldiimidazole, can
provide the acylated intermediate XXIX. Deprotection
of the amino protecting group (PG) of XXIX under
standard conditions known in the art, followed by
treatment with an appropriate chloroquinazoline or
quinoline II in a solvent such as isopropanol at a
temperature of 50 C to 150 0C, can provide the final
product I . Scheme 13REPRESENTATIVE COMPOUNDS
Representative compounds of the present invention
synthesized by the aforementioned methods are
presented below. Examples of the synthesis of specific
compounds are presented thereafter. Preferred
compounds are numbers 5, 12, 14, 17, 64, 66, 70, 71,
74 and 75; particularly preferred are numbers 66, 70,
71, 74 and 75. CompoundCompoundSTIMULATION OF
PANCREATIC b CELL PROLIFERATION FIELD OF THE INVENTION
[001] This invention provides a novel protein involved
in pancreatic b-cell proliferation and/or insulin
secretion, nucleic acids and constructs encoding the
same, and cells comprising the same. The invention
also provides diagnostic and therapeutic applications
of the TMEM27 protein. BACKGROUND OF THE INVENTION
[002] Pancreatic b-cell hyperplasia is an important
adaptive mechanism to maintain normoglycemia during
physiological growth and in obesity. Increasing
evidence suggests that the b-cell mass is dynamic and
that increased demands on insulin secretion in insulin
resistance and pregnancy can lead to rapid and marked
changes in the b-cell mass. The mass of b-cells is
governed by the balance of b-cell growth (replication)
and by b-cell death (apoptosis), however, the
molecular basis of the factors that control b-cell
mass remain elusive. Understanding how b-cell mass is
regulated is important to design rational approaches
to prevent pancreatic b-cell loss in insulin resistant
states and to expand b-cells for transplantation in
type 1 diabetes. [003] During development, b-cells are
generated from a population of pancreatic progenitor
cells. The b- cells that differentiate from progenitor
cells are postmitotic, and direct lineage tracing
studies indicate that a population of progenitor cells
persists throughout embryogenesis to allow the
differentiation of new b- cells. In the neonatal
period new b-cells are formed by replication of
differentiated b-cells, which results in a massive
increase in b-cell mass. In adulthood there is little
increase in the b-cell number except in conditions of
increased demand. During pregnancy a marked
hyperplasia of the b-cells is observed both in rodents
and man. This is due to increased mitotic activity of
b-cells exposed to placental lactogen (PL), prolactin
(PRL) and growth hormone (GH). The growth stimulatory
signals in pathological insulin resistant states are
less well understood. [004] Several mouse models of
insulin resistance and diabetes, such as the oblob and
dbldb mice or mutant mice created by inactivation of
the gene for insulin receptor substrate-1 (IRS-I) or
double heterozygous (DH) knockout of the insulin
receptor and IRS-I, exhibit marked islet hyperplasia.
In contrast, loss of IRS2 function leads to a dramatic
reduction of b-cells and diabetes. Glucose itself is
known to stimulate b-cell replication, however, many
of the above mouse models increase their total islet
mass before the onset of detectable hyperglycemia.
Furthermore, in most cases the hyperplastic response
bears no relationship to the level of hyperglycemia,
suggesting that factors independent of glucose likely 



contribute to the islet growth.[005] Endocrine
pancreatic growth during development depends on
multiple transcription factors that display highly
specific temporal and spatial expression patterns that
control mechanisms for cell differentiation. During
early pancreatic development, cell fate decisions and
differentiation of endocrine progenitor cells into
hormone-producing islet cells is tightly regulated by
the sequential expression of specific transcription
factors. The expression of these factors is also
important for maintaining normal pancreatic b-cell
function in adult life. For instance, mutations in
several transcription factors lead to a subtype of
type 2 diabetes called maturity-onset diabetes of the
young (MODY), which are characterized by autosomal
dominant inheritance, an early age of disease-onset,
and development of marked hyperglycemia with a
progressive impairment in insulin secretion. The most
frequent form of MODY is caused by mutations in the
gene encoding hepatocyte nuclear factor (Tcf 1).
Mutant mice with loss of Tcf 1 function as well as
transgenic mice expressing a naturally occurring
dominant-negative form of human HNF-I (P291fsinsC) in
pancreatic b-cells exhibit progressive hyperglycemia
with age due to impaired glucose-stimulated insulin
secretion. These mice exhibit a progressive reduction
in b-cell number, proliferation rate, and pancreatic
insulin content. These data suggest that Tcf-1 target
genes are also required for maintenance of normal
b-cell mass, though their identity is as yet unknown.
SUMMARY OF THE INVENTION [006] In one embodiment, this
invention provides an isolated nucleic acid comprising
a regulatory region of a gene encoding a TMEM27
protein, wherein said regulatory region comprises at
least one high-affinity binding site for a Tcfl
protein. In one embodiment, the regulatory region has
a nucleic acid sequence corresponding to or homologous
to SEQ ID NO: 10 or 11. In another embodiment, the
binding site comprises a nucleic acid sequence
corresponding to or homologous to SEQ ID NO: 12, 13,
14, or 15. In another embodiment, this invention
provides a cell, or in another embodiment, a vector
comprising a nucleic acid of this invention. [007] In
another embodiment, this invention provides an
isolated polypeptide, comprising a secreted form of a
TMEM27 protein, wherein said polypeptide is about 25
kDa in size, and comprises an N-terminal fragment of a
sequence corresponding to, or homologous to, SEQ ID
NO: 16. [008] In another embodiment, this invention
provides a method of increasing pancreatic b-cell
mass, said method' comprising contacting a pancreatic
b-cell or a cell which may be induced to become a
pancreatic b-cell with a TMEM27 polypeptide and
providing conditions favorable for b-cell
proliferation. [009] In another embodiment, this
invention provides a method of increasing pancreatic
b-cell mass, said method comprising contacting a
pancreatic b-cell or a cell which may be induced to
become a pancreaticb-cell with a nucleic acid encoding
a TMEM27 polypeptide and providing conditions
favorable for expression of said nucleic acid. [0010]
In another embodiment, this invention provides a
method of altering metabolism in a subject, said
method comprising contacting a pancreatic b-cell or a
cell which may be induced to become a pancreatic
b-cell with a TMEM27 polypeptide or a nucleic acid
encoding said TMEM27 polypeptide. [001I]In another
embodiment, this invention provides a method of
inhibiting, suppressing or treating diabetes in a
subject, said method comprising contacting a
pancreatic b-cell or a cell which may be induced to
become a pancreatic b-cell with a TMEM27 polypeptide
or a nucleic acid encoding said TMEM27 polypeptide.
[0012] In another embodiment, this invention provides
a method of assessing pancreatic islet mass in a
subject, the method comprising the step of determining
a concentration of TMEM27 in the serum of said subject
and comparing said concentration versus that of a
control. [0013] In another embodiment, this invention
provides a method for identifying proteins which
interact with a TMEM27 protein, or a secreted form
thereof, the method comprising the step of contacting
a TMEM27 polypeptide with a molecule of interest for a
time and under conditions sufficient to facilitate
specific interaction between said polypeptide and said
molecule of interest and identifying said molecule of
interest. [0014] In another embodiment, this invention
provides a method of increasing pancreatic b-cell
mass, said method comprising contacting a pancreatic
b-cell or a cell which may be induced to become a
pancreatic b- with a serine or metallo protease
inhibitor and providing conditions favorable for
expression of said nucleic acid. [0015] In another
embodiment, this invention provides a method of
altering metabolism in a subject, said method
comprising contacting a pancreatic b-cell or a cell
which may be induced to become a pancreatic b-cell
with a serine or metallo protease inhibitor . [0016]
In another embodiment, this invention provides a
method of inhibiting, suppressing or treating diabetes
in a subject, said method comprising contacting a
pancreatic b-cell or a cell which may be induced to
become a pancreatic b-cell with a serine or metallo
protease inhibitor. BRIEF DESCRIPTION OF THE DRAWINGS
[0017] Figure 1 demonstrates TMEM27 expression
regulated by Tcfl. (A) TMEM27 expression is decreased
in the islets of Tcfl 1 mice compared to wildtype
littermate controls. Expression levels were measured
with RT-PCR, GAPDH was used as a control. (B) Promoter
analysis predicted two conserved Tcf binding sites in
the upstream regulatory regions of human (SEQ ID NO:
10) and mouse (SEQ ID NO: 11) TMEM27 genes, at -60 and
-117 base pairs relative to the transcriptional start
site. Human andmouse promoter sequences are aligned
and Tcf binding sites are boxed in blue. A second site
(red box) denotes a putative Pdx-1 binding site.
Highlighted sequences (green) indicate positions of
the mutated Tcf binding sites. (C) Transcriptional
activation assay in HepG2 cells that were transfected
with pcDNA3 or pTcfl, pCMV- b-glactosidase, and the
luciferase reporter gene using a 815 bp TMEM27 mouse
promoter. 



Tcf binding sites were mutated individually in the
promoter sequence of the reporter vector and MIN6
cells were transfected with vectors pT271uc-wt,
pT271uc-ml or p271uc-m2. Luciferase activity was
normalized to b-galactosidase activity. Each value
represents the mean of eight independent experiments.
(D) EMSA analysis using oligonucleotides for Tcf
binding sites 1 and 2 and whole cell extracts of MIN6
cells. Competitor represents unlabeled double-stranded
oligonucleotides at a 50-fold excess for binding sites
1 and 2. The dark wedge denotes Tcfl interaction with
the labeled 32P-labeled probe and the light wedge
shows the supershift of this interaction after the
addition of an a-Tcfl antibody. Pdxl also binds to
site 2, as this interaction can be shifted with an
anti-Pdxl antibody.(E) ChIP assay in MIN6 cells
demonstrates an in vivo interaction of Tcfl with the
promoter of TMEM27. A 150 bp region spanning binding
sites 1 and 2 was amplified with PCR. This interaction
could not be found in primary hepatocytes which do not
express TMEM27. ChIP for Tcfl was validated in primary
hepatocytes by amplification of a region in ApoM
promoter that spans the Tcfl binding site. [0018]
Figure 2 demonstrates TMEM27 expression in the
developing mouse pancreas. Immunofluorescence of
paraffin embedded pancreatic tissue from denoted time
points in the mouse development with anti-Col-4,
anti-Insulin and anti-Glucagon antibodies. [0019]
Figure 3 demonstrates that TMEM27 is an N-glycosylated
protein and forms dinners. (A) MIN6 cells were
incubated with increasing amounts of tunicamycin,
which inhibits glycosylation at asparagine residues.
Addition of DMSO alone to the cells had no effect. (B)
Supernatant from MIN6 cells was incubated with
N-glycanase. The molecular weight shift in the Western
blot indicates that the enzyme removed sugar moieties
from secreted TMEM27. Secreted protein was detected
with anti-Col-3 antibody. (C) MIN6 cell lysates were
incubated with either PBS or cross-linking reagents
DTBP and BMH. SDSPAGE under non-reducing conditions
and immunoblotting using anti-Col-4 antibodies showed
a band twice the molecular weight of full-length
TMEM27. Under reducing conditions, only the monomer
was detected in PBS and DTBP-treated cell lysates. In
contrast, the dimer persisted in BMH-treated samples
as BMH cross-linking could not be reversed. [0020]
Figure 4 demonstrates that TMEM27 is cleaved and
secreted from b-cells of the islet. (A) Anti- Col-4
antibody in Western blots of MIN6 cells detected two
bands for TMEM27. The 25 kDa band became more abundant
in cells that overexpress pTMEM27.V5-His. (B)
Immunoblots of cell lysates from (A) were probed with
a-V5 antibody. The antibody against the V5 epitope
also detected both bands in pTMEM27.V5-His transfected
cells but not in pcDNA3 transfected cells. (C) Denoted
cell lines weretransfected with pcDNA3 or pTMEM27 and
full length protein was detected with anti-Col-4 in
Western blots of cell lysates. Secreted protein was
detected with anti-Col-3 only in the supernatant of
MEST6 cells. Increased expression of full-length
protein led to increased amounts of secreted protein
solely in the MIN6 cells. (D) Mouse pancreatic islets
were isolated and incubated for 72 hrs. Supernatants
were collected and islets were transferred in lysis
buffer. Full-length protein was detected with
anti-Col-4 in Western blots of lysates and secreted
protein was detected with anti-Col-3 in Western blots
loaded with equal volumes of the supernatant. (E) MIN6
cells were electroporated with siRNAs targeting GFP or
TMEM27. In the cells that were electroporated with
si-TMEM27#l and #2, reduction in the levels of TMEM27
protein was detected with anti-Col-4 48 hrs after
electroporation. SDS-PAGE was run with equal volume of
supernatants from the same cells and reductions in the
levels of secreted proteins were detected with
anti-Col-3. (F) MIN6 cells were electroporated with
pcDNA3, pTMEM27 or pTMEM27- HA. Overexpression of
TMEM27 was detected by Western blotting of cell
lysates 'with anti-Col-4 antibodies. Supernatants from
the same cells were subjected to Western blotting with
anti-HA epitope antibody. [0021] Figure 5 demonstrates
that TMEM27 is located in small vesicles and on plasma
membranes of pancreatic b-cells. (A) MIN6 cells were
permeabilized with 0.01% saponin and stained with
anti-Col-4 antibodies. Immunofluorescence microscopy
with anti-Col-3 antibodies gave similar results. (B)
Electron microscopy performed on MIN6 cells with
anti-Col-4 antibodies localized TMEM27 in small
vesicles. IgG conjugated to 10 run gold particles was
used for detection of the antibody. (C) Using the same
method than in (B), vesicles that contain TMEM27 were
detected during fusion events with the plasma
membrane. [0022] Figure 6 )demonstrates TMEM27
increase of b-cell replication HI vitro. (A) TMEM27
expression levels were measured in islets isolated
from ob/ob mice and wildtype littermate controls with
semi quantitative RT-PCR. GAPDH was used as a loading
control. (B) TMEM27 expression levels were measured as
above in islets isolated from transgenic aP-Srebplc
mice and their wildtype littermate controls. (C)
Isolated islets from wildtype and ob/ob mice were
matched for number and size and incubated in equal
volumes of media for 72 hrs. Secreted protein was
detected with anti-Col-3. (D) MIN6 cells were
electroporated with siRNAs targeting lucif erase or
TMEM27. A representative image of the cells was taken
at 2Ox magnification. Cells were trypsinized 48' hrs
after electroporation, stained with trypan blue and
counted with a hemocytometer. Each value represents a
mean of six independent experiments. (E) MIN6 cells
were electroporated with pcDNA3 or pTMEM27 and
experiments were repeated as above. (F) MDST6 cells
were electroporated as denoted and cell replication
was measured by [3H]thymidine incorporation.[0023]
Figure 7 demonstrates increased islet mass in response
to increased expression of TMEM27 in pancreatic
b-cells. (A) Increased expression of TMEM27 was
detected with anti-Col-4 in Western blots of islets
isolated from RIP-TMEM27 transgenic mice and wildtype
littermate controls. (B) Whole pancreata from
transgenic and control animals (n = 3) were embedded
in paraffin and stained for insulin. Images are
representative of each genotype at 5x magnification.
(C) Insulin staining in 7 mm sections was 



quantified using Metamorph software. At least 50
islets were quantified for each pancreas in sections
greater than 200 mm apart. (D) Whole pancreata from
transgenic and wildtype mice (n = 3) were isolated and
homogenized in acid/ethanol. Insulin content was
normalized per pancreas weight. [0024] Figure 8
demonstrates that TMEM27 may be a substrate of serine
and/or metallo-proteases. MIN6 cells incubated with
the serine protease and metalloprotease inhibitor BB94
had lower levels of antibodyrecognized cleaved N
terminus than MIN6 cells incubated with the phorbol
ester phorbol 12-myristate 13- acetate (PMA) or with
both BB94+PMA. Cells probed with anti-V5 antibodies,
which label the Cterminus of TMEM27, showed comparable
bands in all groups. DETAILED DESCRIPTION OF THE
PRESENT INVENTION [0025] In the following detailed
description, numerous specific details are set forth
in order to provide a thorough understanding of the
invention. However, it will be understood by those
skilled in the art that the present invention may be
practiced without these specific details. In other
instances, well-known methods, procedures, and
components have not been described in detail so as not
to obscure the present invention. [0026] This
invention provides, in one embodiment, a pancreatic,
b-cell specific protein, which participates in b-cell
proliferation, and insulin secretion. [0027] As
described herein, a frequent form of MODY is caused by
mutations in the gene encoding hepatocyte nuclear
factor (Tcfl). Mutant mice with loss of Tcfl function
in pancreatic b-cells exhibit progressive
hyperglycemia with age due to impaired
glucose-stimulated insulin secretion. The mice exhibit
a progressive reduction in b-cell number,
proliferation rate, and pancreatic insulin content,
indicating that Tcf-1 target genes are also required
for maintenance of normal b-cell mass. Tcfl is a
direct activator of TMEM27 transcription, as
demonstrated herein. TMEM27 is shown herein to be
expressed during pancreas development in hormone
positive cells and restricted to pancreatic b-cells in
the mature pancreas. TMEM27 is shown to be a
glycoprotein, specifically cleaved and released by
b-cells in the pancreas, and is a stimulator of b-cell
replication in vitro and in vivo. [0028] In one
embodiment, this invention provides an isolated
nucleic acid comprising a regulatory region of a gene
encoding a TMEM27 protein, wherein said regulatory
region comprises at least one high-affinity binding
site for a Tcfl protein.[0029] In one embodiment, the
term "regulatory region" refers to a promoter, which
is a DNA sequence, which, in one embodiment, is
upstream of a coding sequence, important for basal
and/or regulated transcription of a gene. [0030] In
one embodiment, the promoter is an endogenous
promoter, comprising at least one high-affinity
binding site for a Tcfl protein. In another
embodiment, the promoter is a mutant of the endogenous
promoter, which comprises at least one high-affinity
binding site for a Tcfl protein. Mutations in the
promoter sequence may enhance Tcfl binding, or in
another embodiment, delay Tcfl disengagement, or, in
another embodiment, via any means, alter Tcfl binding
to the TMEM27 promoter, and thereby influence its
transcription. In another embodiment, such mutants
will be evaluated for their promoter strength, in
terms of the resulting levels of expression of TMEM27.
[003I]In one embodiment, the regulatory region has a
nucleic acid sequence corresponding to or homologous
to SEQ ID NO: 10 or 11. [0032] The nucleic acids used
in this invention can be produced by any synthetic or
recombinant process such as is well known in the art.
Nucleic acids can further be modified to alter
biophysical or biological properties by means of
techniques known in the art. For example, the nucleic
acid can be modified to increase its stability against
nucleases (e.g., "end-capping"), or to modify its
lipophilicity, solubility, or binding affinity to
complementary sequences. These nucleic acids may
comprise the vector, the expression cassette, the
promoter sequence, the gene of interest, or any
combination thereof. [0033] DNA according to the
invention can also be chemically synthesized by
methods known in the art. For example, the DNA can be
synthesized chemically from the four nucleotides in
whole or in part by methods known in the art. Such
methods include those described in Caruthers (1985).
DNA can also be synthesized by preparing overlapping
double-stranded oligonucleotides, filling in the gaps,
and ligating the ends together (see, generally,
Sambrook et al. (1989) and Glover et al. (1995)). DNA
expressing functional homologues of the protein can be
prepared from wild-type DNA by site-directed
mutagenesis (see, for example, Zoller et al. (1982);
Zoller (1983); and Zoller (1984); McPherson (1991)).
The DNA obtained can be amplified by methods known in
the art. One suitable method is the polymerase chain
reaction (PCR) method described in Saiki et al.
(1988), Mullis et al., U.S. Pat. No.4,683,195, and
Sambrook et al. (1989). [0034] In another embodiment,
the Tcfl binding site comprises a nucleic acid
sequence corresponding to or homologous to SEQ ID NO:
12, 13, 14, 15. [0035] IIJ another embodiment, this
invention provides a cell, or in another embodiment, a
vector comprising a nucleic acid of this invention.
[0036] In one embodiment, the term "vector" refers to
a nucleic acid construct containing a sequence of
interest that has been subcloned within the
vector.[0037] To generate the vectors of the present
invention, polynucleotides encoding the TMEM27
regulatory region, and in some embodiment, the coding
region for TMEM27, and, in some embodiments, other
sequences of interest can be ligated into commercially
available expression vector systems suitable for
transducing/transforming eukaryotic or prokaryotic
cells and for directing the expression of recombinant
products within the transduced/transformed cells. It
will be appreciated that such commercially available
vector systems can easily be modified via commonly
used recombinant techniques in order to replace, 



duplicate or mutate existing promoter or enhancer
sequences and/or introduce any additional
polynucleotide sequences such as for example,
sequences encoding additional selection markers or
sequences encoding reporter genes. [0038] A vector
according to the present invention, may, in another
embodiment further include an appropriate selectable
marker. The vector may further include an origin of
replication, and may be a shuttle vector, which can
propagate both in prokaryotic, and in eukaryotic
cells, or the vector may be constructed to facilitate
its integration within the genome of an organism of
choice. The vector, in other embodiments may be, for
example, a plasmid, a bacmid, a phagemid, a cosmid, a
phage, a virus or an artificial chromosome. In another
embodiment, the vector is a viral particle comprising
the nucleic acids of the present invention. In another
embodiment, this invention provides liposomes
comprising the nucleic acids and vectors of this
invention. Methods for preparing such liposomes are
well known in the art, and may be as described in, for
example WO 96/18372; WO 93/24640; Mannino and
Gould-Fogerite (1988) BioTechniques 6(7): 682-691;
Rose U.S. Pat. No. 5,279,833; WO 91/06309; and Feigner
et al. (1987) Proc. Natl. Acad. Sci. USA 84:
7413-7414). [0039] In another embodiment, this
invention provides an isolated polypeptide, comprising
a secreted form of a TMEM27 protein, wherein said
polypeptide is about 25 kDa in size, and comprises an
N-terminal fragment of a sequence corresponding to, or
homologous to:
MLWLLFFLVTAmAELCQPGAENAFKVRLSmTALGDKAYAWDTNEEYLFKAMVAF
SMRKVPN
REATEISHVLLCNVTQRVSFWFVVTDPSK]S[HTLPAVEVQSAIRMNKNRINNA
FFLNDQTLEFLKI
PSTLAPPMDPSVP]WIIIFGVIFCmVAIALLILSGrWQRRRKNKEPSEVDDAED
KCENMITIENGIPS DPLDMKGGHINDAFMTEDERLTPL (SEQ ID NO:
16). In one embodiment, the secreted form comprises
142 amino acids. In another embodiment, the secreted
form comprise the N-terminal 100 amino acids, or in
another embodiment, the N-terminal 105 amino acids, or
in another embodiment, the Nterminal 110 amino acids,
or in another embodiment, the N-terminal 115 amino
acids, or in another embodiment, the N-terminal 120
amino acids, or in another embodiment, the N-terminal
125 amino acids, or in another embodiment, the
N-terminal 130 amino acids, or in another embodiment,
the N-terminal 135 amino acids, or in another
embodiment, the N-terminal 140 amino acids, or in
another embodiment, the Nterminal 122 amino acids, or
in another embodiment, the N-terminal 127 amino acids,
or in another embodiment, the N-terminal 117 amino
acids, or in another embodiment, the N-terminal 108
amino acids. [0040] In one embodiment, the TMEM27
protein has a sequence corresponding to, or homologous
to one disclosed in NCBI's Entrez protein database,
having the Accession numbers: NP_065651, AAH50606,
AAH15099, XP_416821, AAH49912, or AAH14317. In one
embodiment, the polypeptides of this invention will
comprise amino acids corresponding to those at
positions 1-142 of a TMEM27 protein, or, in another
embodiment, an N-terminal fragment thereof, or in
another embodiment, a homologue thereof. [004I]In one
embodiment, the terms "homology", "homologue" or
"homologous", in any instance, indicate that the
sequence referred to, whether an amino acid sequence,
or a nucleic acid sequence, exhibits at least 70 %
correspondence with the indicated sequence. In another
embodiment, the amino acid sequence or nucleic acid
sequence exhibits at least 72 %correspondence with the
indicated sequence. In another embodiment, the amino
acid sequence or nucleic acid sequence exhibits at
least 75 % correspondence with the indicated sequence.
In another embodiment, the amino acid sequence or
nucleic acid sequence exhibits at least 77 %
correspondence with the indicated sequence. In another
embodiment, the amino acid sequence or nucleic acid
sequence exhibits at least 80 % correspondence with
the indicated sequence. In another embodiment, the
amino acid sequence or nucleic acid sequence exhibits
at least 82 % correspondence with the indicated
sequence. In another embodiment, the amino acid
sequence or nucleic acid sequence exhibits at least 85
% correspondence with the indicated sequence. In
another embodiment, the amino acid sequence or nucleic
acid sequence exhibits at least 87 % correspondence
with the indicated sequence. In another embodiment,
the amino acid sequence or nucleic acid sequence
exhibits at least 90 % correspondence with the
indicated sequence. In another embodiment, the amino
acid sequence or nucleic acid sequence exhibits at
least 92 % correspondence with the indicated sequence.
In another embodiment, the amino acid sequence or
nucleic acid sequence exhibits at least 95 % or more
correspondence with the indicated sequence. In another
embodiment, the amino acid sequence or nucleic acid
sequence exhibits 95 % - 100 % correspondence to the
indicated sequence. Similarly, as used herein, the
reference to a correspondence to a particular sequence
includes both direct correspondence, as well as
homology to that sequence as herein defined. [0042]
The term "polypeptide" refers, in one embodiment, to a
protein or, in another embodiment, protein fragment,
or, in another embodiment, a string of amino acids. In
one embodiment, reference to "peptide" or
"polypeptide" when in reference to any polypeptide of
this invention, is meant to include native peptides
(either degradation products, synthetically
synthesized peptides or recombinant peptides) and
peptidomimetics (typically, synthetically synthesized
peptides), such as peptoids and semipeptoids which are
peptide analogs, which may have, for example,
modifications rendering the peptides more stable while
in a body or more capable of penetrating into cells.
Such modifications include, but are not limited to
Nterminal, C terminal or peptide bond modification,
including, but not limited to, backbone modifications,
and residue modification, each of which represents an
additional embodiment of the invention. Methods for
preparing peptidornimetic compounds are well known in
the art and are specified, for example, in
Quantitative Drug Design, CA. Ramsden Gd., Chapter
17.2, F. Choplin Pergamon Press (1992). [0043] It is
to be understood that any amino acid sequence whether
obtained naturally or synthetically, by any means,
exhibiting sequence, structural, or functional
homology to the polypeptides described herein are
considered as part of this invention. 



[0044] In one embodiment, the term "homology", when in
reference to any nucleic acid sequence indicates a
percentage of nucleotides in a candidate sequence that
are identical with the nucleotides of a corresponding
native nucleic acid sequence. [0045] Homology may be
determined by computer algorithm for sequence
alignment, by methods well described in the art. For
example, computer algorithm analysis of nucleic acid
or amino acid sequence homology may include the
utilization of any number of software packages
available, such as, for example, the BLAST, DOMAIN,
BEAUTY (BLAST Enhanced Alignment Utility), GENPEPT and
TREMBL packages. [0046] An additional means of
determining homology for nucleic acids is via
determination of candidate sequence hybridization,
methods of which are well described in the art (See,
for example, "Nucleic Acid Hybridization" Hames, B.
D., and Higgins S. J., Eds. (1985); Sambrook et al.,
1989, Molecular Cloning, A Laboratory Manual, (Volumes
1-3) Cold Spring Harbor Press, N.Y.; and Ausubel et
al., 1989, Current Protocols in Molecular Biology,
Green Publishing Associates and Wiley Interscience,
N.Y). For example methods of hybridization may be
carried out under moderate to stringent conditions, to
the complement of a DNA encoding a native caspase
peptide. Hybridization conditions being, for example,
overnight incubation at 42 0C in a solution
comprising: 10-20 % formamide, 5 X SSC (150 mM NaCl,
15 mM trisodium citrate), 50 mM sodium phosphate (pH
7. 6), 5 X Denhardt's solution, 10 % dextran sulfate,
and 20 mg/ml denatured, sheared salmon sperm DNA.
[0047] In another embodiment, this invention provides
an antibody specifically recognizing a polypeptide of
this invention. Production of such an antibody is well
known in the art, and may comprise methods as
described in, for example, Harlow and Lane,
Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory, New York, 1988. In one embodiment, such
antibodies may comprise functional fragments, which
are well known to those skilled in the art, and may be
prepared for example, by proteolytic hydrolysis of the
antibody or by expression in E. coli or mammalian
cells (e.g. Chinese hamster ovary cell culture or
other protein expression systems) of DNA encoding the
fragment. [0048] In another embodiment, this invention
provides compositions comprising the cells,
polypeptides, antibodies, nucleic acids, and vectors
of this invention. The effective dose and method of
administrationof a particular composition formulation
can vary based on the particular application. Dosage
may vary as a function of the type of vector, for
example, employed and the route of administration.
[0049] In another embodiment, this invention provides
cells comprising the nucleic acids, vectors, or
polypeptides of this invention. In one embodiment, the
cells are prokaryotic, or in another embodiment, the
cells are eukaryotic. Cells may be any cells capable
of expressing the isolated nucleic acids and/or
vectors of this invention, as will be known to one
skilled in the art. In one embodiment, cells may
overexpress the polypeptides of this invention.
[005O]In another embodiment, cells are responsive to
the polypeptides of this invention. In one embodiment,
the cells are pancreatic b cells, or a pancreatic b
cell, or a cell that may differentiate into a
pancreatic b cell. In one embodiment, the cells, upon
exposure to TMEM27, which, in one embodiment, is the
full-length protein, or in another embodiment, is the
cleaved secreted form, proliferate, or, in another
embodiment, secrete insulin, or in another embodiment,
do both. In one embodiment, the cells are terminally
differentiated, or, in another embodiment,
non-dividing. In another embodiment, the cells are
dividing. [005I] In one embodiment, this invention
provides nucleic acids, vectors, polypeptides, cells,
and compositions comprising the same, which may, in
another embodiment, be formulated for oral or, in
another embodiment, local administration, such as by
aerosol, intramuscularly or transdermally, or via
parenteral application. Compositions can be
administered in a variety of unit dosage forms
depending upon the method of administration. Suitable
unit dosage forms, include, but are not limited to
powders, tablets, pills, capsules, lozenges,
suppositories, etc. Transdermal administration may be
accomplished by application of a cream, rinse, gel,
etc. capable of allowing the active compounds to
penetrate the skin. Parenteral routes of
administration may include, but are not limited to,
electrical or direct injection such as direct
injection into a central venous line, intravenous,
intramuscular, intraperitoneal, intradermal, or
subcutaneous injection. [0052] TMEM27 expression was
demonstrated herein in b-cells of the islet in newborn
and adult pancreas (Figure 2), and an N-terminal
cleavage product of the TMEM27 protein was found to be
secreted (Figure 4). b-cell lines proliferated in
response to TMEM27 (Figure 6), and transgenic mice
overexpressing the protein showed increased b-cell
mass as a result of expression of the transgene
(Figure 7). [0053] In one embodiment, this invention
provides a method of increasing pancreatic b-cell
mass, where the method comprises contacting a cell
with a TMEM27 polypeptide. According to this aspect of
the invention, and in one embodiment, the cell is a
pancreatic b-cell or said cell may be induced to
become a pancreatic b-cell and providing conditions
favorable for b-cell proliferation.[0054] In one
embodiment, the term "contacting a cell" refers to any
exposure of a cell to a peptide, nucleic acid, or
composition of this invention. Cells may be in direct
contact with compounds and compositions of the
invention, or exposed indirectly, through methods well
described in the art. For example, cells grown in
media in vitro, wherein the media is supplemented with
polypeptides, nucleic acids, vectors or compositions
of this invention would be an example of a method of
contacting a cell, and considered a part of this
invention. In another embodiment, contacting a cell
may include any route of administration to a subject,
for example, oral or parenteral administration of a
peptide, nucleic acid, vector or composition of this
invention to a subject, wherein administration results
in in vivo cellular exposure to these materials,
within specific sites within a body. 



[0055] In one embodiment, the cells being contacted
are primary cultures. In one embodiment, "primary
culture" denotes a mixed cell population that permits
interaction of many different cell types isolated from
a tissue. For example, a primary culture of pancreatic
duct cells may allow the interaction between
mesenchymal and epithelial cells. [0056] In another
embodiment, a primary culture may be a purified cell
population isolated from a tissue. In one embodiment,
the primary culture may be enriched for a particular
population. In one embodiment, enrichment may comprise
cell sorting via means well known in the art, such as,
for example fluorescent activated cell sorting (FACS),
for cell populations, for example, expressing a
particular cell surface marker, or in another
embodiment, lacking cell surface expression of a
particular marker. In another embodiment,
manetoseparation methods may be used, or in another
embodiment, density centrifugation methods, such as,
for example, ficoll-hypaque or sucrose gradient
separation. [0057] In one embodiment, the cells
contacted according to the methods of this invention
are stem or progenitor cells. The term "progenitor
cell" is used synonymously with "stem cell", and
refers, in some embodiments, to an undifferentiated
cell which is capable of proliferation and giving rise
to more progenitor cells having the ability to
generate a large number of mother cells that can, in
turn, give rise to differentiated, or differentiable
daughter cells. In one embodiment, the term progenitor
or stem cell refers to a generalized mother cell whose
descendants (progeny) specialize, often in different
directions, by differentiation, e.g., by acquiring
completely individual characters, as occurs in
progressive diversification of embryonic cells and
tissues. Cellular differentiation is a complex process
typically occurring through many cell divisions. A
differentiated cell may derive from a multipotent cell
which itself is derived from a multipotent cell, and
so on. It is to be understood that any such cells may
be used for the methods of this invention, or comprise
the cells of this invention. Such capacity may be
natural or may be induced artificially upon treatment
with various factors, either scenario is to be
considered as an embodiment of the cells which may be
used according to the methods of this invention, or
comprising a cell of this invention.[0058] In one
embodiment, cells of this invention and in use for the
methods of this invention derive from the pancreas, or
differentiate to a pancreatic cell. In one embodiment,
the term "pancreas" refers generally to a large,
elongated, racemose gland situated transversely behind
the stomach, between the spleen and duodenum. In one
embodiment, the cells of this invention may comprise
tissue slices, or whole tissue, which comprise the
polypeptides, nucleic acids, vectors or compositions,
as described herein. In another embodiment, the
methods of this invention include organ cultures, or,
in another embodiment, tissue slices, or tissue
fragments, comprising cell populations of interest. In
one embodiment, islets of Langerhans are used as the
cells and for the methods of this invention. In one
embodiment, the cell is a b cell, and may constitute
60-80% of the islet cells, and/or may be used in the
methods of this invention. [0059] In one embodiment,
the cell is a pancreatic progenitor cell. In one
embodiment, the phrase "pancreatic progenitor cell"
refers to a cell which can differentiate into a cell
of pancreatic lineage, e.g. a cell which can produce a
hormone or enzyme normally produced by a pancreatic
cell. For instance, a pancreatic progenitor cell may
be caused to differentiate, at least partially, into
a, b, g, or d islet cell, or a cell of exocrine fate.
The pancreatic of progenitor cells of the invention
can also be cultured prior to administration to a
subject under conditions which promote cell
proliferation and differentiation. These conditions
include culturing the cells to allow proliferation and
confluence in vitro at which time the cells can be
made to form pseudo islet-like aggregates or clusters
and secrete insulin, glucagon, and/or somatostatin.
[0060] In one embodiment, the cells of this invention
and for use in the methods of this invention, may be a
substantially pure population. In one embodiment, the
term "substantially pure", refers to a population of
cells that is at least about 65%, or, in another
embodiment, at least about 70%, or, in another
embodiment, at least about 75%, or, in another
embodiment, at least about 85%, or, in another
embodiment, at least about 90%, or, in another
embodiment, at least about 95% pure, with respect to
the total cell population. [0061] Various techniques
may be employed to obtain suspensions of cells (both
differentiated and undifferentiated) from tissues, to
comprise the cells of this invention and/or for use in
the methods of this invention. In some embodiments,
isolation procedures are ones that result in as little
cell death as possible. For example, the cells can be
removed from an explant sample by mechanical means,
e.g., mechanically sheared off with a pipette. In
other instances, it will be possible to dissociate the
progenitor cells from the entire explant, or
sub-portion thereof, e.g., by enzymatic digestion of
the explant, followed by isolation of the activated
progenitor cell population based on specific cellular
markers, e.g., using affinity separation techniques or
fluorescence activated cell sorting (FACS). Cells may
be obtained from liquid samples, such as blood, by
centrifugation.[0062] In general, the tissue is
prepared using any suitable method, such as by gently
teasing apart the excised tissue or by digestion of
excised tissue with collagenase (for example,
collagenase A), via, to illustrate, perfusion through
a duct or simple incubation of, for example, teased
tissue in a collagenasecontaining buffer of suitable
pH and tonic strength. The prepared tissue may then,
optionally, be concentrated using suitable methods and
materials, such as centrifugation through Ficol
gradients for concentration (and partial
purification). The concentrated tissue then is
resuspended into any suitable vessel, such as tissue
culture glassware or plasticware. In certain
embodiments, the sample pancreatic tissue is allowed
to form a confluent monolayer culture, from which NACs
are formed. In other preferred embodiments, the cell
suspension is placed in a non-adherent culture
container and spheres of progenitor cells are formed.
[0063] In one embodiment, tissue from which the cells
are derived may be adult or fetal tissue or tissue 



from any developmental stage. Moreover, the method can
be practiced with relatively small amounts of starting
material. Accordingly, small samples of tissue from a
donor can be obtained without sacrificing or seriously
injuring the donor. The progenitor cells of the
present invention can be amplified, and subsequently
isolated from a tissue sample. [0064] In certain
embodiments, the culture may be contacted with a
growth factor or a composition comprising a growth
factor, e.g., a mitogenic growth factor, e.g., the
growth factor is selected from a group consisting of
IGF-I, IGF-II, LIF, TGFa, TGFb, bFGF, aFGF, HGF or
hedgehog. In other embodiments, the growth factor is a
member of the TGFb superfamily. In some embodiments,
the methods of this invention comprise administering a
composition to the subject, as described, wherein the
composition may comprise a cell, polypeptide, nucleic
acid and/or vector of this invention, further
comprising any additive as herein described,
including, for example, a diabetes treatment, a growth
factor, a cAMP elevating agent, etc. [0065] In some
embodiments, the cells, or cells in culture are
contacted with, or composition comprises, a cAMP
elevating agents, such as
8-(4-chlorophenylthio)-adenosine-3':5'-cyclic-monophos
phate (CPTcAMP) (see, for example, Koike Prog.
Neuro-Psychopharmacol. and Biol. Psychiat. 16 95-106
(1992)), CPT-cAMP, forskolin, Na-Butyrate, isobutyl
methylxanthine (IBMX) and cholera toxin (see Martin et
al. J. Neurobiol. 23 1205-1220 (1992)) and
8-bromo-cAMP, dibutyryl-cAMP and dioctanoyl-cAMP
(e.g., see Rydel et al. PNAS 85:1257 (1988)). [0066]
In some embodiments, the cells, or cells in culture
are contacted with, or composition comprises, a
steroid or corticosteroid such as, for example,
hydrocortisone, deoxyhydrocortisone, fludrocortisone,
prednisolone, methylprednisolone, prednisone,
triamcinolone, dexamethasone, betamethasone and
paramethasone. See, generally, The Merck Manual of
Diagnosis and Therapy, 15th Ed., pp. 1239-1267 and
2497-2506, Berkow et al., eds., Rahway NJ.,
1987).[0067] There are a large number of tissue
culture media that exist for culturing tissue from
animals, including humans. In some embodiments,
culture medium may be a simple medium, such as
Dulbecco's Minimal Essential Media (DMEM). In another
embodiment, cells, tissues, etc., are cultured in
Isocove's modified MEM cell culture medium with 5%
FBS. In another embodiment, cells, tissue, etc., are
maintained in the absence of sera for extended periods
of time. In some embodiments of the invention, the
growth factors or other mitogenic agents are not
included in the primary media for maintenance of the
cultures in vitro, but are used subsequently to cause
proliferation of distinct populations of cells, such
as, for example, progenitor cells. [0068] In another
embodiment, stem cells are enriched because of their
ability to grow in the absence of adherence, either
direct or indirect, to a culture surface. In some
embodiments, stem cells are free floating in
suspension and are not in fixed or semi-fixed contact
with a surface of the culture vessel or with other
cells or materials that are in contact. [0069] In one
embodiment, the cells of this invention are for use
in, and methods of this invention provide a source of
implantable cells, either in the form of the
progenitor cell population of the differentiated
progeny thereof, or in another embodiment, the subject
cells can be used to produce cultures of pancreatic
cells for production and purification of secreted
factors, such as the secreted form, for example, of
TMEM27. In another embodiment, cultured cells can be
provided as a source of insulin. [0070] In another
embodiment, this invention provides a method of
increasing pancreatic b-cell mass, the method
comprising contacting a cell with a nucleic acid
encoding a TMEM27 polypeptide, wherein said cell is a
pancreatic b-cell or said cell may be induced to
become a pancreatic b-cell and providing conditions
favorable for expression of said nucleic acid.
[007I]In one embodiment, increased b-cell mass occurs
via increased proliferation of b-cells. In one
embodiment, increased b-cell mass results from
enhanced differentiation of precursor cells to a
b-cell lineage. In one embodiment, increased b-cell
mass refers to diminished cell turnover or death. In
another embodiment, increased b-cell mass refers to
any combination of the aforementioned embodiments.
[0072] Cell proliferation may be determined via any
number of methods well known in the art, and as
exemplified herein, for example via measuring uptake
of a labeled substrate, such as tritiated thymidine,
as will be known to one skilled in the art. [0073] In
another embodiment, this invention provides a method
of altering metabolism in a subject, the method
comprising contacting a cell with a TMEM27 polypeptide
or a nucleic acid encoding said TMEM27 polypeptide,
wherein said cell is a pancreatic b-cell or said cell
may be induced to become a pancreatic b-cell. [0074]
In one embodiment, altering metabolism refers to
increasing metabolism, while in another embodiment, it
referes to decreasing metabolism. In one embodiment,
glucose metabolism is altered. Inone embodiment, the
cell is contacted in vitro or ex vivo. In another
embodiment, the cell is contacted in vivo. In another
embodiment, the cell is a stem or progenitor cell. In
another embodiment, the cell is isolated from a
subject suffering from or predisposed to diabetes.
[0075] In one embodiment, the method comprises the
step of administering the contacted cell to the
subject, such as, for example, ex-vivo cellular
therapy. In one embodiment, cells administered to a
subject will be autologous or, in another embodiment,
allogeneic with respect to the subject. [0076] In one
embodiment, the cells are contacted with a TMEM27
polypeptide which comprises a fulllength protein, or a
fragment thereof. In one embodiment, the fragment
comprises a secreted form of a TMEM27 protein. In
another embodiment, the secreted form is about 25 kDa
in size, and comprises amino acids 1-142 of the TMEM27
protein, or a fragment thereof, or a sequence
homologous thereto. [0077] In one embodiment, the
cells may also be contacted with a protease inhibitor.
In one embodiment, a 



protease inhibitor is a molecule which represses,
prevents, diminishes, delays, or in any way alters
protease activity or expression or both. [0078] In one
embodiment, the protease inhibitor is a serine
protease inhibitor (serpin), a metallo protease
inhibitor, a cysteine protease inhibitor, a thio
protease inhibitor, a trypsin inhibitor, a threonine
protease inhibitor, an aspartic protease inhibitor, or
a combination thereof. [0079] In one embodiment, the
protease inhibitor is (HONH-COCH2CH2CO-FA-NH2),
(OA-Hy; cis-9- Octadecenoyl-N-hydroxylamide;
Oleoyl-N-hydrocylamide),
{N-[[(4,5-Dihydro-5-thioxo-l,3,4-thiadiazol-
2-yl)amino]carbonyl]-L-phenylalanine Methyl Ester},
{a-[[[4,5-Dihydro-5-thioxo-l,3,4-thiadiazol-2-
yl)amino]carbonyl]amino]-
((2-pyridyl)piperazinyl)-(S)- benzenepropanamide},
{(2R)-2-[(4-
Biphenylylsulfonyl)amino]-3-phenylpropionic Acid} ,
{(2R)-[(4-Biphenylylsulfonyl)amino]-N-hydroxy-3-
phenylpropionamide}, H-Cysl-Thr-Thr-His-T f
-Gly-Phe-Thr-Leu-Cysl0-OH, (SB-3CT), (Ac-RCGVPDNH2;
Stromelysin-1 Inhibitor),
[N-Isobutyl-N-(4-methoxyphenylsulfonyl)-glycylhydroxam
ic Acid; NNGH]
{N-[[4,5-Dihydro-5-thioxo-l,3,4-thiadiazol-2-yl)amino]
carbonyl]-L-phenylalanine}, {a-[[[4,5-
Dihydro-5-thioxo-l,3,4-thiadiazol-2-yl)amino]carbonyl]
amino]-N-(cyclohexylmethyl)-(S)- benzenepropanamide},
4-Dibenzofuran-2-yl-4-hydroximino-butyric Acid),
[4-(4-Biphenyl)-4- hydroxyimino-butyric-Acid],
{(3R)-(+)-[2-(4-Methoxybenzenesulfonyl)-l,2,3,4-tetrah
ydroisoquinoline-3- hydroxamate]},
{(3S)-(-)-[2-(4-Methoxybenzenesulfonyl)-l,2,3,4-tetrah
ydroisoquinoline-3- hydroxamate] },
[N-Hydroxy-1-(4-methoxyphenyl)sulfonyl-4-(4-biphenylca
rbonyl)piperazine-2- carboxamide] , [N-Hydroxy-
1-(4-methoxyphenyl)sulfonyl-4-benzyloxycarbonylpiperaz
ine-2- carboxamide], (1,10-Phenanthroline
Monohydrate), Marimastat, Prinomastat, Tanomastat,
Neovastat, Zoledronic acid, or a combination thereof.
[008O]In one embodiment, the inhibitor is Alpha
1-antitrypsin, Alpha 1-antichymotrypsin, Alpha 2-
antiplasmin (which in one embodiment, is an inhibitor
of fibrinolysis), AntithiOinbin (which in
oneembodiment, is an inhibitor of coagulation,
specifically factor X, factor EX and thrombin),
Complement 1- inhibitor, Neuroserpin (which in one
embodiment, is mutated in some familial forms of
dementia), Plasminogen activator inhibitor- 1 and 2
(which in one embodiment, is an inhibitor of
fibrinolysis), Protein Z-related protease inhibitor
(ZPI, which in one embodiment, inactivates factor Xa
and factor XIa), or a combination thereof. [008I]In
another embodiment, the protease inhibitor is
Leupeptin, 4-(2-aminoethyl)benzenesulfonyl fluoride
hydrochloride (AEBSF), Aprotinin, Chymostatin,
Antithrombin IH, 3,4-Dichloroisocoumarin, Ll-
chloro-3-[4-tosyl-amidoJ-7-amino-2-heptanone-HCl
(TLCK), TPCK, diisopropyl phosphorofluoridate (DIFP),
Antipain, 4-amidinophenylmethanesulfonyl-fluoride-HCl
(APMSF), phenylmethanesulfonyl fluoride (PMSF),
3,4-dichloroisocoumarin (DCI), a-toluenesulfonyl
fluoride, BB94, a2-Macroglobulin, or a combination
thereof. [0082] In one embodiment, the protease
inhibitor is EDTA, vanadium, molybdate salts, 1,10-
Phenanthroline, Phosphoramidon, amastatin, Bestatin,
actinonin, diprotin, BB94, a2-Macroglobulin, or a
combination thereof. [0083] In one embodiment, the
protease inhibitor is N-Ethylmaleimide, Leupeptin,
L-transepoxy-succinylleucyl-
amido-(4-guanidino)-butane (E-64), Chymostatin,
Antipain, a2-Macroglobulin, PMSF, PEFABLOC, or a
combination thereof. [0084] In one embodiment, the
protease inhibitor is Pepstatin A, a2-Macroglobulin,
or a combination thereof. In another embodiment, the
protease inhibitor is BB94 or batimastat, which in one
embodiment is a serine or metallo protease inhibitor.
In one embodiment, the protease inhibitor is
reversible, while in another embodiment, the protease
inhibitor is irreversible. [0085] In another
embodiment, the cells may also be contacted with an
inhibitor of PKC, which in one embodiment is Safingol
(L-threo-dihydrosphingosine), Ro-I, Ro32-0432
(Bisindolylmaleimide tertiary amine), UCN-01
(7-OH-staurosporine), Flavopiridol (L86-8275),
Bryostatin 1 (Macrocyclic lactone),
Bisindolylmaleimide I, InSolution(tm)
Bisindolylmaleimide I, Bisindolylmaleimide I,
Hydrochloride, Bisindolylmaleimide p,
Bisindolylmaleimide III, Hydrochloride,
Bisindolylmaleimide Inhibitor Set, Bisindolylmaleimide
IV, Bisindolylmaleimide V, Calphostin C, Cladosporium
cladosporioides, Cardiotoxin, Naja nigricollis,
Chelerythrine Chloride, Dequalinium Chloride, Ellagic
Acid, Dihydrate, G6976, InSolution(tm) G6976, G6983,
G7874, Hydrochloride, H-7, Dihydrochloride, Iso-H-7,
Dihydrochloride, HBDDE, Hispidin, Hypericin, K-252a,
Nocardiopsis sp., InSolution(tm) K-252a, Nocardiopsis
sp., K-252b, Nocardiopsis sp., K-252c, Melittin,
NGIC-I, Phloretin, Piceatannol, PKCbn/EGFR Inhibitor,
Staurosporine, N-Benzoyl PKQ Inhibitor, Polymyxin B
Sulfate, Protein Kinase C Inhibitor 20-28,
Cell-Permeable, Myristoylated, Protein Kinase C
Inhibitor Peptide 19-31, Protein Kinase C Inhibitor
Peptide 19-36, Protein Kinase C Inhibitor Set, Protein
Kinase C Inhibitor, EGF-RFragment 651-658,
Myristoylated, Protein Kinase Ce Translocation
Inhibitor Peptide, Protein Kinase Ce Translocation
Inhibitor Peptide, Negative Control, Protein Kinase Cz
Pseudosubstrate Inhibitor, Protein Kinase C
Pseudosubstrate Inhibitor, Myristoylated, Protein
Kinase Ch Pseudosubstrate Inhibitor, Myristoylated,
Protein Kinase Cq Pseudosubstrate Inhibitor, Protein
Kinase Cq Pseudosubstrate Inhibitor, Myristoylated,
Pseudohypericin, Ro 31-7549, Immobilized, Ro-3 1-7549,
Ro-3 1-8220, InSolution(tm) Ro- 31-8220, Ro-31-8425,
Ro-32-0432, Rottlerin, Safingol, Sangivamycin,
Scytonemin, Lyngbya sp., Serine/Threonine Kinase
Inhibitor Set, D-eryz ro-Sphingosine, Dihydro-, D- r)
/ ro-Sphingosine, Free Base, Bovine Brain, Free Base,
High Purity, D-ery ro-Sphingosine, N,NDimethyl-,
Staurosporine, Streptomyces sp., Tamoxifen Citrate,
Tamoxifen, 4-Hydroxy-, (Z)-, TER14687, Vitamin E
Succinate, or antisense nucleotides capable of
inhibiting the expression of the protein kinase C.
[0086] In one embodiment, the protease comprise
trypsin, chymotrypsin and elastase. In one embodiment,



cysteine proteases comprise papain, calpain and
lysosomal cathepsins. In one embodiment, aspartic
proteases include pepsin and rennin. In one
embodiment, Metallo-proteases include thermolysin and
carboxypeptidase A. [0087] In one embodiment, the
compositions and/or methods of this invention may
comprise use of any combination of inhibitors as
herein described. [0088] In another embodiment, the
cells may also be contacted with a Tcfl protein or a
nucleic acid encoding said Tcfl protein. [0089] In one
embodiment, the Tcfl protein may have an amino acid
sequence, which is homologous to, or as set forth in
NCBI's Genbank, Accession Number: CAI59557, P15257,
P22361, P20823, NPJB3353, NP_036801, NP_739570
orNP_000536. [0090] In another embodiment, this
invention provides a method of increasing pancreatic
b-cell mass, the method comprising contacting a
pancreatic b-cell or a cell which may be induced to
become a pancreatic b-cell with a serine or metallo
protease inhibitor, wherein said cell expresses or may
be induced to express TMEM27 and providing conditions
favorable for b-cell proliferation. [009I]In another
embodiment, this invention provides a method of
altering metabolism in a subject, the method
comprising contacting a pancreatic b-cell or a cell
which may be induced to become a pancreatic b-cell
with a serine or metallo protease inhibitor, wherein
said cell expresses or may be induced to express
TMEM27. [0092] In another embodiment, this invention
provides a method of inhibiting, suppressing or
treating diabetes in a subject, the method comprising
contacting a cell with a TMEM27 polypeptide or a
nucleic acid encoding said TMEM27 polypeptide, wherein
said cell is a pancreatic b-cell or said cell may be
induced to become a pancreatic b-cell.[0093] In
another embodiment, this invention provides a method
of inhibiting, suppressing or treating diabetes in a
subject, the method comprising contacting a pancreatic
b-cell or a cell which may be induced to become a
pancreatic b-cell with a protease inhibitor with a
serine or metallo protease inhibitor, wherein said
cell expresses or may be induced to express TMEM27.
[0094] In one embodiment, "treating" refers to both
therapeutic treatment and prophylactic or preventative
measures, wherein the object is to prevent or lessen
the targeted pathologic condition or disorder as
described hereinabove. Thus, in one embodiment,
treating may include suppressing, inhibiting,
preventing, treating, or a combination thereof. Thus,
in one embodiment, "treating" refers inter alia to
increasing time to sustained progression, expediting
remission, inducing remission, augmenting remission,
speeding recovery, increasing efficacy of or
decreasing resistance to alternative therapeutics, or
a combination thereof. In one embodiment,
"suppressing" or "inhibiting", refers inter alia to
delaying the onset of symptoms, preventing relapse to
a disease, decreasing the number or frequency of
relapse episodes, increasing latency between
symptomatic episodes, reducing the severity of
symptoms, reducing the severity of an acute episode,
reducing the number of symptoms, reducing the
incidence of disease-related symptoms, reducing the
latency of symptoms, ameliorating symptoms, reducing
secondary symptoms, reducing secondary infections,
prolonging patient survival, or a combination thereof.
[0095] In one embodiment, symptoms are primary, while
in another embodiment, symptoms are secondary. In one
embodiment, "primary" refers to a symptom that is a
direct result of diabetes, while in one embodiment,
"secondary" refers to a symptom that is derived from
or consequent to a primary cause. In one embodiment,
the compounds for use in the present invention treat
primary or secondary symptoms or secondary
complications related to diabetes. [0096] In another
embodiment, "symptoms" may be any manifestation of a
disease or pathological condition, which in one
embodiment is diabetes, comprising Frequent urination,
Excessive thirst, Extreme hunger, Unusual weight loss,
Increased fatigue, Irritability, Blurry vision, low
insulin levels, high blood or urinary glucose levels
or a combination thereof. [0097] In one embodiment,
the term "diabetes" refers to a disease of a mammalian
subject, with primary, or in another embodiment,
secondary diabetes, or in another embodiment, type 1
NIDDM-transient, or in another embodiment, type 1
IDDM, or in another embodiment, type 2 IDDM-transient,
or in another embodiment, type 2 NIDDM, or in another
embodiment, type 2 MODY, which may manifest, as
described, in Harrison's Internal Medicine, 14th ed.
1998. [0098] According to this aspect of the
invention, and in one embodiment, the subject is
insulin resistant or, in another embodiment,
hypoinsulinemic. In another embodiment, the subject is
predisposed to diabetes. In another embodiment, the
subject has maturity onset diabetes of the young
(MODY).[0099] In another embodiment, the methods of
this invention may further comprise the step of
administering to the subject an additional diabetes
medication, as part of a combination therapy. In one
embodiment, the diabetes medication may comprise a
sulfonylurea, leptin, meglitinide, biguanide,
thiazolidinedione, alpha-glucosidase inhibitor, or a
combination thereof. [00100] In another embodiment,
the methods of this invention may further comprise
administering to the subject, or in another
embodiment, contacting cells in the subject, with a
GLP-I receptor agonist. In one embodiment, the GLP-I
agonist may include naturally occurring peptides such
as GLP-I, exendin-3, and exendin-4 (see, e.g., U.S.
Pat. No. 5,424,286; U.S. Pat. No. 5,705,483, U.S. Pat.
No. 5,977,071; U.S. Pat. No. 5,670,360; U.S. Pat. No.
5,614,492), GLP-I analogs or variants (see, for
example, U.S. Pat. No. 5,545,618 and U.S. Pat. No.
5,981,488), and small molecule analogs. GLP-I receptor
agonists may be tested for activity as described in
U.S. Pat. No. 5,981,488. [00101] In another
embodiment, the methods of this invention may further
comprise administering PDX- 1, or PYY, or a nucleic
acid encoding the same. 



[00102] It is to be understood that any embodiments
described herein, with regards to a cell, composition,
polypeptide, nucleic acid or vector of this invention,
may be used in a method of this invention, and is to
be considered an embodiment of this invention. [00103]
In one embodiment, this invention provides a method of
assessing pancreatic islet mass in a subject, the
method comprising the step of determining a
concentration of TMEM27 in the serum of said subject
and comparing said concentration versus that of a
control. [00104] In another embodiment, this invention
provides a diagnostic tool and/or method for assessing
hyperinsulinemia, hypoinsulinemia, diabetes or
response to therapies for the treatment of the
aforementioned conditions. In one embodiment, TMEM27
serves as a biomarker, whose concentration in a given
body fluid, such as, for example, in serum, plasma or
urine is a function of hyperinsulinemia,
hypoinsulinemia or frank diabetes. In one embodiment,
the secreted form of TMEM27 is a biomarker. According
to this aspect of the invention, and in one
embodiment, a method of diagnosis may be to determine
levels of the TMEM27 protein, or fragments, secreted
forms thereof, via standard assays, such as, for
example, an ELISA assay. In one embodiment, disease
severity is diagnosed as a function of the expression
of the polypeptide. In another embodiment, changes in
expression of the polypeptide, either at the protein
or RNA level, may be a function of, in another
embodiment, response to treatment, such as the
treatment methods provided herein. In another
embodiment, relative changes in expression may be
assessed as a function of delivery of a nucleic acid
or vector of this invention, which may represent a
therapy of this invention. In one embodiment, the
methods of this invention may employ the use of an
antibody or antibody fragment, or composition
comprising the same, of this invention. A kit
comprisingthe antibody, nucleic acids, vector, cell
and/or compositions of this invention are also
encompassed by this invention. [00105] In another
embodiment, this invention provides a method for
identifying proteins, which interact with a TMEM27
protein, or a secreted form thereof, the method
comprising the step of contacting a TMEM27 polypeptide
with a molecule of interest for a time and under
conditions sufficient to facilitate specific
interaction between said polypeptide and said molecule
of interest and identifying said molecule of interest.
[00106] In one embodiment, TMEM27 may function as a
hormone, and an interacting protein may comprise an
unidentified receptor which is responsive to the
hormone. In one embodiment, the interacting protein
may comprise a known receptor involved in a metabolic
pathway in a subject. [00107] In one embodiment, such
screening methods are well known in the art, and may
comprise direct or indirect assessment of interactions
between the two, such as, for example, analysis under
denaturing versus non-denaturing conditions for gel
electrophoresis, use of chemical crosslinking agents,
or other molecular means, such as, for example, use of
the yeast 2 hybrid system. [00108] It is to be
understood that any means of determination of
interacting partners with a TMEM27 protein of this
invention may be accomplished and considered as a part
of this invention, and is meant to include
identification of the interacting partner, as well as
a role for such a partner in the conditions described
herein, for example, positive metabolic effects, such
as their effect on enhancing pancreatic b- cell mass,
or in another embodiment, deleterious metabolic
effects, for example, such as the development of
hyperinsulinemia. [00109] The following are meant to
provide materials, methods, and examples for
illustrative purposes as a means of
practicing/executing the present invention, and are
not intended to be limiting. EXAMPLES Materials and
Methods Animals [00110] AU animal models were housed
in Laboratory of Animal Research Center (LARC), a
pathogenfree animal facility at the Rockefeller
University. The animals were maintained on a 12 hours
light/dark cycle and fed a standard rodent chow.
Genotyping of mutant mice was performed on DNA
isolated from 3 weeks old mice by PCR. Antibodies
[00111] Two peptides: anti-Col-3: VQSAIRKNRNRINSAFFLD
(SEQ ID NO: 1) and anti-Col-4: GIPCDPLDMKGGHINDGFLT
(SEQ ID NO: 2) were synthesized and processed to >90%
purity,conjugated to KLH and used for immunization of
rabbits (Bethyl Laboratories, Texas). Antisera were
affinity purified and tested by western blotting and
immunohistochemistry. Affinity purified antisera were
used for all studies. Other antibodies used for
immunoblotting and immunohistochemistry were obtained
from the following sources: anti-insulin (Linco),
anti-glucagon (Linco), anti-V5 (Invitrogen), Rhodamine
red conjugated donkey anti-guinea pig (Jackson Labs),
Alexa 488 donkey anti-rabbit (Molecular Probes). Cell
culture [00112] MIN6 cells were cultured with DMEM
medium containing 25 mM glucose, 15% fetal bovine
serum, and 5.5 mM 2-mercaptoethanol. ESfS-I cells were
cultured with RPMI 1640 medium containing 25 mM
glucose and 5% fetal bovine serum and 10 mM Hepes
pH7.4. HepG2 cells were cultured with DMEM medium
containing 25 mM glucose and 10% fetal bovine serum.
Transient transfecons and luciferase assay [00113]
Fugene reagent (Roche) for HepG2 cells and
Lipofectamine 2000 (Invitrogen) for MIN6 cells were
used according to the manufacturer's directions in
transient transfections. 0.5 mg of luciferase reporter
construct, expression vector and CMV-LacZ were added
per 35 mm dish. Luciferase was normalized for
transfection efficiency by the corresponding
b-galactosidase activity [AlamJ., Cook, J.L.: Reporter
genes: Application to the study of mammalian gene
transcription. Anal. Biochem. 188:245- 



254, 1990]. [00114] For the luciferase construct, an
815 bp promoter region was cloned upstream of a
luciferase promoter and coexpressed with a Tcf 1
expression vector. The TMEM27 promoter sequence
(mouse) was as follows:
atgtcattgcacccaatgactttaacgctcagtccttggataccccacatgtga
gacggttgtaaccactgtaaggatttgagaaataatcagggagcctagc
tcacagtaagtagttcttagtcattgttaaatagttgcgctgaacaatgttgtc
actagcactgtgtagcaacttaactaaatgacaggttcttagcagttctagc
cccttttaaagggttagcattcatttcttcctagtggcaccaggacagagcact
gttcagggaaggtatcaccatcaccatcaccatcaccatcgtcatcacc
atcaccatcgtcatcacccaatgatcatcatctccagcgtgaggctttatatca
ttaatgttgagttttagacagtagccagatcttagagtttaacctagccatc
ctctagttgggaattgttaaccaaccaacagtctaggaagtcttgttcccttta
ctctccagaggtgaaaaaggagttatatttgtttcctaagtatggtagcctg
tctttgaatcagattggttagcctgaaagggcacaaagattatgccaaagaaaa
ctccatgctctccacgtttagcttaaccaaacaactacaggaggcagg
tgggaggcttctgattgtgtcagctcaggaaacattcttatgaggtagagtttg
aggaagaacccactaacctgcttctcaaatagattttcgtaaataactga
caggggatggttcgcttctatggacgtattaacccaactgatgggcgttaatta
ttaaaccttttagatggtggctcgctgattt (SEQ ID NO: 17).
[00115] In addition, the TMEM27 promoter was
selectively mutated for Tcfl sites, called the Ml and
M2 promoter sequences, respectively, as follows: [001
16] Sequence of TMEM27-M1 promoter (mouse):
atgtcattgcacccaatgactttaacgctcagtccttggataccccacatgtga
gacggttgtaaccactgtaaggatttgagaaataatcagggagcctagctcaca
gtaagtagttcttagtcattgttaaatagttgcgctgaacaatgttgtcactag
cactgtgtagcaacttaactaaatgacaggttcttagcagttctagc
cccttttaaagggttagcattcatttcttcctagtggcaccaggacagagcact
gttcagggaaggtatcaccatcaccatcaccatcaccatcgtcatcacc
atcaccatcgtcatcacccaatgatcatcatctccagcgtgaggctttatatca
ttaatgttgagttttagacagtagccagatcttagagtttaacctagccatc
ctctagttgggaattgttaaccaaccaacagtctaggaagtcttgttcccttta
ctctccagaggtgaaaaaggagttatatttgtttcctaagtatggtagcctg
tctttgaatcagattggttagcctgaaagggcacaaagattatgccaaagaaaa
ctccatgctctccacgtttagcttaaccaaacaactacaggaggcagg
tgggaggcttctgattgtgtcagctcaggaaacattcttatgaggtagagtttg
aggaagaacccactaacctgcttctcaaatagattttcgtaaataacact
gaggggatggttcgcttctatggacgtattaacccaactgatgggcgttaatta
ttaaaccttttagatggtggctcgctgattt (SEQ ID NO: 18) [001
17] Sequence of TMEM27-M2 promoter (mouse):
atgtcattgcacccaatgactttaacgctcagtccttggataccccacatgtga
gacggttgtaaccactgtaaggatttgagaaataatcagggagcctagc
tcacagtaagtagttcttagtcattgttaaatagttgcgctgaacaatgttgtc
actagcactgtgtagcaacttaactaaatgacaggttcttagcagttctagc
cccttttaaagggttagcattcatttcttcctagtggcaccaggacagagcact
gttcagggaaggtatcaccatcaccatcaccatcaccatcgtcatcacc
atcaccatcgtcatcacccaatgatcatcatctccagcgtgaggctttatatca
ttaatgttgagttttagacagtagccagatcttagagtttaacctagccatc
ctctagttgggaattgttaaccaaccaacagtctaggaagtcttgttcccttta
ctctccagaggtgaaaaaggagttatatttgtttcctaagtatggtagcctg
tctttgaatcagattggttagcctgaaagggcacaaagattatgccaaagaaaa
ctccatgctctccacgtttagcttaaccaaacaactacaggaggcagg
tgggaggcttctgattgtgtcagctcaggaaacattcttatgaggtagagtttg
aggaagaacccactaacctgcttctcaaatagattttcgtaaataactga
caggggatggttcgcttctatggacgtattaacccaactgatgggccaatatta
ttaaaccttttagatggtggctcgctgattt (SEQ ID NO: 19).
Crosslinking of proteins in cell Iy sates [00118] MIN6
cells, grown to 90 % confluency in 6 well plates, were
harvested and resuspended in reaction buffer and
reagent in 50 ml volume and incubated for 2 hrs at
40C. Reactions were stopped by adding 50 mM Tris pH
7.4 for 10 min on ice. Cells were then washed with PBS
and lysed in RIPA buffer in the presence of protease
inhibitors for 15 min at 4C. Cell lysates were
centrifuged for 5 min at 10,000 x g and the
supernatants were subjected to reducing and
non-reducing SDS-PAGE followed by immunoblotting.
Crosslinking reagents and buffers: BMH (Pierce) was
dissolved in DMSO and incubated in PBS, and DTBP
(Pierce) was dissolved in water and incubated in 0.2 M
triethanolamine pH 8.0. Inhibition and enzymatic
cleavage of N-glycosylation [00119] MIN6 cells that
express pV5-TMEM27 were incubated with indicated
concentrations of tunicamycin (Sigma) dissolved in
DMSO and with DMSO alone for 12 hours at 37 C. Cell
lysates were then subjected to SDS-PAGE and
immunoblotting with anti-V5 antibody. [00120] Intact
N-linked glycans were removed from secreted portion of
TMEM27 with the recombinant enzyme N-glycanase
(Prozyme, San Leandro, CA). Supernatants from MIN6
cells and pancreatic islets were denatured in 20 mM
sodium phosphate pH 7.5, 0.1 % SDS and 50 mM
b-mercaptoethanol byheating at 100C for 5 min. NP-40
was added to a final concentration of 0.75 % and
reaction was incubated with N-glycanase for 3 h at
37C. Electrophoretic mobility shift assay (EMSA) and
chromatin immunoprecipitation (ChIP) [00121] EMSA
analysis was performed with 10 mg of whole cell
extracts in binding buffer (20 mM Hepes pH 7.9, 10 %
glycerol, 150 mM NaCl, 1 mM DTT). Whole cell extracts
were incubated with 32Plabeled ds-stranded
oligonucleotide probes containing the wildtype or
mutant HNF-I binding sites in the TMEM27 promoter
(sequences: 5'-GGAGATTTTCGTAAATAACTGACA -3' (SEQ ID
NO: 3), 5'- GGGCGTTAATTATTAAACCTTTTA-S' (SEQ ID NO: 4)
and 5'- GGGCAGAGATTATTAAACCTTTTA-S ' (SEQ ID NO: 5),
respectively). Supershifts were carried out with an
anti-Tcfl antibody (Geneka Biotechnology Inc.,
Montreal, Canada). ChIP analysis was carried out using
isolated primary hepatocytes from C57/B6 mice or MIN6
cells, and the ChIP Assay kit (Upstate Cell Signaling
Solutions, Lake Placid, NY) according to the
manufacturer's protocol. Tcfl was precipitated with
anti-HNF-l a antibody, and DNA was amplified using
primers x and y (sequences: 5'-
ACAGGAGGCAGGTGGGAGGCTTCT -3' (SEQ ID NO: 6) and 5'-
CCCGGATTAGGGTATCGGAGAA -3') (SEQ ID NO: 7). Primers
for apoM were 5'- GGGCTCAGCTTTCCTCCTA-3' (SEQ ID NO:
8) and 5'-CTCCGCCTTAACTGTTCTCTGATG -3') (SEQ ID NO:
9). Whole Cell extractpreparation [00122] MIN6 cells
were grown to 90% confluency in 150 mm tissue culture
dishes. Cells were washed once in ice-cold PBS and
scraped into 3 ml PBS. Cells were centrifuged at 4,000
x g for 4 min and 



resuspended in 2 volumes of high-salt extraction
buffer (400 mM KCl, 20 mM Tris pH 7.5, 20 %glycerol, 2
mM DTT, Ix complete TM protease inhibitors (Boehringer
Mannheim), and 20 mg/mL Aprotinin). Cell lysis was
performed by freezing and thawing, and the cellular
debris was removed by centrifugation at 16,000 x g for
10 min at 4 C. Hormone measurements [00123] Insulin
and glucagon were extracted from pancreata with acid
ethanol (10% glacial acetic acid in absolute ethanol),
sonicated for 10 min, and centrifuged 2 times at 4C at
12,000xg for 10 min. Superaatants were collected and
stored at -2O0C for insulin determination by using an
sensitive insulin or glucagon RIA kit (Linco
Research). Pancreatic islet and RNA isolation[00124]
Pancreatic islets were isolated from 6 to 8 week-old
mice. We used collagenase digestion and differential
centrifugation through Ficoll gradients. Total RNA was
then extracted using TRIzol reagent (Gibco-BRL) and
following the manufacturer's instructions.
Contaminating genomic DNA was removed using lml of
RNase free DNase-I (Boehringer) per 5mg of RNA. Islet
morphometry [00125] The pancreata were fixed in
paraformaldehyde and stained for insulin and glucagon
as described above. Sections (7mm) through the entire
pancreas were taken, and every sixth section was used
for morphometric analysis. At least 288
non-overlapping images (pixel size 0.88mm) were
scanned using a confocal laser-scanning microscope
(Zeiss LSM 510, Germany). The parameters measured in
this study were analyzed using integrated morphometry
analysis tool in the Metamorph Software Package
(Universal Imaging Corporation, PA). The area covered
by cells stained by insulin or glucagon was integrated
using stained objects that are greater than 3 pixel in
size. RT-PCR [00126] Total RNA was extracted using
TRIZOL reagent (Invitrogen) and 10 mg of RNA was
treated with 5U of RNase-free DNase-I (Ambion). cDNA
was synthesized using Moloney leukemia virus reverse
transcriptase with dNTPs and random hexamer primers
(Invitrogen). The cDNAs provided templates for PCRs
using specific primers in the presence of [a-32P]dCTP
and Taq polymerase as previously described [Shih DQ,
Screenan S, Munoz KN, Philipson L, Pontoglio M, Yaniv
M, Polonsky KS, Stoffel M. (2001) Loss of HNF-I alpha
function in mice leads to abnormal expression of genes
involved in pancreatic islet development and
metabolism. Diabetes 50:2472-80]. lmmunoblottiiig and
Immunohistochemistry [00127] Cytosolic protein
extracts were separated by SDS-PAGE (4-15%) and
transferred onto a nitrocellulose membrane (Schleicher
& Schuell) by electroblotting. TMEM27 was detected
with anti- Col3 and anti-Col4 antisera (1:500).
Membranes were incubated with primary antibodies
overnight at 4C. Incubations containing the secondary
antibody were performed at RT for 1 hr. Non-reducing
SDSPAGE was performed by omitting DTT from sample
buffer. [00128] MIN6 cells were plated on coated
slides (Nalge Nunc Int.) and fixed with
4%paraformaldehyde at 4C for 20 min. Slides were
incubated in 0.01% saponin with 3% normal donkey serum
in PBS for 30 min at room temperature and anti-Col3
and anti-Col4 (1:20) were added overnight at 4C.
Secondary antibody was added for 30 min at RT.[00129]
Pancreata were fixed in 4 % paraformaldehyde at 4C for
4 hours and embedded in paraffin. Seven mm sections
were cut and after deparaffinization,
antigen-unmasking was performed by microwaving slides
in 0.01 M sodium citrate pH 6.0. Sections were
permeabilized in 0.1 % Triton-X-100 and incubated in 3
% normal donkey serum in PBS for 30 min. Staining was
completed as above. Electron microscopy studies
[00130] Min 6 cells were fixed in 4% paraformaldehyde
and 0.02% glutaraldehyde in 0.1M cacodylate buffer, pH
7.4 for 2 hours. The cells were washed with PBS and
embedded in 10% gelatin and refixed as above. Cell
pellets were cryo-protected using a 2.3M sucrose
solution in PBS, and samples were stored in liquid
nitrogen until use (Tokuyasu, K. T. 1973. J. Cell.
Biol. 57-551-565). Cryo-ultrathin sections were cut
using glass knives in a Reichert-Jung FC-4E
cryoultramicrotome. The sections were collected on
Formvar-carbon coated nickel grids, blocked with 1%
BSA-PBS and incubated with anti-col4 at a 1:10
dilution. Incubation was stopped by washing 2 times
with PBS, 15 min each. The sections were then
incubated with goat anti-rabbit IgG conjugated to 10
nm gold particles (Amersham Life Science, Arlington
Heights, IL). The grids were processed and stained
according to Griffiths et al. 1983. Methods Enzymol.
96:466-485). Thymidine incorporation studies [00131]
[3H]Thymidine incorporation in 5 x 104 cells/well in
24-well culture plates was assayed as follows. 48
hours after electroporation, cells were incubated in
growth arrest medium (0.5% FCS) for the next 24 hours
and then incubated for an additional 24 hours in
normal growth medium. For the last 4 h of the
incubation, 0.25 mCi/well [3H]methylthymidine (Perkin
Elmer) was added. After completion, cells were rinsed
twice in ice-cold PBS and incubated with 10%
trichloroacetic acid (TCA) on ice for 20 min. After
washing with 10% TCA, cells were solubilized in 0.2M
NaOH/1% SDS for 10 min at room temperature.
TCA-insoluble materials were neutralized with 0.2M
HCl, and radioactivity was determined by a liquid
scintillation counter. RNA interference [00132]
Synthetic siRNAs were synthesized by Dharmacon
Research (Lafayette, CO). siRNAs were designed for
mouse TMEM27 (NM 020626). PC1/3 (NM 013628) PC2
(NM_008792), furin (NM 011046 ) and carboxypeptidase E
(NM_0 13494) sequences. 3mg of each siRNA per 1 x 106
cells 



were electroporated into MIN6 cells. Statistical
analysis[00133] Results are given as mean  SD.
Statistical analyses were performed by using a
Student's t-test, and the null hypothesis was rejected
at the 0.05 level. EXAMPLE 1 Tcfl Regulates Expression
of a Novel Protein in Pancreatic b-cells [00134] In an
attempt to identify mitogenic factors in pancreatic
b-cells, gene expression in isolated pancreatic islets
of Tcfl ~ wildtype littermates was compared using
Affymetrix(tm) oligonucleotide expression arrays. This
analysis identified a gene encoding a
transmembrane-spanning protein (TMEM27) that showed a
16-fold decrease in expression levels of Tf ~ ~ mice
compared to controls. This result was confirmed by
RT-PCR in an independent group of animals (Figure Ia).
To study whether Tcfl is a direct activator of TMEM27
transcription, the TMEM27 promoter was analyzed and
two conserved high-affinity binding sites were
identified in its regulatory region (Figure Ib). The
upstream regulatory region in humans (SEQ ID NO: 10)
and in mice (SEQ ID NO: 11) comprised Tcf binding
sites, beginning at about -117 to about -102, and -62
to about -47 in humans (SEQ ID NO: 12 and SEQ ID NO:
13) and mice (SEQ ID NO: 14 and SEQ IDNO: 15),
respectively. [00135] An 815 bp promoter region (SEQ
ID NO: 17) was cloned upstream of a luciferase
promoter and coexpressed with a Tcfl expression
vector. Transient co-transfection of Tcfl and the
TMEM27 promoter led to a >5-fold activation of
luciferase activity (Figure Ic). When each Tcfl site
in the TMEM27 promoter was selectively mutated,
transcriptional activation was reduced 70-80% (Figure
Ic). Electrophoretic gel mobility shift assays (EMSA)
using double stranded 32P-labeled oligonucleotides
containing the Tcf binding sites and MIN6 cell
extracts detected DNA/protein complexes (Figure Id).
The specificity of protein binding to these sites was
determined by competition assay using unlabeled
oligonucleotides and by further shifting the DNA-Tcfl
complex using specific anti-Tcfl antiserum (Figure
Id). In order to determine whether Tcfl increases
expression of TMEM27 directly chromatin
immunoprecipitation (ChIP) was performed. Tcfl bound
to binding sites in the TMEM27 promoter of MIN6 cells,
but not in hepatocytes where TMEM27 was not expressed
(Figure Ie). These data confirm the functionality of
the Tcfl binding sites in vivo and demonstrated that
Tcfl was required for expression of TMEM27 in
pancreatic b-cells. EXAMPLE 2: TMEM27 Expression is
Regulated During Pancreas Development [00136]
Immunohistochemical analysis indicated the pattern of
expression of TMEM27 during mouse pancreatic
development. In newborn and adult pancreas, TMEM27
expression was restricted to b-cells of the islet.
During development of the pancreas, TMEM27 was
expressed at the earliest time whenhormone positive
(mainly glucagon-positive cells) are apparent. At
embryonic days E l 1.5 and E12.5, TMEM27 expression
was localized in cells that express glucagon and
insulin. During the peak period of endocrine cell
expansion, from embryonic day 13.5 to 18.5, TMEM27
mainly co-localized with glucagon until right before
birth at E18.5 when it was also detected in insulin
positive cells. In newborn and adult pancreas, TMEM27
was no longer detected in a-cells of the islets and
expression was confined to b-cells (Figure 2). EXAMPLE
3: TMEM27 is an N-linked Glycoprotein and Forms Dimers
In Vivo [00137] TMEM27 contains two predicted
N-glycosylation sites at amino acid residues 76 and
93. MIN6 cells were treated with tunicamycin, which
inhibits N-glycosylation. Cells were incubated in the
presence of increasing concentrations of tunicamycin,
and protein extracts were prepared and analyzed by
SDSPAGE and immunoblotting. Two bands with increased
electrophoretic mobility appeared upon treatment with
tunicamycin, whereas the high molecular weight protein
disappeared (Figure 3a). This result was confirmed
with an in vitro assay using N-glycanase, an enzyme
that releases intact N-linked glycans. Western blot
analysis of MIN6 cell extracts that were incubated
with this enzyme showed similar results to tunicamycin
treatment (Figure 3b). [00138] Chemical cross-linking
experiments testing whether TMEM27 protein exists as a
multimer were conducted. MIN6 cell extracts were
incubated in the presence of two different
cross-linking reagents; BMH (bismaleimidohexane), a
membrane-permeable, non-cleavable compound and DTBP
(dimethyl 3, 3'-dithiobispropionimidate), a membrane
permeable, cleavable compound prior to SDS-PAGE
analysis that was performed under reducing and
non-reducing conditions. Non-reducing western blots
revealed a band of exactly twice the molecular weight
than the TMEM protein in western blots under reducing
conditions. Cell extracts treated with BMH showed the
dimer protein in both reducing and non-reducing blots.
However, the protein dimers disappeared under reducing
conditions in the presence of DTBP (Figure 3b). The
results were similar in MIN6 cells that endogenously
express TMEM27 and in N2A cells that were transiently
transfected with TMEM27 expression vector (data not
shown). [00139] Taken together, these data indicated
that the TMEM27 protein is N-glycosylated, and exists
as a dimer. EXAMPLE 4: TMEM27 is Processed in and
Secreted from Pancreatic b-Cells [00140] TMEM27 was
predicted to be a transmembrane protein with an
N-terminal extracellular domain. Two antibodies
(a-Col-3 and a-Col-4) that recognize peptides from
extra- and intracellular domains of theprotein,
respectively, were generated. In Western blotting
experiments, a-Col-4 detected two bands in whole cell
lysates of MIN6 cells (Figure 4a). The higher
molecular weight band corresponded to the predicted
molecular weight of the glycosylated full-length
protein. The lower band ( 5 kD) was also 



specific since it could be detected by Western
blotting in cell lysates following transfection with a
vector (p-TMEM27.V5-His) expressing a C-terminal
V5-Tag fusion protein and an anti-V5 antibody (Figure
4b). [00141] In order to demonstrate whether the 25 kD
band represented a C-terminal part of a cleaved form
of TMEM27 and/or whether it was secreted, supernatants
from different cell lines (including neuronal N2A
cells, HepG2c ells, Hek293 and M-I cells that were
derived from collecting ducts of the kidney and which
exhibit endogenous expression of TMEM27) were probed
with the a-Col-3 antibody. Cells were cultured for 48
hours in serum free medium, and probed by Western
blotting using a-Col-3, with a band corresponding to a
"25kDa protein detected in the clonal b-cell lines
MIN6 and BSfSlE (Figure 4c, data not shown). This
putative cleaved and secreted protein could also be
detected in media incubated with isolated mouse
pancreatic islets (Figure 4d). Interestingly, in spite
of robust expression of full-length protein in
cell-lysates, it was not possible to detect this band
in Western blot analysis in the culture medium of
non-b-cell lines that were transiently transfected
with a TMEM27 expression vector (p- TMEM27). [00142]
In contrast, overexpression of TMEM27 in MTN6 and
INSlE cells led to increased amounts of secreted
protein in their respective culture media.
siRNA-mediated reduction in TMEM27 protein levels
correlated with decreased levels of the secreted form
of TMEM27 in MIN6 cell supernatants (Figure 4e).
Lastly, in order to irrefutably prove that N-terminal
portion of TMEM27 is cleaved and secreted from b-
cells, an expression vector (pHA-TMEM27) was generated
in which a nine amino acid HA-epitope tag was inserted
between amino acid residues 39 and 40 of the TMEM27
protein, and MTN6 cells transfected with this vector
secreted a protein with similar size in the
supernatants that could be detected with an anti- HA
antibody. This protein was not detected in control
cells or cells expressing the untagged protein (Figure
4f). Together, these data demonstrate that TMEM27 is a
pancreatic b-cell-specific, cleaved and secreted
transmembrane protein. EXAMPLE 5: TMEM27 is Localized
to Insulin Secretory Granules and the Plasma Membrane
[00143] Immunofluorescence studies using anti-Col-3
and -4 antibodies demonstrated TMEM27 localization in
pancreatic b-cells. MIN6 cells were grown on slides,
fixed, permeabilized and treated with primary
antibodies. Specific staining was detected on the
plasma membrane as well as in the perinuclear
compartment and in granules (Figure 5a). This result
is consistent with TMEM27 being localized in insulin
secretory granules and with its being transported to
the plasma membrane via these vesicles.Electron
microscopy studies using immuno-gold labeled
anti-Col-4 antibody demonstrated TMEM27 localization
within insulin secretory granules (Figure 5b).
Nanogold particles were associated with the plasma
membrane in proximity to vesicle /membrane fusion
events (Figure 5c), indicating TMEM27 is a plasma
membrane protein which co-localized with insulin
secreting granules. EXAMPLE 6: Increased Expression of
TMEM27 in ObIOb Islets and Enhanced B-CeIl Replication
In Vitro [00144] TMEM27 expression in hypertrophied
islets of ob/ob and aP2-Srebp-lc transgenic mice was
evaluated to determine relative expression, as
compared to controls. Pancreatic islets from 6-8 week
old mice were isolated and gene expression levels were
compared to their wildtype littermates. A 2.1- and
1.7-fold increase in TMEM27 levels of ob/ob and
aP2-Srebp-lc islets, respectively, was found in semi
quantitative RT-PCR assays, in comparison to control
values (Figures 6a and 6b). In addition, islets from
ob/ob and aP2-Srebp-lc mice exhibited a significant
increase in secretion of cleaved TMEM27 into the
medium compared to size-matched islet of wildtype
littermates (Figure 6c, data not shown). To determine
whether TMEM27 stimulates pancreatic b-cell
replication, the effect of TMEM27 expression on the
proliferation of MIN6 cells was assessed. Cells were
electroporated with either plasmid pTMEM27 or siRNAs
targeting TMEM27. Cell replication was assessed by
cell counting and measuring incorporation of
[3H]thymidine 48 h after electroporation (Figure
6d-g). MIN6 cells that were transfected with pTMEM27
exhibited "5-fold overexpression compared to pcDNA3
transfected cells and showed ~3-fold increase in
[3H]thymidine incorporation and increased cell density
48 hours after plating (Figure 6e, g). In contrast,
MIN6 cells that had reduced expression of protein
following siRNA treatment showed significantly lower
[3H]Thymidine incorporation and cell density (Figure
6d, f). Furthermore, no changes in apoptosis in cells
with increased or reduced expression of TMEM27 was
observed (data not shown), indicating expression does
not affect cell death. These results indicate that
TMEM27 regulates cell proliferation in MTN6 cells.
EXAMPLE 7: Trangenic Mice Expressing TMEM27 in
Pancreatic Islets Exhibit Islet Hypertrophy [00145]
Pancreatic b-cell-specific transgenic mice were
generated via pronuclear microinjection of a vector
construct in which the murine TMEM27 cDNA was under
the control of the rat insulin promoter. RT-PCR and
immunoblot analysis showed that TMEM27 expression was
"4-fold increased in transgenic mice compared to
wildtype littermates (Figure 7A). Islet mass was
studied in 8-12 week-old transgenic animals by
pancreatic islet morphometry. Transgenic mice
exhibited normal islet morphology (based on
immunohistochemistry using insulin/glucagon
costaining) but had an approximately 2-fold increase
inislet mass compared to wildtype littermates (Figures
7B and 7C). The increase in islet mass was further
validated by measuring the total insulin content of
transgenic and wildtype mice. The total insulin
content was also significantly increased in transgenic
mice overexpressing TMEM27 (Figure 7D). Fasting and
postprandial plasma glucose and insulin levels were
similar in transgenic and control mice, indicating
that pancreatic b-cells in transgenic mice had no
major abnormalities in glucose sensing (data not
shown). Together, these data demonstrate that TMEM27
regulates islet growth in vivo. 



EXAMPLE 8: BB94 inhibits shedding of TMEM27 [00146]
The pancreatic beta-cell line MEM6 was cultured with
DMEM medium containing 25 mM glucose, 15% fetal bovine
serum, and 5.5 mM 2-mercaptoethanol. MIN6 cells were
plated at 50% confluency in 12 well plates and
incubated for 24 hrs. Cells were washed with OPTI-MEM
(Invitrogen) and incubated with either DMSO or
protease inhibitor BB94 (1 mM) for 15 minutes in
OPTT-MEM at 370C. After the above incubation, cells
were incubated with DMSO, PMA (Sigma P8139), BB94, or
PMA + BB94 for 2 hrs in OPTI-MEM. 30 ml of each
supernatant was collected for SDS-PAGE. Immunoblots
were performed using anti-TMEM27 antibodies
recognizing the N-terminus (cleaved portion) of TMEM27
(Figure 8). Immunoblots using anti-V5 antibody, which
recognizes the C-terminal (intracellular) portion of
TMEM27, was used as a control, showing that PMA and
BB94 do not change the expression levels of TMEM27
(Figure 8). BB94, but not PMA, decreases expression
levels of the Nterminus of TMEM27 (Figure 8) without
changing the expression levels of the C-terminus of
TMEM27. Since BB94 is a known inhibitor of serine
proteases and metalloproteases, this may indicate that
TMEM27 is a substrate of a protease belonging to
serine protease or metalloprotease family. [00147]
While certain features of the invention have been
illustrated and described herein, many modifications,
substitutions, changes, and equivalents will now occur
to those of ordinary skill in the art. It is,
therefore, to be understood that the appended claims
are intended to cover all such modifications and
changes as fall within the true spirit of the
invention.CLAIMS What is claimed is: 1. An isolated
nucleic acid comprising a regulatory region of a gene
encoding a TMEM27 protein, wherein said regulatory
region comprises at least one high-affinity binding
site for a Tcf 1 protein. 2. The isolated nucleic acid
of claim 1, wherein said regulatory region has a
nucleic acid sequence corresponding to or homologous
to SEQ ID NO: 10 or 11. 3. The isolated nucleic acid
of claim 1, wherein said binding site comprises a
nucleic acid sequence corresponding to or homologous
to SEQ ID NO: 12, 13, 14, or 15. 4. A cell comprising
the nucleic acid of claim 1. 5. The cell of claim 4,
wherein said cell is a pancreatic b cell. 6. A vector
comprising the nucleic acid of claim 1. 7. An isolated
polypeptide, comprising a secreted form of a TMEM27
protein, wherein said polypeptide is about 25 kDa in
size, and comprises an N-terminal fragment of a
sequence corresponding to, or homologous to SEQ ID NO:
16. 8. A method of increasing pancreatic b-cell mass,
said method comprising contacting a pancreatic b-cell
or a cell which may be induced to become a pancreatic
b-cell with a TMEM27 polypeptide and providing
conditions favorable for b-cell proliferation. 9. The
method of claim 8, wherein said cell is contacted in
vitro or ex vivo. 10. The method of claim 8, wherein
said cell is contacted in vivo. 11. The method of
claim 8, wherein said cell is a stem or progenitor
cell. 12. The method of claim 8, wherein said cell is
isolated from a subject suffering from or predisposed
to diabetes. 13. The method of claim 12, further
comprising the step of administering said cell to said
subject. 14. The method of claim 13, wherein said cell
is autologous or allogeneic with respect to said
subject. 15. The method of claim 8, wherein said
TMEM27 polypeptide comprises a full-length protein, or
a fragment thereof. 16. The method of claim 8, further
comprising the step of contacting said cell with a
protease inhibitor. 17. The method of claim 16,
wherein said protease inhibitor is a serine protease
inhibitor or a metalloprotease inhibitor. 18. The
method of claim 17, wherein said protease inhibitor is
BB94.19. The method of claim 8, further comprising the
step of contacting said cell with a Tcf1 protein or a
nucleic acid encoding said Tcf1protein. 20. A method
of increasing pancreatic b-cell mass, said method
comprising contacting a pancreatic b-cell or a cell
which may be induced to become a pancreatic b-cell
with a nucleic acid encoding a TMEM27 polypeptide and
providing conditions favorable for expression of said
nucleic acid. 21. The method of claim 20, wherein said
cell is contacted in vitro or ex vivo. 22. The method
of claim 20, wherein said cell is contacted in vivo.
23. The method of claim 20, wherein said cell is a
stem or progenitor cell. 24. The method of claim 20,
wherein said cell is isolated from a subject suffering
from or predisposed to diabetes. 25. The method of
claim 24, further comprising the step of administering
said cell to said subject. 26. The method of claim 25,
wherein said cell is autologous or allogeneic with
respect to said subject. 27. The method of claim 20,
wherein said nucleic acid encodes a full length TMEM27
protein, or a fragment thereof. 



28. The method of claim 20, further comprising the
step of contacting said cell with a protease
inhibitor. 29. The method of claim 28, wherein said
protease inhibitor is a serine protease inhibitor or a
metalloprotease inhibitor. 30. The method of claim 29,
wherein said protease inhibitor is BB94. 31. The
method of claim 20, further comprising the step of
contacting said cell with a Tcfl protein or a nucleic
acid encoding said Tcfl protein. 32. A method of
altering metabolism in a subject, said method
comprising contacting a pancreatic b-cell or a cell
which may be induced to become a pancreatic b-cell
with a TMEM27 polypeptide or a nucleic acid encoding
said TMEM27 polypeptide. 33. The method of claim 32,
wherein said cell is contacted in vitro or ex vivo.
34. The method of claim 32, wherein said cell is
contacted in vivo. 35. The method of claim 32, wherein
said cell is a stem or progenitor cell. 36. The method
of claim 32, wherein said cell promotes insulin
secretion in said subject. 37. The method of claim 32,
wherein said cell is isolated from, administered to,
or a combination thereof, a subject suffering from or
predisposed to diabetes. 38. The method of claim 37,
wherein said cell is autologous or allogeneic with
respect to said subject.39. The method of claim 32,
wherein said TMEM27 polypeptide is a full length
TMEM27 protein, or a fragment thereof. 40. The method
of claim 32, wherein said nucleic acid encodes a full
length TMEM27 protein, or a fragment thereof. 4 1. The
method of claim 32, further comprising the step of
contacting said cell with a protease inhibitor. 42.
The method of claim 41, wherein said protease
inhibitor is a serine protease inhibitor or a
metalloprotease inhibitor. 43. The method of claim 42,
wherein said protease inhibitor is BB94. 44. The
method of claim 32, further comprising the step of
contacting said cell with a Tcfl protein or a nucleic
acid encoding said Tcfl protein. 45. The method of
claim 32, wherein said subject is insulin resistant or
hypoinsulinemic. 46. The method of claim 32, wherein
said subject is diabetic or predisposed to diabetes.
47. The method of claim 32, further comprising the
step of administering to said subject a sulfonylurea,
leptin, meglitinide, biguanide, thiazolidinedione,
alpha-glucosidase inhibitor, or a combination thereof.
48. A method of inhibiting, suppressing or treating
diabetes in a subject, said method comprising
contacting a pancreatic b-cell or a cell which may be
induced to become a pancreatic b-cell with a TMEM27
polypeptide or a nucleic acid encoding said TMEM27
polypeptide. 49. The method of claim 48, wherein said
cell is contacted in vitro or ex vivo. 50. The method
of claim 48, wherein said cell is contacted in vivo.
51. The method of claim 48, wherein said cell is a
stem or progenitor cell. 52. The method of claim 48,
wherein said cell is isolated from, administered to,
or a combination thereof, a subject suffering from or
predisposed to diabetes. 53. The method of claim 52,
wherein said cell is autologous or allogeneic with
respect to said subject. 54. The method of claim 48,
wherein said cell promotes b-cell proliferation,
insulin secretion, or combination thereof in said
subject. 55. The method of claim 48, wherein said
TMEM27 polypeptide is a full length TMEM27 protein, or
a fragment thereof. 56. The method of claim 48,
wherein said nucleic acid encodes a full length TMEM27
protein, or a fragment thereof. 57. The method of
claim 48, further comprising the step of contacting
said cell with a protease inhibitor .58. The method of
claim 57, wherein said protease inhibitor is a serine
protease inhibitor or a metalloprotease inhibitor. 59.
The method of claim 58, wherein said protease
inhibitor is BB94. 60. The method of claim 48, further
comprising the step of contacting said cell with a
Tcfl protein or a nucleic acid encoding said Tcfl
protein. 61. The method of claim 48, wherein said
subject is insulin resistant or hypoinsulinemic. 62.
The method of claim 48, wherein said subject is
predisposed to diabetes. 63. The method of claim 48,
wherein said subject has maturity onset diabetes of
the young (MODY). 64. The method of claim 48, further
comprising the step of administering to said subject a
sulfonylurea, leptin, meglitinide, biguanide,
thiazolidinedione, alpha-glucosidase inhibitor, or a
combination thereof. 65. A method of assessing
pancreatic islet mass in a subject, the method
comprising the step of determining a concentration of
TMEM27 in the serum of said subject and comparing said
concentration versus that of a control. 66. A method
for identifying proteins which interact with a TMEM27
protein, or a secreted form 



thereof, the method comprising the step of contacting
a TMEM27 polypeptide with a molecule of interest for a
time and under conditions sufficient to facilitate
specific interaction between said polypeptide and said
molecule of interest and identifying said molecule of
interest. 67. A method of increasing pancreatic b-cell
mass, said method comprising contacting a pancreatic
b-cell or a cell which may be induced to become a
pancreatic b-cell with a serine or metallo protease
inhibitor, wherein said cell expresses or may be
induced to express TMEM27 and providing conditions
favorable for b-cell proliferation. 68. The method of
claim 67, wherein said protease inhibitor is BB94,
(HONH-COCH2CH2COFA- NH2), (OA-Hy;
cis-P-Octadecenoyl-N-hydroxylamide;
Oleoyl-N-hydrocylamide), {N-
[[(4,5-Dihydro-5-thioxo-l,3,4-thiadiazol-2-yl)amino]ca
rbonyl]-L-phenylalanine Methyl Ester] ,
{a-[[[4,5-Dihydro-5-thioxo-l
,3,4-thiadiazol-2-yl)amino]carbonyl]amino]- ((2-
pyridyl)piperazinyl)-(S)- benzenepropanamide} ,
{(2R)-2-[(4-Biphenylylsulfonyl)amino]-3-
phenylpropionic Acid},
{(2R)-[(4-Biphenylylsulfonyl)amino]-N-hydroxy-3-
phenylpropionamide},
H-Cysl-Thr-Thr-His-Trp-Gly-Phe-Thr-Leu-CyslO-OH,
(SB-3CT), (Ac-RCGVPD-NH2; Stromelysin-1 Inhibitor),
[N-Isobutyl~N-(4-methoxyphenylsulfonyl)-
glycylhydroxamic Acid; NNGH]
{N-[[4,5-Dihydro-5-thioxo-l,3,4-thiadiazol-2-
yl)amino]cai-bonyl]-L-phenylalanine },
{a-[[[4,5-Dihydro-5-thioxo-l
,3,4-thiadiazol-2-yl)amino]carbonyl]amino]-N-(cyclohex
ylmethyl)-(S)-benzenepropanamide}, ADibenzofuran-
2-yl-4-hydroximino-butyric Acid),
[4-(4-Biphenyl)-4-hydroxyimino-butyric- Acid],
{(3R)-(+)-[2-(4-Methoxybenzenesulfonyl)-l
,2,3,4-tetrahydroisoquinoline-3- hydroxamate] },
{(3S)-(-)-[2-(4-Methoxybenzenesulfonyl)-l
,2,3,4-tetrahydroisoquinoline-3- hydroxamate] },
[N-Hydroxy-1-(4-methoxyphenyl)sulfonyl-4-(4-biphenylca
rbonyl)piperazine- 2-carboxamide] , [N-Hydroxy-
1-(4-methoxyphenyl)sulfonyl-4-benzyloxycarbonylpiperaz
ine- 2-carboxamide], (l,10-Phenanthroline
Monohydrate), Marimastat, Prinomastat, Tanomastat,
Neovastat, Zoledronic acid, or a combination thereof.
69. The method of claim 68, wherein said protease
inhibitor is BB94. 70. A method of altering metabolism
in a subject, said method comprising contacting a
pancreatic b-cell or a cell which may be induced to
become a pancreatic b-cell with a protease inhibitor
with a serine or metallo protease inhibitor, wherein
said cell expresses or may be induced to express
TMEM27. 71. The method of claim 70, wherein said
protease inhibitor is BB94, (HONH-COCH2CH2COFA- NH2),
(OA-Hy; cis-9-Octadecenoyl-N-hydroxylamide;
Oleoyl-N-hydrocylamide), {N- [[(4,5-Dihydro-5-thioxo-
1,3,4-thiadiazol-2-yl)amino]carbonyl]-L-phenylalanine
Methyl Ester) , {a-[[[4,5-Dihydro-5-thioxo-l
,3,4-thiadiazol-2-yl)amino]carbonyl]amino]- ((2-
pyridyl)piperazinyl)-(S)- benzenepropanamide},
{(2R)-2-[(4-Biphenylylsulfonyl)amino]-3-
phenylpropionic Acid},
{(2R)-[(4-Biphenylylsulfonyl)amino]-N-hydroxy-3-
phenylpropionamide},
H-Cysl-Thr-Thr-His-Trp-Gly-Phe-Thr-Leu-CyslO-OH,
(SB-3CT), (Ac-RCGVPD-NH2; Stromelysin-1 Inhibitor),
[N-Isobutyl-N-(4-methoxyphenylsulfonyl)-
glycylhydroxamic Acid; NNGH]
{N-[[4,5-Dihydro-5-thioxo-l,3,4-thiadiazol-2-
yl)amino]carbonyl]-L-phenylalanine},
{a-[[[4,5-Dihydro-5-thioxo-l,3,4-thiadiazol-2-
yl)amino]carbonyl]amino]-N-(cyclohexylmethyl)-(S)-benz
enepropanamide}, ADibenzofuran-
2-yl-4-hydroximino-butyric Acid),
[4-(4-Biphenyl)-4-hydroxyimino-butyric- Acid],
{(3R)-(+)-[2-(4-Methoxybenzenesulfonyl)-l
,2,3,4-tetrahydroisoquinoline-3- hydroxamate] },
{(3S)-(-)-[2-(4-Methoxybenzenesulfonyl)-l
,2,3,4-tetrahydroisoquinoline-3- hydroxamate] },
[N-Hydroxy-1-(4-rnethoxyphenyl)sulfonyl-4-(4-biphenylc
arbonyl)piperazine- 2-carboxamide] , [N-Hydroxy-
1-(4-methoxyphenyl)sulfonyl-4-benzyloxycarbonylpiperaz
ine- 2-cai-boxamide], (1,10-Phenanthroline
Monohydrate), Marimastat, Prinomastat, Tanomastat,
Neovastat, Zoledronic acid, or a combination thereof.
72. The method of claim 71, wherein said protease
inhibitor is BB94. 73. A method of inhibiting,
suppressing or treating diabetes in a subject, said
method comprising contacting a pancreatic b-cell or a
cell which may be induced to become a pancreatic
b-cellwith a protease inhibitor with a serine or
metallo protease inhibitor, wherein said cell
expresses or may be induced to express TMEM27. 74. The
method of claim 73, wherein said protease inhibitor is
BB94, or a combination thereof. 75. The method of
claim 74, wherein said protease inhibitor is BB94.SEQ
LIST-43UNE06.ST25.txt SEQUENCE LISTING <110> STOFFEL,
Markus AKPlNAR, Pinar <120> STIMULATION OF PANCREATIC
B CELL PROLIFERATION <130> P-7925-PC <140> Not Yet
Known <141> 2006-06-04 <160> 19 <170> Patentln version
3.3 <210> 1 <211> 19 <212> PRT 



<213> Mus musculus <400> 1 VaT Gi n Ser Ala lie Arg
Lys Asn Arg Asn Arg l i e Asn Ser Ala Phe 1 5 10 15
Phe Leu Asp <210> 2 <211> 20 <212> PRT <213> Mus
musculus <400> 2 Gly lie Pro Cys Asp Pro Leu Asp Met
Lys Gly G ly His lie Asn Asp 1 5 10 15 Gly Phe Leu Thr
20 <210> 3 <211> 24 <212> DNA <213> Mus musculus <400>
3 ggagattttc gtaaataact gaca 24 <210> 4 <211> 24 <212>
DNA <213> Mus musculus <400> 4 gggcgttaat tattaaacct
ttta 24 <210> 5 <211> 24 <212> DNA <213> Mus
musculusSEQ LIST-4JUNE06.ST25.txt <400> 5 gggcagagat
tattaaacct ttta 24 <210> 6 <211> 24 <212> DNA <213>
Mus musculus <400> 6 acaggaggca ggtgggaggc ttct 24
<210> 7 <211> 22 <212> DNA <213> Mus musculus <400> 7
cccggattag ggtatcggag aa 22 <210> 8 <211> 19 <212> DNA
<213> Mus musculus <400> 8 gggctcagct ttcctccta 19
<210> 9 <211> 24 <212> DNA <213> Mus musculus <400> 9
ctccgcctta actgttctct gatg 24 <210> 10 <211> 131 <212>
DNA <213> Homo sapiens <400> 10 gaaaacaact aatctgtttt
ccaaacaggt tttcataaat aactgacagg agatgggctg 60
tttttatgga agtattaacc caaatgatgg gtgttaatca ttaaaccttt
ttggtggtgg 120 ctcgcttgtt t 131 <210> 11 <211> 133 



<212> DNA <213> Mus musculus <400> 11 gaagaaccca
ctaacctgct tctcaaatag attttcgtaa ataactgaca ggggatggtt
60 cgcttctatg gacgtattaa cccaactgat gggcgttaat
tattaaacct tttagatggt 120 ggctcgctga ttt 133 <210>
12SEQ LIST-43UNE06.ST25 .txt <211> 15 <212> DNA <213>
Homo sapiens <400> 12 cataaataac tgaca 15 <210> 13
<211> 16 <212> DNA <213> Homo sapiens <400> 13
ggtgttaatc attaaa 16 <210> 14 <211> 15 <212> DNA <213>
Mus musculus <400> 14 cgtaaataac tgaca 15 <210> 15
<211> 16 <212> DNA <213> Mus musculus <400> 15
ggcgttaatt attaaa 16 <210> 16 <211> 222 <212> PRT
<213> Mus musculus <400> 16 Met Leu Trp Leu Leu Phe
Phe Leu VaI Thr Ala lie His Ala Gl u Leu 1 5 10 15 Cys
Gin Pro Gl y Ala Gl u Asn Ala Phe Lys val Arg Leu Ser
lie Arg 20 25 30 Thr Ala Leu Gly Asp Lys Ala Tyr Ala
Trp Asp Thr Asn Glu Glu Tyr 35 40 45 Leu Phe Lys Ala
Met VaI Ala Phe ser Met Arg Lys VaI Pro Asn Arg 50 55
60 Glu Ala Thr Glu lie Ser His VaI Leu Leu Cys Asn VaI
Thr Gi n Arg 65 70 75 80 val Ser Phe Trp Phe VaI VaI
Thr Asp Pro ser Lys Asn His Thr Leu 85 90 95 Pro Ala
Val Glu Val Gin ser Ala l i e Arg Met Asn Lys Asn Arg
lie 100 105 110SEQ LIST-4DUNE06.ST25.txt Asn Asn Ala
Phe Phe Leu Asn Asp G n Thr Leu Gl u Phe Leu Lys lie
115 120 125 Pro ser Thr Leu Ala Pro Pro Met Asp Pro
Ser VaI Pro lie Trp lie 130 135 140 lie lie Phe Gl y
VaI lie Phe cys lie lie H e val Ala lie Ala Leu 145
150 155 160 Leu lie Leu Ser Gl y lie Trp Gin Arg Arg
Arg Lys Asn Lys Gl u Pro 165 170 175 Ser Gl u VaI Asp
Asp Ala Gl u Asp Lys Cys Gl u Asn Met lie Thr lie 180
185 190 Glu Asn Gly lie Pro Ser Asp Pro Leu Asp Met
Lys Gly Gly His lie 195 200 205 Asn Asp Ala Phe Met
Thr Glu Asp Glu Arg Leu Thr Pro Leu 210 215 220 <210>
17 <211> 815 <212> DNA 



<213> Mus musculus <400> 17 atgtcattgc acccaatgac
tttaacgctc agtccttgga taccccacat gtgagacggt 60
tgtaaccact gtaaggattt gagaaataat cagggagcct agctcacagt
aagtagttct 120 tagtcattgt taaatagttg cgctgaacaa
tgttgtcact agcactgtgt agcaacttaa 180 ctaaatgaca
ggttcttagc agttctagcc ccttttaaag ggttagcatt catttcttcc
240 tagtggcacc aggacagagc actgttcagg gaaggtatca
ccatcaccat caccatcacc 300 atcgtcatca ccatcaccat
cgtcatcacc caatgatcat catctccagc gtgaggcttt 360
atatcattaa tgttgagttt tagacagtag ccagatctta gagtttaacc
tagccatcct 420 ctagttggga attgttaacc aaccaacagt
ctaggaagtc ttgttccctt tactctccag 480 aggtgaaaaa
ggagttatat ttgtttccta agtatggtag cctgtctttg aatcagattg
540 gttagcctga aagggcacaa agattatgcc aaagaaaact
ccatgctctc cacgtttagc 600 ttaaccaaac aactacagga
ggcaggtggg aggcttctga ttgtgtcagc tcaggaaaca 660
ttcttatgag gtagagtttg aggaagaacc cactaacctg cttctcaaat
agattttcgt 720 aaataactga caggggatgg ttcgcttcta
tggacgtatt aacccaactg atgggcgtta 780 attattaaac
cttttagatg gtggctcgct gattt 815 <210> 18 <211> 815
<212> DNASEQ LIST-4DUNE06.ST25.txt <213> Mus musculus
<400> 18 atgtcattgc acccaatgac tttaacgctc agtccttgga
taccccacat gtgagacggt 60 tgtaaccact gtaaggattt
gagaaataat cagggagcct agctcacagt aagtagttct 120
tagtcattgt taaatagttg cgctgaacaa tgttgtcact agcactgtgt
agcaacttaa 180 ctaaatgaca ggttcttagc agttctagcc
ccttttaaag ggttagcatt catttcttcc 240 tagtggcacc
aggacagagc actgttcagg gaaggtatca ccatcaccat
caccatca'cc 300 atcgtcatca ccatcaccat cgtcatcacc
caatgatcat catctccagc gtgaggcttt 360 atatcattaa
tgttgagttt tagacagtag ccagatctta gagtttaacc tagccatcct
420 ctagttggga attgttaacc aaccaacagt ctaggaagtc
ttgttccctt tactctccag 480 aggtgaaaaa ggagttatat
ttgtttccta agtatggtag cctgtctttg aatcagattg 540
gttagcctga aagggcacaa agattatgcc aaagaaaact ccatgctctc
cacgtttagc 600 ttaaccaaac aactacagga ggcaggtggg
aggcttctga ttgtgtcagc tcaggaaaca 660 ttcttatgag
gtagagtttg aggaagaacc cactaacctg cttctcaaat agattttcgt
720 aaataacact gaggggatgg ttcgcttcta tggacgtatt
aacccaactg atgggcgtta 780 attattaaac cttttagatg
gtggctcgct gattt 815 <210> 19 <211> 815 <212> DNA
<213> Mus musculus <400> 19 atgtcattgc acccaatgac
tttaacgctc agtccttgga taccccacat gtgagacggt 60
tgtaaccact gtaaggattt gagaaataat cagggagcct agctcacagt
aagtagttct 120 tagtcattgt taaatagttg cgctgaacaa
tgttgtcact agcactgtgt agcaacttaa 180 ctaaatgaca
ggttcttagc agttctagcc ccttttaaag ggttagcatt catttcttcc
240 tagtggcacc aggacagagc actgttcagg gaaggtatca
ccatcaccat caccatcacc 300 atcgtcatca ccatcaccat
cgtcatcacc caatgatcat catctccagc gtgaggcttt 360
atatcattaa tgttgagttt tagacagtag ccagatctta gagtttaacc
tagccatcct 420 ctagttggga attgttaacc aaccaacagt
ctaggaagtc ttgttccctt tactctccag 480 aggtgaaaaa
ggagttatat ttgtttccta agtatggtag cctgtctttg aatcagattg
540 gttagcctga aagggcacaa agattatgcc aaagaaaact
ccatgctctc cacgtttagc 600 ttaaccaaac aactacagga
ggcaggtggg aggcttctga ttgtgtcagc tcaggaaaca 660
ttcttatgag gtagagtttg aggaagaacc cactaacctg cttctcaaat
agattttcgt 720 aaataactga caggggatgg ttcgcttcta
tggacgtatt aacccaactg atgggccaat 780 attattaaac
cttttagatg gtggctcgct gattt 815 


