
US 2009.0275043A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2009/0275043 A1 

Grant (43) Pub. Date: Nov. 5, 2009 

(54) GENETIC VARIANTS IN THE TCF7L2 GENE Related U.S. Application Data 
ASDAGNOSTIC MARKERS FORRISK OF 

(63) Continuation of application No. 1 1/454.296, filed on 
TYPE 2 DABETES MELLITUS Jun. 16, 2006, now Pat. No. 7,585,630. 

(60) Provisional application No. 60/757,155, filed on Jan. 
(75) Inventor: Struan F.A. Grant, Reykjavik (IS) 6, 2006, provisional application No. 60/692,174, filed 

on Jun. 20, 2005. 
Correspondence Address: Publication Classification 
HAMILTON, BROOK, SMITH & REYNOLDS, 
P.C. (51) Int. Cl. 
530 VIRGINLA ROAD, P.O. BOX9133 CI2O I/68 (2006.01) 
CONCORD, MA 01742-9133 (US) (52) U.S. Cl. ............................................................ 435/6 

(57) ABSTRACT 
73) Assi : deCODE tics ehf. Revkiavik (73) Assignee is, genetics enr., KeyKaV1 Polymorphisms in the gene TCF7L2 are shown by associa 

tion analysis to be a susceptibility gene for type II diabetes. 
Methods of diagnosis of susceptibility to diabetes, of 

(21) Appl. No.: 12/456,381 decreased susceptibility to diabetes and protection against 
diabetes, are described, as are methods of treatment for type 

(22) Filed: Jun. 15, 2009 II diabetes. 



US 2009/0275043 A1 Nov. 5, 2009 Patent Application Publication 

3. 

8xons . 3 ### 

xxywyvery stress; xxxxxxygy'gy 

  

  

  

  

  

    

  

  

  

  



US 2009/0275043 A1 

GENETIC VAIRLANTS IN THE TCF7L2 GENE 
ASDAGNOSTIC MARKERS FORRISK OF 

TYPE 2 DABETES MELLITUS 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 1 1/454.296, filed Jun. 16, 2006, which claims 
the benefit of U.S. Provisional Application No. 60/757,155, 
filed on Jan. 6, 2006 and U.S. Provisional Application No. 
60/692,174, filed on Jun. 20, 2005. The entire teachings of the 
above applications are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 Diabetes mellitus, a metabolic disease whereincar 
bohydrate utilization is reduced and lipid and protein utiliza 
tion is enhanced, is caused by an absolute or relative defi 
ciency of insulin. In the more severe cases, diabetes is 
characterized by chronic hyperglycemia, glycosuria, water 
and electrolyte loss, ketoacidosis and coma. Long term com 
plications include development of neuropathy, retinopathy, 
nephropathy, generalized degenerative changes in large and 
small blood vessels and increased susceptibility to infection. 
The most common form of diabetes is Type II, non-insulin 
dependent diabetes that is characterized by hyperglycemia 
due to impaired insulin secretion and insulin resistance in 
target tissues. Both genetic and environmental factors con 
tribute to the disease. For example, obesity plays a major role 
in the development of the disease. Type II diabetes is often a 
mild form of diabetes mellitus of gradual onset. 
0003. The health implications of Type II diabetes are enor 
mous. In 1995, there were 135 million adults with diabetes 
worldwide. It is estimated that close to 300 million will have 
diabetes in the year 2025. (King H., et al., Diabetes Care, 
21 (9): 1414-1431 (1998)). The prevalence of Type II diabetes 
in the adult population in Iceland is 2.5% (Vilbergsson, S., et 
al., Diabet. Med., 14(6): 491–498 (1997)), which comprises 
approximately 5,000 people over the age of 34 who have the 
disease. The high prevalence of the disease and increasing 
population affected shows an unmet medical need to define 
the genetic factors involved in Type II diabetes to more pre 
cisely define the associated risk factors. Also needed are 
therapeutic agents for prevention of Type II diabetes. 

SUMMARY OF THE INVENTION 

0004. The present invention relates to methods of diagnos 
ing an increased Susceptibility to type II diabetes, as well as 
methods of diagnosing a decreased Susceptibility to type II 
diabetes or diagnosing a protection against type II diabetes, 
by evaluating certain markers or haplotypes relating to the 
TCF7L2 gene (transcription factor 7-like 2 (T-cell specific, 
HMG-box), previously referred to as the TCF4 gene (T-cell 
transcription factor 4)). The methods comprise detecting a 
genetic marker associated with the exon 4 LD block of 
TCF7L2 gene. 
0005. In a first aspect, the invention relates to a method of 
diagnosinga Susceptibility to type II diabetes in an individual, 
comprising analyzing a nucleic acid sample obtained from 
the individual for a marker or haplotype associated with the 
exon 4 LD block of TCF7L2, wherein the presence of the 
marker or haplotype is indicative of a susceptibility to type II 
diabetes. In one embodiment, the marker or haplotype com 
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prises at least one marker selected from the markers listed in 
Table 6. In another embodiment, the marker or haplotype is a 
marker. 

0006. In one preferred embodiment, the marker or haplo 
type is indicative of increased susceptibility of type II diabe 
tes. The increased Susceptibility is in one embodiment char 
acterized by a relative risk of at least 1.2, including a relative 
risk of at least 1.3 and a relative risk of at least 1.4. In one 
embodiment, the marker is selected from the group consisting 
of DG10S478, rs12255372, rs7895.340, rs11196205, 
rs7901695, rs7903 146, rs12243326, and rs4506565, and 
wherein the presence of a non-0 allele (e.g., -4, 4, 8, 12, 16. 
20, or other non-0 allele) in DG10S478, a T allele in 
rs 12255372; an A allele in rs7895.340; a C allele in 
rs 11196205; a Callele in rs7901695; a Tallele in rs7903146; 
a C allele in rs12243326; or an T allele in rS4506565, is 
indicative of increased susceptibility to type II diabetes. In a 
preferred embodiment, the marker is selected from the group 
consisting of DG10S478 and rs7903146, and wherein the 
presence of a non-0 allele in DG10S478 or a T allele in 
rs7903146 is indicative of increased susceptibility to type II 
diabetes. In yet another preferred embodiment, the marker is 
rs7903 146, and wherein the presence of a T allele in 
rs7903146 is indicative of increased susceptibility to type II 
diabetes. 

0007. In another preferred embodiment, the marker or 
haplotype is indicative of decreased susceptibility of type II 
diabetes. The decreased susceptibility is in one embodiment 
characterized by a relative risk of less than 0.8, including a 
relative risk of less than 0.7. In one embodiment, the marker 
is selected from the group consisting of DG10S478, 
rs 12255372, rs7895.340, rs11 196205, rs7901695, rs7903146, 
rs 12243326, and rs4506565, and wherein the presence of a 0 
allele in DG10S478, a Gallele in SNPrs 12255372; a Gallele 
in rs7895.340; a G allele in rs11 196205; a T allele in 
rs7901695; a Callele in rs7903146; a Tallele in rs12243326; 
or an A allele in rS4506565 is indicative of a decreased sus 
ceptibility to type II diabetes. In a preferred embodiment, the 
marker is DG10S478, and wherein the presence of a 0 allele 
in DG10S478 is indicative of decreased susceptibility to type 
II diabetes. In another preferred embodiment, the marker is 
rs7903 146, and wherein the presence of a C allele in 
rs7903146 is indicative of decreased susceptibility to type II 
diabetes. 

0008. In a second aspect, the present invention relates to a 
kit for assaying a sample from an individual to detect a Sus 
ceptibility to type II diabetes, wherein the kit comprises one 
or more reagents for detecting one or more markers associ 
ated with the exon 4 LD block of TCF7L2. In one embodi 
ment, the one or more reagents comprise at least one contigu 
ous nucleotide sequence that is completely complementary to 
a region comprising at least one marker associated with the 
exon 4 LD block of TCF7L2. In one embodiment, the one or 
markers is selected from the group consisting of DG10S478, 
rs 12255372, rs7895.340, rs11 196205, rs7901695, rs7903146, 
rs 12243326, and rs4506565. In a preferred embodiment, the 
one or more marker is DG1OS478 or rs7903146. In another 
preferred embodiment, the marker is the C allele in 
rS7903146. 

0009. In another aspect, the present invention relates to a 
method of assessing an individual for probability of response 
to a TCF7L2 therapeutic agent, comprising: detecting a 
marker associated with the exon 4 LD block of TCF7L2, 
wherein the presence of the marker is indicative of a prob 
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ability of a positive response to a TCF7L2 therapeutic agent. 
In one embodiment, the marker is selected from the group 
consisting of DG10S478, rs12255372, rs7895340, 
rs11 196205, rs7901695, rs7903146, rs12243326, and 
rs4506565. In another embodiment, the marker is marker 
DG10S478 or marker rs7903146, and wherein the presence 
of a non-O allele in DG1 OS478 or a Tallele in rs7903146 is 
indicative of a probability of a positive response to a TCF7L2 
therapeutic agent. 
0010. Another aspect of the invention relates to the use of 
a TCF7L2 therapeutic agent for the manufacture of a medi 
cament for the treatment of type II diabetes. In one embodi 
ment, the TCF7L2 therapeutic agent is an agent that alters 
activity in the Wnt signaling pathway or in the cadherin 
pathway. In another embodiment, the TCF7L2 therapeutic 
agent is an agent selected from the group set forthin the Agent 
Table. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. The foregoing and other objects, features and 
advantages of the invention will be apparent from the follow 
ing more particular description of preferred embodiments of 
the invention. The patent or application file contains at least 
one drawing executed in color. Copies of this patent or patent 
application publication with color drawings will be provided 
by the Office upon request and payment of the necessary fee. 
0012. The FIGURE depicts the TCF7L2 region of interest 
with respect to linkage disequilibrium (LD) of SNPs in Hap 
Map project Build 16. The 215.9 kb gene spans seven LD 
blocks as indicated by the black arrow schematic (based on 
NCBI RefSeq) which shows the direction of transcription; 
exons are indicated, with exon 4 highlighted. DG10S478 is 
located at 114.46 Mb on chromosome 10 (NCBI Build 34) in 
intron 3 of the TCF7L2 gene, within a 74.9 kb block that 
incorporates part of intron 3, the whole of exon 4 and part of 
intron 4 (herein referred to as the “exon 4 LD block of 
TCF7L2). The SNP markers are plotted equidistantly rather 
than according to their physical positions. The FIGURE 
shows two measures of LD i.e. D' (upper left part of FIG 
URE) and r (lower right part). 

DETAILED DESCRIPTION OF THE INVENTION 

0013. A description of preferred embodiments of the 
invention follows. 

Loci Associated with Type II Diabetes 
0014 Type II diabetes is characterized by hyperglycemia, 
which can occur through mechanisms such as impaired insu 
lin secretion, insulin resistance in peripheral tissues and 
increased glucose output by the liver. Most type II diabetes 
patients suffer serious complications of chronic hyperglyce 
mia including nephropathy, neuropathy, retinopathy and 
accelerated development of cardiovascular disease. The 
prevalence of type II diabetes worldwide is currently 6% but 
is projected to rise over the next decade(1). This increase in 
prevalence of type II diabetes is attributed to increasing age of 
the population and rise in obesity. 
0015 There is evidence for a genetic component to the risk 
of type II diabetes, including prevalence differences between 
various racial groups(2, 3), higher concordance rates among 
monozygotic than dizygotic twins(4, 5) and a sibling relative 
risk (W) for type II diabetes in European populations of 
approximately 3.5(6). 
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0016 Two approaches have thus far been used to search 
for genes associated with type II diabetes. Single nucleotide 
polymorphisms (SNPs) within candidate genes have been 
tested for association and have, in general, not been replicated 
or confer only a modest risk of type II diabetes—the most 
widely reported being a protective Pro12Ala polymorphism 
in the peroxisome proliferator activated receptor gamma gene 
(PPARG2)(7) and an at risk polymorphism in the potassium 
inwardly-rectifying channel, Subfamily J, member 11 gene 
(KIR6.2)(8). 
0017 Genome-wide linkage scans in families with the 
common form of type II diabetes have yielded several loci, 
and the primary focus of international research consortia has 
been on loci on chromosomes 1, 12 and 20 observed in many 
populations.(6). The genes in these loci have yet to be uncov 
ered. However, in Mexican Americans, the calpain 10 
(CAPN10) gene was isolated out of a locus on chromosome 
2d; this represents the only gene for the common form of type 
II diabetes to date to be identified through positional cloning 
(9). The rare Mendelian forms of type II diabetes, namely 
maturity-onset diabetes of the young (MODY), have yielded 
six genes by positional cloning.(6). 
0018 We previously reported genome-wide significant 
linkage to chromosome 5q for type II diabetes mellitus in the 
Icelandic population(10); in the same study, we also reported 
Suggestive evidence of linkage to 10q and 12q. Linkage to the 
10q region has also been observed in Mexican Americans 
(11). 
Transcription Factor 7-Like 2 Gene (TCF7L2) Association 
with Type II Diabetes 
0019. The present invention relates to identification of a 
type II diabetes-associated LD block (“exon 4 LD block of 
TCF7L2) within the gene encoding T-cell transcription fac 
tor 4 (TCF4—official gene symbol TCF7L2). Several mark 
ers within the exon 4 LD block of TCF7L2, including micro 
satellite DG1 OS478 and SNP markers rs7903146 and 
rs 12255372, have been found to be associated with type II 
diabetes. The original observation, first found in an Icelandic 
cohort, of the association of DG10S478 (P=1.3x10: Rela 
tive risk=1.45: Population attributable risk=22.7%), has sub 
sequently been replicated in a Danish type II diabetes cohort 
and a United States Caucasian cohort. DG10S478 is located 
in intron 3 of the TCF7L2 gene on 10q25.2 and within a well 
defined LD block of 74.9 kb that encapsulates part of intron 3, 
the whole of exon 4 and part of intron 4. The TCF7L2 gene 
product is a high mobility group (HMG) box-containing tran 
Scription factor that plays a role in the Wnt signaling pathway, 
also known as the APC3/B-catenin/TCF pathway. TCF7L2 
mediates the cell type-specific regulation of proglucagon 
gene expression (a key player in blood glucose homeostasis) 
through the Wnt pathway members B-catenin and glycogen 
synthase kinase-3beta(12). In addition, Wnt signaling main 
tains preadipocytes in an undifferentiated State through inhi 
bition of the adipogenic transcription factors CCAAT/en 
hancer binding protein alpha (C/EBPalpha) and peroxisome 
proliferator-activated receptor gamma (PPARgamma)(13). 
When Wnt signaling in preadipocytes is prevented by over 
expression of dominant-negative TCF7L2, these cells differ 
entiate into adipocytes(13). In addition, it has been reported 
that the Wnt/B-catenin signaling pathway targets PPAR 
gamma activity through physical interaction with B-catenin 
and TCF7L2 in colon cancer cells(14). The multifunctional 
B-catenin protein is also important for mediating cell adhe 
sion through its binding of cadherins(15). 
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0020. As a result of this discovery, methods are now avail 
able for diagnosis of a susceptibility to type II diabetes, as 
well as for diagnosis of a decreased susceptibility to type II 
diabetes and/or a protection against type II diabetes. In pre 
ferred embodiments of the invention, diagnostic assays are 
used to identify the presence of particular alleles, including a 
0 allele in marker DG10S478 (associated with a decreased 
susceptibility to type II diabetes and is an allele that is pro 
tective against type II diabetes); a non-0 allele (e.g., -4, 4, 8, 
12, 16 or 20, or otherallele) in marker DG10S478 (associated 
with susceptibility to type II diabetes); a Gallele in SNP 
rs 12255372 (associated with a decreased susceptibility to 
type II diabetes and is an allele that is protective against type 
II diabetes): a Tallele in SNP rs12255372 (associated with 
susceptibility to type II diabetes); a G allele in SNP 
rs7895340 (associated with a decreased susceptibility to type 
II diabetes and is an allele that is protective against type II 
diabetes); an A allele in SNP rs7895.340 (associated with 
susceptibility to type II diabetes); a G allele in SNP 
rs11 196205 (associated with a decreased susceptibility to 
type II diabetes and is an allele that is protective against type 
II diabetes); a Callele in SNP rs11 196205 (associated with 
susceptibility to type II diabetes); a Tallele in SNPrs7901695 
(associated with a decreased susceptibility to type II diabetes 
and is an allele that is protective against type II diabetes); a C 
allele in SNP rs7901695 (associated with susceptibility to 
type II diabetes); a C allele in SNP rs7903146 (associated 
with a decreased susceptibility to type II diabetes and is an 
allele that is protective against type II diabetes); a Tallele in 
SNP rs7903146 (associated with a susceptibility to type II 
diabetes); a C allele in SNP rs12243326 (associated with a 
susceptibility to type II diabetes); and an Tallele in SNP 
rs4506565 (associated with a susceptibility to type II diabe 
tes). In additional embodiments of the invention, other mark 
ers or SNPs, identified using the methods described herein, 
can be used for diagnosis of a susceptibility to type II diabe 
tes, and also for diagnosis of a decreased susceptibility to type 
II diabetes or for identification of an allele that is protective 
against type II diabetes. The diagnostic assays presented 
below can be used to identify the presence or absence of these 
particular alleles. 

Diagnostic Assays 

0021 Nucleic acids, probes, primers, and antibodies such 
as those described herein can be used in a variety of methods 
of diagnosis of a susceptibility to type II diabetes, as well as 
in kits (e.g., useful for diagnosis of a Susceptibility to type II 
diabetes). Similarly, the nucleic acids, probes, primers, and 
antibodies described herein can be used in methods of diag 
nosis of a decreased susceptibility to type II diabetes, as well 
as in methods of diagnosis of a protection against type II 
diabetes, and also in kits). In one aspect, the kit comprises 
primers that can be used to amplify the markers of interest. 
0022. In one aspect of the invention, diagnosis of a Sus 
ceptibility to type II diabetes is made by detecting a polymor 
phism in a TCF7L2 nucleic acid as described herein (e.g., the 
alleles in marker DG10S478 or in SNP rs12255372, 
rs7895.340, rs11 196205, rs7901695, rs7903 146, rs12243326, 
rs4506565). The polymorphism can be a change in a TCF7L2 
nucleic acid, such as the insertion or deletion of a single 
nucleotide, or of more than one nucleotide, resulting in a 
frame shift; the change of at least one nucleotide, resulting in 
a change in the encoded amino acid; the change of at least one 
nucleotide, resulting in the generation of a premature stop 
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codon; the deletion of several nucleotides, resulting in a dele 
tion of one or more amino acids encoded by the nucleotides; 
the insertion of one or several nucleotides. Such as by unequal 
recombination or gene conversion, resulting in an interrup 
tion of the coding sequence of the gene; duplication of all or 
a part of the gene; transposition of all or a part of the gene; or 
rearrangement of all or a part of the gene. More than one Such 
change may be present in a single gene. Such sequence 
changes cause a difference in the polypeptide encoded by a 
TCF7L2 nucleic acid. For example, if the difference is a 
frame shift change, the frame shift can resultina change in the 
encoded amino acids, and/or can result in the generation of a 
premature stop codon, causing generation of a truncated 
polypeptide. Alternatively, a polymorphism associated with a 
disease or condition or a susceptibility to a disease or condi 
tion associated with a TCF7L2 nucleic acid can be a synony 
mous alteration in one or more nucleotides (i.e., an alteration 
that does not result in a change in the polypeptide encoded by 
a TCF7L2 nucleic acid). Such a polymorphism may alter 
splicing sites, affect the stability or transport of mRNA, or 
otherwise affect the transcription or translation of the gene. A 
TCF7L2 nucleic acid that has any of the changes or alter 
ations described above is referred to herein as an “altered 
nucleic acid.” 

0023. In a first method of diagnosing a susceptibility to 
type II diabetes, hybridization methods, such as Southern 
analysis, Northern analysis, or in situ hybridizations, can be 
used (see Current Protocols in Molecular Biology, Ausubel, 
F. et al., eds, John Wiley & Sons, including all supplements 
through 1999). For example, a biological sample (a “test 
sample') from a test subject (the “test individual') of 
genomic DNA, RNA, or cDNA, is obtained from an indi 
vidual (RNA and cDNA can only be used for exonic markers), 
Such as an individual Suspected of having, being Susceptible 
to or predisposed for, or carrying a defect for, type II diabetes. 
The individual can be an adult, child, or fetus. The test sample 
can be from any source which contains genomic DNA, such 
as a blood sample, sample of amniotic fluid, Sample of cere 
broSpinal fluid, or tissue sample from skin, muscle, buccal or 
conjunctival mucosa, placenta, gastrointestinal tract or other 
organs. A test sample of DNA from fetal cells or tissue can be 
obtained by appropriate methods, such as by amniocentesis or 
chorionic villus sampling. The DNA, RNA, or cDNA sample 
is then examined to determine whether a polymorphism in a 
TCF7L2 nucleic acid is present, and/or to determine which 
splicing variant(s) encoded by the TCF7L2 is present. The 
presence of the polymorphism or splicing variant(s) can be 
indicated by hybridization of the gene in the genomic DNA, 
RNA, or cDNA to a nucleic acid probe. A “nucleic acid 
probe’, as used herein, can be a DNA probe oran RNA probe; 
the nucleic acid probe can contain, for example, at least one 
polymorphism in a TCF7L2 nucleic acid and/or contain a 
nucleic acid encoding a particular splicing variant of a 
TCF7L2 nucleic acid. The probe can be any of the nucleic 
acid molecules described above (e.g., the gene or nucleic 
acid, afragment, a vector comprising the gene or nucleic acid, 
a probe or primer, etc.). 
0024. To diagnose a susceptibility to type II diabetes, a 
hybridization sample can be formed by contacting the test 
sample containing a TCF7L2 nucleic acid with at least one 
nucleic acid probe. A preferred probe for detecting mRNA or 
genomic DNA is a labeled nucleic acid probe capable of 
hybridizing to mRNA or genomic DNA sequences described 
herein. The nucleic acid probe can be, for example, a full 
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length nucleic acid molecule, or a portion thereof. Such as an 
oligonucleotide of at least 15, 30, 50, 100, 250 or 500 nucle 
otides in length and sufficient to specifically hybridize under 
stringent conditions to appropriate mRNA or genomic DNA. 
Suitable probes for use in the diagnostic assays of the inven 
tion are described above (see e.g., probes and primers dis 
cussed under the heading, "Nucleic Acids of the Invention'). 
0025. The hybridization sample is maintained under con 
ditions that are sufficient to allow specific hybridization of the 
nucleic acid probe to a TCF7L2 nucleic acid. “Specific 
hybridization', as used herein, indicates exact hybridization 
(e.g., with no mismatches). Specific hybridization can be 
performed under high Stringency conditions or moderate 
stringency conditions, for example, as described above. In a 
particularly preferred aspect, the hybridization conditions for 
specific hybridization are high Stringency. 
0026 Specific hybridization, if present, is then detected 
using standard methods. If specific hybridization occurs 
between the nucleic acid probe and TCF7L2 nucleic acid in 
the test sample, then the TCF7L2 has the polymorphism, or is 
the splicing variant, that is present in the nucleic acid probe. 
More than one nucleic acid probe can also be used concur 
rently in this method. Specific hybridization of any one of the 
nucleic acid probes is indicative of a polymorphism in the 
TCF7L2 nucleic acid, or of the presence of a particular splic 
ing variant encoding the TCF7L2 nucleic acid and can be 
diagnostic for a susceptibility to type II diabetes, or for a 
decreased susceptibility to type II diabetes (or indicative of a 
protective allele against type II diabetes). 
0027. In Northern analysis (see Current Protocols in 
Molecular Biology, Ausubel, F. et al., eds. John Wiley & 
Sons, supra) the hybridization methods described above are 
used to identify the presence of a polymorphism or a particu 
lar splicing variant, associated with a susceptibility to type II 
diabetes or associated with a decreased Susceptibility to type 
II diabetes. For Northern analysis, a test sample of RNA is 
obtained from the individual by appropriate means. Specific 
hybridization of a nucleic acid probe, as described above, to 
RNA from the individual is indicative of a polymorphism in a 
TCF7L2 nucleic acid, or of the presence of a particular splic 
ing variant encoded by a TCF7L2 nucleic acid and is therefore 
diagnostic for the susceptibility to type II diabetes or the 
decreased susceptibility to type II diabetes (or indicative of a 
protective allele against type II diabetes). 
0028. For representative examples of use of nucleic acid 
probes, see, for example, U.S. Pat. Nos. 5.288,611 and 4,851, 
330. 
0029. Alternatively, a peptide nucleic acid (PNA) probe 
can be used instead of a nucleic acid probe in the hybridiza 
tion methods described above. PNA is a DNA mimic having 
a peptide-like, inorganic backbone, such as N-(2-aminoethyl) 
glycine units, with an organic base (A, G, C, Tor U) attached 
to the glycine nitrogen via a methylene carbonyl linker (see, 
for example, Nielsen, P. E. et al., Bioconjugate Chemistry 5, 
American Chemical Society, p. 1 (1994). The PNA probe can 
be designed to specifically hybridize to a TCF7L2 nucleic 
acid. Hybridization of the PNA probe to a TCF7L2 nucleic 
acid can be diagnostic for a susceptibility to type II diabetes or 
decreased susceptibility to type II diabetes (or indicative of a 
protective allele against type II diabetes). 
0030. In another method of the invention, alteration analy 
sis by restriction digestion can be used to detect an alteration 
in the gene, if the alteration (mutation) or polymorphism in 
the gene results in the creation or elimination of a restriction 
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site. A test sample containing genomic DNA is obtained from 
the individual. Polymerase chain reaction (PCR) can be used 
to amplify a TCF7L2 nucleic acid (and, if necessary, the 
flanking sequences) in the test sample of genomic DNA from 
the test individual. RFLP analysis is conducted as described 
(see Current Protocols in Molecular Biology, supra). The 
digestion pattern of the relevant DNA fragment indicates the 
presence or absence of the alteration or polymorphism in the 
TCF7L2 nucleic acid, and therefore indicates the presence or 
absence a susceptibility to type II diabetes or a decreased 
susceptibility to type II diabetes (or indicative of a protective 
allele against type II diabetes). 
0031 Sequence analysis can also be used to detect specific 
polymorphisms in a TCF7L2 nucleic acid. A test sample of 
DNA or RNA is obtained from the test individual. PCR or 
other appropriate methods can be used to amplify the gene or 
nucleic acid, and/or its flanking sequences, if desired. The 
sequence of a TCF7L2 nucleic acid, or a fragment of the 
nucleic acid, or cDNA, or fragment of the cDNA, or mRNA, 
or fragment of the mRNA, is determined, using standard 
methods. The sequence of the nucleic acid, nucleic acid frag 
ment, cDNA, cDNA fragment, mRNA, or mRNA fragment is 
compared with the known nucleic acid sequence of the gene 
or cDNA or mRNA, as appropriate. The presence of a poly 
morphism in the TCF7L2 indicates that the individual has a 
susceptibility to type II diabetes or a decreased susceptibility 
to type II diabetes (or indicative of a protective allele against 
type II diabetes). 
0032 Allele-specific oligonucleotides can also be used to 
detect the presence of a polymorphism in a TCF7L2 nucleic 
acid, through the use of dot-blot hybridization of amplified 
oligonucleotides with allele-specific oligonucleotide (ASO) 
probes (see, for example, Saiki, R. et al., Nature 324:163–166 
(1986)). An “allele-specific oligonucleotide' (also referred to 
herein as an “allele-specific oligonucleotide probe') is an 
oligonucleotide of approximately 10-50 base pairs, prefer 
ably approximately 15-30 base pairs, that specifically hybrid 
izes to a TCF7L2 nucleic acid, and that contains a polymor 
phism associated with a susceptibility to type II diabetes or a 
polymorphism associated with a decreased susceptibility to 
type II diabetes (or indicative of a protective allele against 
type II diabetes). An allele-specific oligonucleotide probe 
that is specific for particular polymorphisms in a TCF7L2 
nucleic acid can be prepared, using standard methods (see 
Current Protocols in Molecular Biology, supra). To identify 
polymorphisms in the gene that are associated with type II 
diabetes, a test sample of DNA is obtained from the indi 
vidual. PCR can be used to amplify all or a fragment of a 
TCF7L2 nucleic acid and its flanking sequences. The DNA 
containing the amplified TCF7L2 nucleic acid (or fragment 
of the gene or nucleic acid) is dot-blotted, using standard 
methods (see Current Protocols in Molecular Biology, 
Supra), and the blot is contacted with the oligonucleotide 
probe. The presence of specific hybridization of the probe to 
the amplified TCF7L2 nucleic acid is then detected. Hybrid 
ization of an allele-specific oligonucleotide probe to DNA 
from the individual is indicative of a polymorphism in the 
TCF7L2 nucleic acid, and is therefore indicative of suscepti 
bility to type II diabetes or is indicative of decreased suscep 
tibility to type II diabetes (or indicative of a protective allele 
against type II diabetes). 
0033. The invention further provides allele-specific oligo 
nucleotides that hybridize to the reference or variant allele of 
a gene or nucleic acid comprising a single nucleotide poly 
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morphism or to the complement thereof. These oligonucle 
otides can be probes or primers. 
0034. An allele-specific primer hybridizes to a site on 
target DNA overlapping a polymorphism and only primes 
amplification of an allelic form to which the primer exhibits 
perfect complementarity. See Gibbs, Nucleic Acid Res. 17. 
2427-2448 (1989). This primer is used in conjunction with a 
second primer, which hybridizes at a distal site. Amplification 
proceeds from the two primers, resulting in a detectable prod 
uct, which indicates the particular allelic form is present. A 
control is usually performed with a second pair of primers, 
one of which shows a single base mismatch at the polymor 
phic site and the other of which exhibits perfect complemen 
tarity to a distal site. The single-base mismatch prevents 
amplification and no detectable product is formed. The 
method works best when the mismatch is included in the 
3'-most position of the oligonucleotide aligned with the poly 
morphism because this position is most destabilizing to elon 
gation from the primer (see, e.g., WO 93/224.56). 
0035. With the addition of such analogs as locked nucleic 
acids (LNAs), the size of primers and probes can be reduced 
to as few as 8 bases. LNAs are a novel class of bicyclic DNA 
analogs in which the 2' and 4'positions in the furanose ring are 
joined via an O-methylene (oxy-LNA), S-methylene (thio 
LNA), or amino methylene (amino-LNA) moiety. Common 
to all of these LNA variants is an affinity toward complemen 
tary nucleic acids, which is by far the highest reported for a 
DNA analog. For example, particular all oxy-LNA nonamers 
have been shown to have melting temperatures of 64EC and 
74EC when in complex with complementary DNA or RNA, 
respectively, as opposed to 28EC for both DNA and RNA for 
the corresponding DNA nonamer. Substantial increases in T. 
are also obtained when LNA monomers are used in combi 
nation with standard DNA or RNA monomers. For primers 
and probes, depending on where the LNA monomers are 
included (e.g., the 3' end, the 5' end, or in the middle), the T. 
could be increased considerably. 
0036. In another aspect, arrays of oligonucleotide probes 
that are complementary to target nucleic acid sequence seg 
ments from an individual can be used to identify polymor 
phisms in a TCF7L2 nucleic acid. For example, in one aspect, 
an oligonucleotide array can be used. Oligonucleotide arrays 
typically comprise a plurality of different oligonucleotide 
probes that are coupled to a surface of a substrate in different 
known locations. These oligonucleotide arrays, also 
described as “GenechipsTM, have been generally described 
in the art, for example, U.S. Pat. No. 5,143,854 and PCT 
patent publication Nos. WO 90/15070 and 92/10092. These 
arrays can generally be produced using mechanical synthesis 
methods or light directed synthesis methods that incorporate 
a combination of photolithographic methods and solid phase 
oligonucleotide synthesis methods. See Fodor et al., Science 
251:767-777 (1991), Pirrung et al., U.S. Pat. No. 5,143,854 
(see also PCT Application No. WO 90/15070) and Fodor et 
al., PCT Publication No. WO 92/10092 and U.S. Pat. No. 
5,424,186, the entire teachings are incorporated by reference 
herein. Techniques for the synthesis of these arrays using 
mechanical synthesis methods are described in, e.g., U.S. Pat. 
No. 5,384.261; the entire teachings are incorporated by ref 
erence herein. In another example, linear arrays can be uti 
lized. 
0037. Once an oligonucleotide array is prepared, a nucleic 
acid of interest is hybridized with the array and scanned for 
polymorphisms. Hybridization and Scanning are generally 
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carried out by methods described herein and also in, e.g., 
published PCT Application Nos. WO 92/10092 and WO 
95/11995, and U.S. Pat. No. 5,424,186, the entire teachings 
are incorporated by reference herein. In brief, a target nucleic 
acid sequence that includes one or more previously identified 
polymorphic markers is amplified by well-known amplifica 
tion techniques, e.g., PCR. Typically, this involves the use of 
primer sequences that are complementary to the two strands 
of the target sequence both upstream and downstream from 
the polymorphism. Asymmetric PCR techniques may also be 
used. Amplified target, generally incorporating a label, is then 
hybridized with the array under appropriate conditions. Upon 
completion of hybridization and washing of the array, the 
array is scanned to determine the position on the array to 
which the target sequence hybridizes. The hybridization data 
obtained from the scan is typically in the form of fluorescence 
intensities as a function of location on the array. 
0038 Although primarily described in terms of a single 
detection block, e.g., for detecting a single polymorphism, 
arrays can include multiple detection blocks, and thus be 
capable of analyzing multiple, specific polymorphisms. In 
alternative aspects, it will generally be understood that detec 
tion blocks may be grouped within a single array or in mul 
tiple, separate arrays so that varying, optimal conditions may 
be used during the hybridization of the target to the array. For 
example, it may often be desirable to provide for the detection 
of those polymorphisms that fall within G-Crich stretches of 
agenomic sequence, separately from those falling in A-Trich 
segments. This allows for the separate optimization of hybrid 
ization conditions for each situation. Additional uses of oli 
gonucleotide arrays for polymorphism detection can be 
found, for example, in U.S. Pat. Nos. 5,858,659 and 5,837, 
832, the entire teachings of which are incorporated by refer 
ence herein. Other methods of nucleic acid analysis can be 
used to detect polymorphisms in a type II diabetes gene or 
variants encoded by a type II diabetes gene. Representative 
methods include direct manual sequencing (Church and Gil 
bert, Proc. Natl. Acad. Sci. USA 81: 1991-1995 (1988); 
Sanger, F. et al., Proc. Natl. Acad. Sci. USA 74:5463-5467 
(1977); Beavis et al., U.S. Pat. No. 5,288,644); automated 
fluorescent sequencing; single-stranded conformation poly 
morphism assays (SSCP); clamped denaturing gel electro 
phoresis (CDGE); denaturing gradient gel electrophoresis 
(DGGE) (Sheffield, V. C. et al., Proc. Natl. Acad. Sci. USA 
86:232-236 (1989)), mobility shift analysis (Orita, M. et al., 
Proc. Natl. Acad. Sci. USA 86:2766-2770 (1989)), restriction 
enzyme analysis (Flavell et al., Cell 15:25 (1978); Geever, et 
al., Proc. Natl. Acad. Sci. USA 78:5081 (1981)); heteroduplex 
analysis; chemical mismatch cleavage (CMC) (Cotton et al., 
Proc. Natl. Acad. Sci. USA 85.4397–4401 (1985)); RNase 
protection assays (Myers, R. M. et al., Science 230:1242 
(1985)); use of polypeptides which recognize nucleotide mis 
matches, such as E. colimutS protein; allele-specific PCR, for 
example. 
0039. In one aspect of the invention, diagnosis of a sus 
ceptibility to type II diabetes, or of a decreased susceptibility 
to type II diabetes (or indicative of a protective allele against 
type II diabetes), can also be made by expression analysis by 
quantitative PCR (kinetic thermal cycling). This technique, 
utilizing TaqMan(R) assays, can assess the presence of an 
alteration in the expression or composition of the polypeptide 
encoded by a TCF7L2 nucleic acid or splicing variants 
encoded by a TCF7L2 nucleic acid. TaqMan(R) probes can 
also be used to allow the identification of polymorphisms and 
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whether a patient is homozygous or heterozygous. Further, 
the expression of the variants can be quantified as physically 
or functionally different. 
0040. In another aspect of the invention, diagnosis of a 
susceptibility to type II diabetes or of a decreased suscepti 
bility to type II diabetes (or indicative of a protective allele 
against type II diabetes), can be made by examining expres 
sion and/or composition of a TCF7L2 polypeptide, by a vari 
ety of methods, including enzyme linked immunosorbent 
assays (ELISAS), Western blots, immunoprecipitations and 
immunofluorescence. A test sample from an individual is 
assessed for the presence of an alteration in the expression 
and/or an alteration in composition of the polypeptide 
encoded by a TCF7L2 nucleic acid, or for the presence of a 
particular variant encoded by a TCF7L2 nucleic acid. An 
alteration in expression of a polypeptide encoded by a 
TCF7L2 nucleic acid can be, for example, an alteration in the 
quantitative polypeptide expression (i.e., the amount of 
polypeptide produced); an alteration in the composition of a 
polypeptide encoded by a TCF7L2 nucleic acid is an alter 
ation in the qualitative polypeptide expression (e.g., expres 
sion of an altered TCF7L2 polypeptide or of a different splic 
ing variant). In a preferred aspect, diagnosis of a 
susceptibility to type II diabetes or of a decreased suscepti 
bility to type II diabetes can be made by detecting a particular 
splicing variant encoded by that TCF7L2 nucleic acid, or a 
particular pattern of splicing variants. 
0041. Both such alterations (quantitative and qualitative) 
can also be present. The term “alteration” in the polypeptide 
expression or composition, as used herein, refers to an alter 
ation in expression or composition in a test sample, as com 
pared with the expression or composition of polypeptide by a 
TCF7L2 nucleic acid in a control sample. A control sample is 
a sample that corresponds to the test sample (e.g., is from the 
same type of cells), and is from an individual who is not 
affected by a susceptibility to type II diabetes. An alteration in 
the expression or composition of the polypeptide in the test 
sample, as compared with the control sample, is indicative of 
a susceptibility to type II diabetes. Similarly, the presence of 
one or more different splicing variants in the test sample, or 
the presence of significantly different amounts of different 
splicing variants in the test sample, as compared with the 
control sample, is indicative of a Susceptibility to type II 
diabetes. Various means of examining expression or compo 
sition of the polypeptide encoded by a TCF7L2 nucleic acid 
can be used, including: spectroscopy, colorimetry, electro 
phoresis, isoelectric focusing, and immunoassays (e.g., 
David et al., U.S. Pat. No. 4,376,110) such as immunoblotting 
(see also Current Protocols in Molecular Biology, particu 
larly Chapter 10). For example, in one aspect, an antibody 
capable of binding to the polypeptide (e.g., as described 
above), preferably an antibody with a detectable label, can be 
used. Antibodies can be polyclonal, or more preferably, 
monoclonal. An intact antibody, or a fragment thereof (e.g., 
Fab or F(ab')) can be used. The term “labeled', with regard 
to the probe or antibody, is intended to encompass direct 
labeling of the probe orantibody by coupling (i.e., physically 
linking) a detectable Substance to the probe or antibody, as 
well as indirect labeling of the probe or antibody by reactivity 
with another reagent that is directly labeled. Examples of 
indirect labeling include detection of a primary antibody 
using a fluorescently labeled secondary antibody and end 
labeling a DNA probe with biotin such that it can be detected 
with fluorescently labeled streptavidin. 
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0042 Western blotting analysis, using an antibody as 
described above that specifically binds to a polypeptide 
encoded by an altered TCF7L2 nucleic acid or an antibody 
that specifically binds to a polypeptide encoded by a non 
altered nucleic acid, or an antibody that specifically binds to 
a particular splicing variant encoded by a nucleic acid, can be 
used to identify the presence in a test sample of a particular 
splicing variant or of a polypeptide encoded by a polymorphic 
or altered TCF7L2 nucleic acid, or the absence in a test 
sample of a particular splicing variant or of a polypeptide 
encoded by a non-polymorphic or non-altered nucleic acid. 
The presence of a polypeptide encoded by a polymorphic or 
altered nucleic acid, or the absence of a polypeptide encoded 
by a non-polymorphic or non-altered nucleic acid, is diagnos 
tic for a susceptibility to type II diabetes, as is the presence (or 
absence) of particular splicing variants encoded by the 
TCF7L2 nucleic acid. 
0043. In one aspect of this method, the level or amount of 
polypeptide encoded by a TCF7L2 nucleic acid in a test 
sample is compared with the level or amount of the polypep 
tide encoded by the TCF7L2 in a control sample. A level or 
amount of the polypeptide in the test sample that is higher or 
lower than the level or amount of the polypeptide in the 
control sample, Such that the difference is statistically signifi 
cant, is indicative of an alteration in the expression of the 
polypeptide encoded by the TCF7L2 nucleic acid, and is 
diagnostic for a Susceptibility to type II diabetes. Alterna 
tively, the composition of the polypeptide encoded by a 
TCF7L2 nucleic acid in a test sample is compared with the 
composition of the polypeptide encoded by the TCF7L2 
nucleic acid in a control sample (e.g., the presence of different 
splicing variants). A difference in the composition of the 
polypeptide in the test sample, as compared with the compo 
sition of the polypeptide in the control sample, is diagnostic 
for a susceptibility to type II diabetes. In another aspect, both 
the level or amount and the composition of the polypeptide 
can be assessed in the test sample and in the control sample. 
A difference in the amount or level of the polypeptide in the 
test sample, compared to the control sample; a difference in 
composition in the test sample, compared to the control 
sample; or both a difference in the amount or level, and a 
difference in the composition, is indicative of a susceptibility 
to type II diabetes. 
0044) The same methods can conversely be used to iden 
tify the presence of a difference when compared to a control 
(disease) sample. A difference from the control is indicative 
of a decreased susceptibility to diabetes, and/or is indicative 
of a protective allele against type II diabetes. 

Assessment for Markers and Haplotypes 
0045 Populations of individuals exhibiting genetic diver 
sity do not have identical genomes. Rather, the genome exhib 
its sequence variability between individuals at many loca 
tions in the genome; in other words, there are many 
polymorphic sites in a population. In some instances, refer 
ence is made to different alleles at a polymorphic site without 
choosing a reference allele. Alternatively, a reference 
sequence can be referred to for a particular polymorphic site. 
The reference allele is sometimes referred to as the “wild 
type' allele and it usually is chosen as either the first 
sequenced allele or as the allele from a “non-affected indi 
vidual (e.g., an individual that does not display a disease or 
abnormal phenotype). Alleles that differ from the reference 
are referred to as “variant alleles. 
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0046 A“marker”, as described herein, refers to a genomic 
sequence characteristic of a particular variant allele (i.e. poly 
morphic site). The marker can comprise any allele of any 
variant type found in the genome, including SNPs, microsat 
ellites, insertions, deletions, duplications and translocations. 
0047 SNP nomenclature as reported herein refers to the 
official Reference SNP (rs) ID identification tag as assigned 
to each unique SNP by the National Center for Biotechno 
logical Information (NCBI). 
0048. A “haplotype.” as described herein, refers to a seg 
ment of a genomic DNA strand that is characterized by a 
specific combination of genetic markers (“alleles') arranged 
along the segment. In a certain embodiment, the haplotype 
can comprise one or more alleles, two or more alleles, three or 
more alleles, four or more alleles, or five or more alleles. The 
genetic markers are particular “alleles' at “polymorphic 
sites' associated with the exon 4 LD block of TCF7L2. As 
used herein, “exon 4 LD block of TCF7L2 refers to the LD 
block on Chr10q whithin which association of variants to type 
II diabetes is observed. NCBI Build 34 position of this LD 
block is from 114,413,084-114,488,013 bp. The term “sus 
ceptibility', as described herein, encompasses both increased 
Susceptibility and decreased Susceptibility. Thus, particular 
markers and/or haplotypes of the invention may be charac 
teristic of increased susceptibility of type II diabetes, as char 
acterized by a relative risk of greater than one. Markers and/or 
haplotypes that confer increased susceptibility of type II dia 
betes are furthermore considered to be "at-risk', as they con 
fer an increased risk of disease. Alternatively, the markers 
and/or haplotypes of the invention are characteristic of 
decreased susceptibility of type II diabetes, as characterized 
by a relative risk of less than one. 
0049. A nucleotide position at which more than one 
sequence is possible in a population (either a natural popula 
tion or a synthetic population, e.g., a library of synthetic 
molecules) is referred to herein as a “polymorphic site'. 
Where a polymorphic site is a single nucleotide in length, the 
site is referred to as a single nucleotide polymorphism 
(“SNP). For example, if at a particular chromosomal loca 
tion, one member of a population has an adenine and another 
member of the population has a thymine at the same position, 
then this position is a polymorphic site, and, more specifi 
cally, the polymorphic site is a SNP. Alleles for SNP markers 
as referred to herein refer to the bases A, C, G or T as they 
occurat the polymorphic site in the SNP assay employed. The 
person skilled in the art will realise that by assaying or reading 
the opposite Strand, the complementary allele can in each case 
be measured. Thus, for a polymorphic site containing an A/G 
polymorphism, the assay employed may either measure the 
percentage or ratio of the two bases possible, i.e. A and G. 
Alternatively, by designing an assay that determines the 
opposite strand on the DNA template, the percentage or ratio 
of the complementary bases T/C can be measured. Quantita 
tively (for example, in terms of relative risk), identical results 
would be obtained from measurement of either DNA strand 
(+ strand or - strand). Polymorphic sites can allow for differ 
ences in sequences based on Substitutions, insertions or dele 
tions. For example, a polymorphic microsatellite has multiple 
Small repeats of bases (such as CA repeats) at a particular site 
in which the number of repeat lengths varies in the general 
population. Each version of the sequence with respect to the 
polymorphic site is referred to herein as an “allele' of the 
polymorphic site. Thus, in the previous example, the SNP 
allows for both an adenine allele and a thymine allele. SNPs 
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and microsatellite markers located within the exon 4 LD 
block of TCF7L2 found to be associated with type II diabetes 
are described in Tables 2-7. 

0050 Typically, a reference sequence is referred to for a 
particular sequence. Alleles that differ from the reference are 
referred to as “variant alleles. For example, the reference 
genomic DNA sequence between positions 114413084 and 
11448.8013 of NCBI Build 34 (equals 74929 bp, or 74.9 kb), 
which refers to the location within Chromosome 10, is 
described herein as SEQ ID NO: 1. A variant sequence, as 
used herein, refers to a sequence that differs from SEQ ID 
NO: 1 but is otherwise substantially similar. The genetic 
markers that make up the haplotypes associated with the exon 
4 LD block of TCF7L2 are variants. Additional variants can 
include changes that affect a polypeptide, e.g., a polypeptide 
encoded by the TCF7L2 gene. These sequence differences, 
when compared to a reference nucleotide sequence, can 
include the insertion or deletion of a single nucleotide, or of 
more than one nucleotide. Such sequence differences may 
result in a frame shift; the change of at least one nucleotide, 
may result in a change in the encoded amino acid; the change 
of at least one nucleotide, may result in the generation of a 
premature stop codon; the deletion of several nucleotides, 
may result in a deletion of one or more amino acids encoded 
by the nucleotides; the insertion of one or several nucleotides, 
Such as by unequal recombination or gene conversion, may 
result in an interruption of the coding sequence of a reading 
frame; duplication of all or apart of a sequence; transposition; 
or a rearrangement of a nucleotide sequence, as described in 
detail herein. Such sequence changes alter the polypeptide 
encoded by the nucleic acid. For example, if the change in the 
nucleic acid sequence causes a frame shift, the frame shift can 
result in a change in the encoded amino acids, and/or can 
result in the generation of a premature stop codon, causing 
generation of a truncated polypeptide. Alternatively, a poly 
morphism associated with type II diabetes or a susceptibility 
to type II diabetes can be a synonymous change in one or more 
nucleotides (i.e., a change that does not result in a change in 
the amino acid sequence). Such a polymorphism can, for 
example, alter splice sites, affect the stability or transport of 
mRNA, or otherwise affect the transcription or translation of 
an encoded polypeptide. It can also alter DNA to increase the 
possibility that structural changes, such as amplifications or 
deletions, occur at the Somatic level in tumors. The polypep 
tide encoded by the reference nucleotide sequence is the 
“reference' polypeptide with a particular reference amino 
acid sequence, and polypeptides encoded by variant alleles 
are referred to as “variant polypeptides with variant amino 
acid sequences. 
0051 A polymorphic microsatellite has multiple small 
repeats of bases that are 2-8 nucleotides in length (Such as CA 
repeats) at a particular site, in which the number of repeat 
lengths varies in the general population. An indel is a common 
form of polymorphism comprising a small insertion or dele 
tion that is typically only a few nucleotides long. 
0.052 The haplotypes described herein are a combination 
of various genetic markers, e.g., SNPs and microsatellites, 
having particular alleles at polymorphic sites. The haplotypes 
can comprise a combination of various genetic markers, 
therefore, detecting haplotypes can be accomplished by 
methods known in the art for detecting sequences at polymor 
phic sites. For example, standard techniques for genotyping 
for the presence of SNPs and/or microsatellite markers can be 
used. Such as fluorescence-based techniques (Chen, X. et al., 
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Genome Res. 9(5): 492-98 (1999)), PCR, LCR, Nested PCR 
and other techniques for nucleic acid amplification. These 
markers and SNPs can be identified in at-risk haplotypes. 
Certain methods of identifying relevant markers and SNPs 
include the use of linkage disequilibrium (LD) and/or LOD 
SCOS. 

0053. In certain methods described herein, an individual 
who is at-risk for type II diabetes is an individual in whom an 
at-risk marker or haplotype is identified. In one aspect, the 
at-risk marker or haplotype is one that confers a significant 
increased risk (or susceptility) of type II diabetes. In one 
embodiment, significance associated with a marker or haplo 
type is measured by a relative risk. In a further embodiment, 
the significance is measured by a percentage. In one embodi 
ment, a significant increased risk is measured as a relative risk 
of at least about 1.2, including but not limited to: 1.2, 1.3, 1.4. 
1.5, 1.6, 1.7, 1.8 and 1.9. In a further embodiment, a relative 
risk of at least 1.2 is significant. In a further embodiment, a 
relative risk of at least about 1.5 is significant. In a further 
embodiment, a significant increase in risk is at least about 1.7 
is significant. In a further embodiment, a significant increase 
in risk is at least about 20%, including but not limited to about 
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 
75%, 80%, 85%, 90%, 95% and 98%. In a further embodi 
ment, a significant increase in risk is at least about 50%. 
0054. In other embodiments of the invention, the marker 
orhaplotype confers decreased risk (decreased susceptibility) 
of type II diabetes. In one embodiment, significant decreased 
risk is measured as a relative risk at less than 0.9, including 
but not limited to 0.9, 0.8, 0.7, 0.6,0.5, and 0.4. In a further 
embodiment, significant relative risk is less than 0.7. In 
another embodiment, the decreased in risk (or susceptibility) 
is at least about 20%, including but not limited to about 25%, 
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 
80%, 85%, 90%, 95% and 98%. In a further embodiment, a 
significant decrease in risk is at least about 30%. 
0055 Thus, the term “susceptibility to type II diabetes' 
indicates either an increased risk or Susceptility or a 
decreased risk or susceptibility of type II diabetes, by an 
amount that is significant, when a certain allele, marker, SNP 
or haplotype is present; significance is measured as indicated 
above. The terms “decreased risk”. “decreased susceptibil 
ity' and “protection against as used herein, indicate that the 
relative risk is decreased accordingly when a certain other 
allele, marker, SNP, and/or a certain other haplotype, is 
present. It is understood however, that identifying whether an 
increased or decreased risk is medically significant may also 
depend on a variety of factors, including the specific disease, 
the marker or haplotype, and often, environmental factors. 
0056. An at-risk marker or haplotype in, or comprising 
portions of the TCF7L2 gene, is one where the marker or 
haplotype is more frequently present in an individual at risk 
for type II diabetes (affected), compared to the frequency of 
its presence in a healthy individual (control), and wherein the 
presence of the marker or haplotype is indicative of Suscep 
tibility to type II diabetes. As an example of a simple test for 
correlation would be a Fisher-exact test on a two by two table. 
Given a cohort of chromosomes the two by two table is 
constructed out of the number of chromosomes that include 
both of the markers or haplotypes, one of the markers or 
haplotypes but not the other and neither of the markers or 
haplotypes. 
0057. In certain aspects of the invention, at-risk marker or 
haplotype is an at-risk marker or haplotype within or near 
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TCF7L2 that significantly correlates with type II diabetes. In 
other aspects, an at-risk marker or haplotype comprises an 
at-risk marker or haplotype within or near TCF7L2 that sig 
nificantly correlates with susceptibility to type II diabetes. In 
particular embodiments of the invention, the marker or hap 
lotype is associated with the exon 4 LD block of TCF7L2, as 
described herein. 
0.058 Standard techniques for genotyping for the presence 
of SNPs and/or microsatellite markers can be used, such as 
fluorescent based techniques (Chen, et al., Genome Res. 9. 
492 (1999)), PCR, LCR, Nested PCR and other techniques 
for nucleic acid amplification. 
0059. In a preferred aspect, the method comprises assess 
ing in an individual the presence or frequency of SNPs and/or 
microsatellites in, comprising portions of the TCF7L2 gene, 
wherein an excess or higher frequency of the SNPs and/or 
microsatellites compared to a healthy control individual is 
indicative that the individual is susceptible to type II diabetes. 
Such SNPs and markers can form haplotypes that can be used 
as screening tools. These markers and SNPs can be identified 
in at-risk haploptypes. For example, an at-risk haplotype can 
include microsatellite markers and/or SNPs such as marker 
DG10S478 and/or SNP rs12255372, rs7895340, 
rs 11196205, rs7901695, rs7903146, rs12243326 or 
rs4506565. The presence of an at-risk haplotype is indicative 
of increased susceptibility to type II diabetes, and therefore is 
indicative of an individual who falls within a target popula 
tion for the treatment methods described herein. 

Identification of Susceptibility Variants 
0060. The frequencies of haplotypes in the patient and the 
control groups can be estimated using an expectation-maxi 
mization algorithm (Dempster A. et al., J. R. Stat. Soc. B. 
39:1-38 (1977)). An implementation of this algorithm that 
can handle missing genotypes and uncertainty with the phase 
can be used. Under the null hypothesis, the patients and the 
controls are assumed to have identical frequencies. Using a 
likelihood approach, an alternative hypothesis is tested, 
where a candidate at-risk-haplotype, which can include the 
markers described herein, is allowed to have a higher fre 
quency in patients than controls, while the ratios of the fre 
quencies of other haplotypes are assumed to be the same in 
both groups. Likelihoods are maximized separately under 
both hypotheses and a corresponding 1-df likelihood ratio 
statistic is used to evaluate the statistical significance. 
0061. To look for at-risk and protective markers and hap 
lotypes within a linkage region, for example, association of 
all possible combinations of genotyped markers is studied, 
provided those markers span a practical region. The com 
bined patient and control groups can be randomly divided into 
two sets, equal in size to the original group of patients and 
controls. The marker and haplotype analysis is then repeated 
and the most significant p-value registered is determined. 
This randomization scheme can be repeated, for example, 
over 100 times to construct an empirical distribution of p-val 
ues. In a preferred embodiment, a p-value of <0.05 is indica 
tive of an significant marker and/or haplotype association. 
0062. A detailed discussion of haplotype analysis follows. 

Haplotype Analysis 

0063. One general approach to haplotype analysis 
involves using likelihood-based inference applied to NEsted 
MOdels (Gretarsdottir S., et al., Nat. Genet. 35:131-38 
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(2003)). The method is implemented in the program NEMO, 
which allows for many polymorphic markers, SNPs and mic 
rosatellites. The method and software are specifically 
designed for case-control studies where the purpose is to 
identify haplotype groups that confer different risks. It is also 
a tool for studying LD structures. In NEMO, maximum like 
lihood estimates, likelihood ratios and p-values are calculated 
directly, with the aid of the EM algorithm, for the observed 
data treating it as a missing-data problem. 

Measuring Information 

0064. Even though likelihood ratio tests based on likeli 
hoods computed directly for the observed data, which have 
captured the information loss due to uncertainty in phase and 
missing genotypes, can be relied on to give valid p-values, it 
would still be of interest to know how much information had 
been lost due to the information being incomplete. The infor 
mation measure for haplotype analysis is described in Nico 
lae and Kong (Technical Report 537, Department of Statis 
tics, University of Statistics, University of Chicago; 
Biometrics, 60(2):368-75 (2004)) as a natural extension of 
information measures defined for linkage analysis, and is 
implemented in NEMO. 

Statistical Analysis 

0065 For single marker association to the disease, the 
Fisher exact test can be used to calculate two-sided p-values 
for each individual allele. All p-values are presented unad 
justed for multiple comparisons unless specifically indicated. 
The presented frequencies (for microsatellites, SNPs and 
haplotypes) are allelic frequencies as opposed to carrier fre 
quencies. To minimize any bias due the relatedness of the 
patients who were recruited as families for the linkage analy 
sis, first and second-degree relatives can be eliminated from 
the patient list. Furthermore, the test can be repeated for 
association correcting for any remaining relatedness among 
the patients, by extending a variance adjustment procedure 
described in Risch, N. & Teng, J. (Genome Res., 8:1273-1288 
(1998)), DNA pooling (ibid) for sibships so that it can be 
applied to general familial relationships, and present both 
adjusted and unadjusted p-values for comparison. The differ 
ences are in general very Small as expected. To assess the 
significance of single-marker association corrected for mul 
tiple testing we can carry out a randomization test using the 
same genotype data. Cohorts of patients and controls can be 
randomized and the association analysis redone multiple 
times (e.g., up to 500,000 times) and the p-value is the frac 
tion of replications that produced a p-value for Some marker 
allele that is lower than or equal to the p-value we observed 
using the original patient and control cohorts. 
0066 For both single-marker and haplotype analyses, 
relative risk (RR) and the population attributable risk (PAR) 
can be calculated assuming a multiplicative model (haplotype 
relative risk model) (Terwilliger, J. D. & Ott, J., Hum. Hered. 
42:337-46 (1992) and Falk, C.T. & Rubinstein, P. Ann. Hum. 
Genet. 51 (Pt3):227-33 (1987)), i.e., that the risks of the two 
alleles/haplotypes a person carries multiply. For example, if 
RR is the risk of A relative to a, then the risk of a person 
homozygote AA will be RR times that of a heterozygote Aa 
and RR times that of a homozygote aa. The multiplicative 
model has a nice property that simplifies analysis and com 
putations-haplotypes are independent, i.e., in Hardy-Wein 
berg equilibrium, within the affected population as well as 
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within the control population. As a consequence, haplotype 
counts of the affecteds and controls each have multinomial 
distributions, but with different haplotype frequencies under 
the alternative hypothesis. Specifically, for two haplotypes, h, 
and he risk(h)/risk(h)-(f/p,)/(f/p), where f and p denote, 
respectively, frequencies in the affected population and in the 
control population. While there is some power loss if the true 
model is not multiplicative, the loss tends to be mild except 
for extreme cases. Most importantly, p-values are always 
valid since they are computed with respect to null hypothesis. 

Linkage Disequilibrium Using NEMO 

0067 LD between pairs of markers can be calculated 
using the standard definition of D' and R (Lewontin, R., 
Genetics 49:49-67 (1964); Hill, W.G. & Robertson, A. Theor: 
Appl. Genet. 22:226-231 (1968)). Using NEMO, frequencies 
of the two marker allele combinations are estimated by maxi 
mum likelihood and deviation from linkage equilibrium is 
evaluated by a likelihood ratio test. The definitions of D'and 
Rare extended to include microsatellites by averaging over 
the values for all possible allele combination of the two mark 
ers weighted by the marginal allele probabilities. When plot 
ting all marker combination to elucidate the LD structure in a 
particular region, we plot D' in the upper left corner and the 
p-value in the lower right corner. In the LD plots the markers 
can be plotted equidistant rather than according to their physi 
cal location, if desired. 

Statistical Methods for Linkage Analysis 
0068. Multipoint, affected-only allele-sharing methods 
can be used in the analyses to assess evidence for linkage. 
Results, both the LOD-score and the non-parametric linkage 
(NPL) score, can be obtained using the program Allegro 
(Gudbjartsson et al., Nat. Genet. 25:12-3 (2000)). Our base 
line linkage analysis uses the Spairs scoring function (Whit 
temore, A. S., Halpern, J. Biometrics 50:118-27 (1994): 
Kruglyak L. et al., Am. J. Hum. Genet. 58:1347-63 (1996)), 
the exponential allele-sharing model (Kong, A. and Cox, N.J., 
Am. J. Hum. Genet. 61:1179-88 (1997)) and a family weight 
ing scheme that is halfway, on the log-scale, between weight 
ing each affected pair equally and weighting each family 
equally. The information measure that we use is part of the 
Allegro program output and the information value equals Zero 
if the marker genotypes are completely uninformative and 
equals one if the genotypes determine the exact amount of 
allele sharing by decent among the affected relatives (Gretar 
sdottir et al., Am. J. Hum. Genet., 70:593-603 (2002)). The 
P-values were computed two different ways and the less 
significant result is reported here. The first P-value can be 
computed on the basis of large sample theory; the distribution 
of Z (2-log(10) LODI) approximates a standard normal 
variable under the null hypothesis of no linkage (Kong, A. and 
Cox, N.J., Am. J. Hum. Genet. 61:1179-88 (1997)). The sec 
ond P-value can be calculated by comparing the observed 
LOD-score with its complete data sampling distribution 
under the null hypothesis (e.g., Gudbartsson et al., Nat. 
Genet. 25:12-3 (2000)). When the data consist of more than a 
few families, these two P-values tend to be very similar. 

Haplotypes and “Haplotype Block” Definition of a Suscepti 
bility Locus 

0069. In certain embodiments, marker and haplotype 
analysis involves defining a candidate Susceptibility locus 
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based on “haplotype blocks” (also called “LD blocks”). It has 
been reported that portions of the human genome can be 
broken into series of discrete haplotype blocks containing a 
few common haplotypes; for these blocks, linkage disequi 
librium data provided little evidence indicating recombina 
tion (see, e.g., Wall. J.D. and Pritchard, J. K., Nature Reviews 
Genetics 4:587-597 (2003); Daly, M. et al., Nature Genet. 
29:229-232 (2001); Gabriel, S. B. et al., Science 296:2225 
2229 (2002); Patil, N. et al., Science 294:1719-1723 (2001); 
Dawson, E. et al., Nature 418:544-548 (2002); Phillips, M.S. 
et al., Nature Genet. 33:382-387 (2003)). 
0070 There are two main methods for defining these hap 
lotype blocks: blocks can be defined as regions of DNA that 
have limited haplotype diversity (see, e.g., Daly, M. et al., 
Nature Genet. 29:229-232 (2001); Patil, N. et al., Science 
2.94:1719-1723 (2001); Dawson. E. et al., Nature 418:544 
548 (2002); Zhang, K. et al., Proc. Natl. Acad. Sci. USA 
99:7335-7339 (2002)), or as regions between transition zones 
having extensive historical recombination, identified using 
linkage disequilibrium (see, e.g., Gabriel, S. B. et al., Science 
296:2225-2229 (2002); Phillips, M. S. et al., Nature Genet. 
33:382-387 (2003); Wang, N. et al., Am. J. Hum. Genet. 
71:1227-1234 (2002); Stumpf, M. P., and Goldstein, D. B., 
Curr. Biol. 13: 1-8 (2003)). As used herein, the terms “haplo 
type block” or “LD block” includes blocks defined by either 
characteristic. 
0071 Representative methods for identification of haplo 
type blocks are set forth, for example, in U.S. Published 
Patent Application Nos. 2003.0099964, 20030170665, 
20040023237 and 20040146870. Haplotype blocks can be 
used readily to map associations between phenotype and 
haplotype status. The main haplotypes can be identified in 
each haplotype block, and then a set of "tagging SNPs or 
markers (the smallest set of SNPs or markers needed to dis 
tinguish among the haplotypes) can then be identified. These 
tagging SNPs or markers can then be used in assessment of 
samples from groups of individuals, in order to identify asso 
ciation between phenotype and haplotype. If desired, neigh 
boring haplotype blocks can be assessed concurrently, as 
there may also exist linkage disequilibrium among the hap 
lotype blocks. 

Haplotypes and Diagnostics 

0072. As described herein, certain markers and haplotypes 
comprising Such markers are found to be useful for determi 
nation of Susceptibility to type II diabetes—i.e., they are 
found to be useful for diagnosing a Susceptibility to type II 
diabetes. Particular markers and haplotypes are found more 
frequently in individuals with type II diabetes than in indi 
viduals without type II diabetes. Therefore, these markers and 
haplotypes have predictive value for detecting type II diabe 
tes, or a susceptibility to type II diabetes, in an individual. 
Haplotype blocks (i.e. the exon 4 LD block of TCF7L2) 
comprising certain tagging markers, can be found more fre 
quently in individuals with type II diabetes than in individuals 
without type II diabetes. Therefore, these "at-risk” tagging 
markers within the haplotype block also have predictive value 
for detecting type II diabetes, or a susceptibility to type II 
diabetes, in an individual. “At-risk’ tagging markers within 
the haplotype or LD blocks can also include other markers 
that distinguish among the haplotypes, as these similarly have 
predictive value for detecting type II diabetes or a suscepti 
bility to type II diabetes. As a consequence of the haplotype 
block structure of the human genome, a large number of 
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markers or other variants and/or haplotypes comprising Such 
markers or variants in association with the haplotype block 
(LD block) may be found to be associated with a certain trait 
and/or phenotype. Thus, it is possible that markers and/or 
haplotypes residing within the exon 4 LD block of TCF7L2 as 
defined herein or in strong LD (characterized by r greater 
than 0.2) with the exon 4 LD block of TCF7L2 are associated 
with type II diabetes (i.e. they confer increased or decreased 
susceptibility of type II diabetes). This includes markers that 
are described herein (Table 6), but may also include other 
markers that are in strong LD (characterized by r greater than 
0.2) with one or more of the markers listed in Table 6. The 
identification of such additional variants can be achieved by 
methods well knownto those skilled in the art, for example by 
DNA sequencing of the LD block A genomic region in par 
ticular group of individuals, and the present invention also 
encompasses Such additional variants. 
0073. As described herein, certain markers within the 
exon 4LD block of TCF7L2 are found in decreased frequency 
in individuals with type II diabetes, and haplotypes compris 
ing two or more of those markers listed in Tables 13, 20 and 
21 are also found to be present at decreased frequency in 
individuals with type II diabetes. These markers and haplo 
types are thus protective for type II diabetes, i.e. they confer 
a decreased risk of individuals carrying these markers and/or 
haplotypes developing type II diabetes. 
0074 The haplotypes and markers described herein are, in 
Some cases, a combination of various genetic markers, e.g., 
SNPs and microsatellites. Therefore, detecting haplotypes 
can be accomplished by methods known in the art and/or 
described herein for detecting sequences at polymorphic 
sites. Furthermore, correlation between certain haplotypes or 
sets of markers and disease phenotype can be verified using 
standard techniques. A representative example of a simple 
test for correlation would be a Fisher-exact test on a two by 
two table. 

0075. In specific embodiments, a marker or haplotype 
associated with the exon 4 LD block of TCF7L2 is one in 
which the marker or haplotype is more frequently present in 
an individual at risk for type II diabetes (affected), compared 
to the frequency of its presence in a healthy individual (con 
trol), wherein the presence of the marker or haplotype is 
indicative of type II diabetes or a susceptibility to type II 
diabetes. In other embodiments, at-risk tagging markers in 
linkage disequilibrium with one or more markers associated 
with the exon 4 LD block of TCF7L2, are tagging markers 
that are more frequently present in an individual at risk for 
type II diabetes (affected), compared to the frequency of their 
presence in a healthy individual (control), wherein the pres 
ence of the tagging markers is indicative of increased Suscep 
tibility to type II diabetes. In a further embodiment, at-risk 
markers in linkage disequilibrium with one or more markers 
associated with the exon 4 LD block of TCF7L2, are markers 
that are more frequently present in an individual at risk for 
type II diabetes, compared to the frequency of their presence 
in a healthy individual (control), wherein the presence of the 
markers is indicative of susceptibility to type II diabetes. 
0076. In certain methods described herein, an individual 
who is at risk for type II diabetes is an individual in whom an 
at-risk marker or haplotype is identified. In one embodiment, 
the strength of the association of a marker or haplotype is 
measured by relative risk (RR). RR is the ratio of the inci 
dence of the condition among Subjects who carry one copy of 
the marker or haplotype to the incidence of the condition 
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among Subjects who do not carry the marker or haplotype. 
This ratio is equivalent to the ratio of the incidence of the 
condition among Subjects who carry two copies of the marker 
or haplotype to the incidence of the condition among Subjects 
who carry one copy of the marker or haplotype. In one 
embodiment, the marker or haplotype has a relative risk of at 
least 1.2. In other embodiments, the marker or haplotype has 
a relative risk of at least 1.3, at least 1.4, at least 1.5, at least 
2.0, at least 2.5, at least 3.0, at least 3.5, at least 4.0, or at least 
5.O. 

0077. In other methods of the invention, an individual who 
has a decreased risk (or deceased susceptibility) of type II 
diabetes is an individual in whom a protective marker or 
haplotype is identified. In such cases, the relative risk (RR) is 
less than unity. In one embodiment, the marker or haplotype 
has a relative risk of less than 0.9. In another embodiments, 
the marker orhaplotype has a relative risk of less than 0.8, less 
than 0.7, less than 0.6, less than 0.5 or less than 0.4. 

Utility of Genetic Testing 

0078. The knowledge about a genetic variant that confers 
a risk of developing type II diabetes offers the opportunity to 
apply a genetic-test to distinguish between individuals with 
increased risk of developing the disease (i.e. carriers of the 
at-risk variant) and those with decreased risk of developing 
the disease (i.e. carriers of the protective variant). The core 
values of genetic testing, for individuals belonging to both of 
the above mentioned groups, are the possibilities of being 
able to diagnose the disease at an early stage and provide 
information to the clinician about prognosis/aggressiveness 
of the disease in order to be able to apply the most appropriate 
treatment. For example, the application of a genetic test for 
type II diabetes can provide an opportunity for the detection 
of the disease at an earlier stage which may lead to the appli 
cation of therapeutic measures at an earlier stage, and thus can 
minimize the deleterious effects of the symptoms and serious 
health consequences conferred by type II diabetes. 

Methods of Therapy 

0079. In another embodiment of the invention, methods 
can be employed for the treatment of type II diabetes. The 
term “treatment as used herein, refers not only to ameliorat 
ing symptoms associated with type II diabetes, but also pre 
venting or delaying the onset of type II diabetes; lessening the 
severity or frequency of symptoms of type II diabetes; and/or 
also lessening the need for concomitant therapy with other 
drugs that ameliorate symptoms associated with type II dia 
betes. In one aspect, the individual to be treated is an indi 
vidual who is susceptible (at an increased risk) for type II 
diabetes (e.g., an individual having the presence of an allele 
other than a 0 allele in marker DG10S478; the presence of a 
Tallele in SNP rs12255372; the presence of an A allele in 
SNP rs7895.340; the presence of a C allele in SNP 
rs11 196205; the presence of a Callele in SNP rs7901695; the 
presence of a Tallele in SNP rs7903146; the presence of a C 
allele in SNP rs12243326; or the presence of an Tallele in 
SNP rS4506565. 

0080. In additional embodiments of the invention, meth 
ods can be employed for the treatment of other diseases or 
conditions associated with TCF7L2. A TCF7L2 therapeutic 
agent can be used both in methods of treatment of type II 
diabetes, as well as in methods of treatment of other diseases 
or conditions associated with TCF7L2. 
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I0081. The methods of treatment (prophylactic and/or 
therapeutic) utilize a TCF7L2 therapeutic agent. A “TCF7L2 
therapeutic agent' is an agent that alters (e.g., enhances or 
inhibits) polypeptide activity and/or nucleic acid expression 
of TCF7L2, either directly or indirectly (e.g., through altering 
activity or nucleic acid expression of a protein that interacts 
with TCF7L2, such as a protein in the Wnt signaling pathway 
or in the cadherin pathway (e.g., beta-catenin)). In certain 
embodiments, the TCF7L2 therapeutic agent alters activity 
and/or nucleic acid expression of TCF7L2. 
I0082 TCF7L2 therapeutic agents can alter TCF7L2 
polypeptide activity or nucleic acid expression by a variety of 
means, such as, for example, by providing additional 
TCF7L2 polypeptide or by upregulating the transcription or 
translation of the TCF7L2 nucleic acid; by altering posttrans 
lational processing of the TCF7L2 polypeptide; by altering 
transcription of TCF7L2 splicing variants; or by interfering 
with TCF7L2 polypeptide activity (e.g., by binding to a 
TCF7L2 polypeptide), or by binding to another polypeptide 
that interacts with TCF7L2, by altering (e.g., downregulat 
ing) the expression, transcription or translation of a TCF7L2 
nucleic acid, or by altering (e.g., agonizing or antagonizing) 
activity. 
I0083 Representative TCF7L2 therapeutic agents include 
the following: nucleic acids or fragments or derivatives 
thereof described herein, particularly nucleotides encoding 
the polypeptides described herein and vectors comprising 
Such nucleic acids (e.g., a gene, cDNA, and/or mRNA. Such 
as a nucleic acid encoding a TCF7L2 polypeptide or active 
fragment or derivative thereof, or an oligonucleotide; or a 
complement thereof, or fragments or derivatives thereof, and/ 
or other splicing variants encoded by a Type II diabetes 
nucleic acid, or fragments or derivatives thereof); polypep 
tides described herein and/or splicing variants encoded by the 
TCF7L2 nucleic acid or fragments or derivatives thereof; 
other polypeptides (e.g., TCF7L2 receptors); TCF7L2 bind 
ing agents; or agents that affect (e.g., increase or decrease) 
activity, antibodies, such as an antibody to an altered TCF7L2 
polypeptide, or an antibody to a non-altered TCF7L2 
polypeptide, or an antibody to a particular splicing variant 
encoded by a TCF7L2 nucleic acid as described above; pep 
tidomimetics; fusion proteins or prodrugs thereof. 
ribozymes; other Small molecules; and other agents that alter 
(e.g., enhance or inhibit) expression of a TCF7L2 nucleic 
acid, or that regulate transcription of TCF7L2 splicing vari 
ants (e.g., agents that affect which splicing variants are 
expressed, or that affect the amount of each splicing variant 
that is expressed). Additional representative TCF7L2 thera 
peutic agents include compounds that influence insulin sig 
naling and/or glucagons, GLP-1 or GIP signaling. More than 
one TCF7L2 therapeutic agent can be used concurrently, if 
desired. 

I0084. In preferred embodiments, the TCF7L2 therapeutic 
agent is an agent that interferes with the activity of TCF7L2, 
such as, for example, an agent that interferes with TCF7L2 
binding or interaction of TCF7L2 with beta-catenin (see, e.g., 
Fasolini, et al., J. Biol. Chem. 278(23):21092-06 (2003)) or 
with other proteins. Other TCF7L2 therapeutic agents include 
agents that affect the Wnt signaling pathway or agents that 
affect the cadherin pathway. Representative agents include 
agents such as those used for cancer therapy, including, for 
example, proteins such as the DKK proteins; the beta-catenin 
binding domain of APC, or Axin; factors such as IDAX, 
AXAM and ICAT; antisense oligonucleotides or RNA inter 
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ference (RNAi), such as with the use of Vitravene; oncolytic 
viral vectors; and other compounds (see, e.g., Luu et al., 
Current Cancer Drug Targets 4:6530671 (2004)); small mol 
ecule antagonists, including, for example, ZTM00990, 
PKF 118-310, PKF118-744, PKF115-584, PKF222-815, 
CGPO49090, NPDDG39.024, and NPDDG1.024 as 
described by Lepourcelet et al. (see, e.g., Lepourcelet et al., 
Cancer Call 5:91-102 (2004)); compounds described in U.S. 
Pat. No. 6,762,185; compounds described in US Patent appli 
cations 2004.0005313, 20040072831, 20040247593, or 
2005.0059628. Other representative TCF7L2 therapeutic 
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agents include gsk3 inhibitors, including, for example, those 
described in U.S. Pat. Nos. 6,057,117; 6,153,618; 6,417,185; 
6,465,231; 6,489,344; 6,512,102: 6,608,063: 6,716,624; 
6,800,632; and published US Patent applications 
20030008866; 20030077798; 2003.0130289; 20030207883: 
2000092535; and 200500851. The entire teachings of all of 
the references, patents and patent applications recited in the 
Specification are incorporated herein in their entirety. 
I0085 Additional representative TCF7L2 therapeutic 
agents are shown in the Agent Table, below. 

Compound name 
(generated using 
Autonom, ISIS Draw 

Agent table 

Compound version 2.5 from MDL Compound 
name(s) Information Systems) Company Reference Indications 

AR-O1334.18 1-(4-Methoxy-benzyl)-3- AstraZeneca AD 
(SN-4521) (5-nitro-thiazol-2-yl)- 

8 

AR-O25O28 NSD AstraZeneca 
CT98O23 N-4-(2,4-Dichloro- Chiron Corp non-insulin 

phenyl)-5-(1H-imidazol- dependent 
2-yl)-pyrimidin-2-yl)- diabetes 
N'-(5-nitro-pyridin-2- 
yl)-ethane-1,2-diamine 

CT 20026 NSD Chiron Corp Wagman et non-insulin 
al., Curr dependent 
Pharm. Des diabetes 
2004: 

10(10) 
1105-37 

CT-21022 NSD Chiron Corp non-insulin 
ependent 
iabetes 

CT 20014 NSD Chiron Corp non-insulin 
ependent 
iabetes 

CT-21018 NSD Chiron Corp non-insulin 
ependent 
iabetes 

CHIR-98O2S NSD Chiron Corp non-insulin 
ependent 
iabetes 

CHIR-99021 NSD Chiron Corp Wagman et non-insulin 
al., Curr ependent 
Pharm. Des iabetes 
2004: 
10(10) 
1105-37 

CrystalGenomics WO- iabetes 
and Yuyu 2004O65370 mellitus 

(Korea) 
CG-100179 NSD 

4-2-(4-Dimethylamino- Cyclacel Ltd. non-insulin 
3-nitro-phenylamino)- dependent 
pyrimidin-4-yl)-3,5- diabetes, 
dimethyl-1H-pyrrole-2- among others. 
carbonitrile 

NP-01139, 4-Benzyl-2-methyl- Neuropharma SA CNS disorders, 
NP-031112, 1,2,4thiadiazolidine- AD 
NP-03112, 3,5-dione 
NP-OO361 

3-9-Fluoro-2- 
(piperidine-1- 
carbonyl)-1,2,3,4- 
tetrahydro 
1,4-diazepino.6.7.1- 

hiindol-7-yl)-4- 
imidazol-2-apyridin 
3-yl-pyrrole-2,5-dione 

Eli Lilly & Co non-insulin 
dependent 
diabetes 
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-continued 

Agent table 

Compound name 
(generated using 
Autonom, ISIS Draw 
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Compound version 2.5 from MDL Compound 
name(s) Information Systems) Company Reference Indications 

GW-784752x, Cyclopentanecarboxylic GSK WO-03024447 non-insulin 
GW-784775, acid (6-pyridin-3-yl- (compound dependent 
SB-216763, furo2,3-dipyrimidin-4- referenced: diabetes, 
SB-415286 yl)-amide 4-2-(2- neurodegenerative 

bromophenyl)- disease 
4-(4- 
fluorophenyl)- 
1H 
imidazol-5- 
ylpyridine 

NNC-57-0511, 1-(4-Amino-furazan-3- Novo Nordisk non-insulin 
NNC-57-0545, yl)-5-piperidin-1- dependent 
NNC-57-0588 ylmethyl-1H- diabetes, 

1,2,3triazole-4- 
carboxylic acid 1 
pyridin-4-yl-meth-(E)- 
ylidenel-hydrazide 

CP-70949 NSD Pfizer Hypoglycemic 
agent 

VX-608 NSD Cerebrovascular 
ischemia, 
non-insulin 
dependent 
diabetes 

NSD Kinetek Nuclear factor 
kappa B 
modulator, 
Anti 
inflammatory, 
Cell cycle 
inhibitor, 
Glycogen 
synthase 
kinase-3beta 
inhibitor 

KP-403 class 
BYETTA Exenatide: C18H23NsoOo. S - Amylin, Eli non-insulin 
(exenatide) Amino acid Lilly & Co dependent 

sequence: H-His-Gly-Glu- diabetes 
Gly-Thr-Phe-Thr-Ser 
Asp-Leu-Ser-Lys-Gln 
Met-Glu-Glu-Glu-Ala 
Val-Arg-Leu-Phe-Ile 
Glu-Trp-Leu-Lys-Asn 
Gly-Gly-Pro-Ser-Ser 
Gly-Ala-Pro-Pro-Pro 
Ser-NH 

Vildagliptin NSD Novartis non-insulin 
(LAF237) dependent 

diabetes - 
DPP-4 
inhibitor 

NSD = No Structure disclosed (in Iddb3) 

I0086. The TCF7L2 therapeutic agent(s) are administered 
in a therapeutically effective amount (i.e., an amount that is 
sufficient for “treatment, as described above). The amount 
which will be therapeutically effective in the treatment of a 
particular individual's disorder or condition will depend on 
the symptoms and severity of the disease, and can be deter 
mined by standard clinical techniques. In addition, in vitro or 
in vivo assays may optionally be employed to help identify 
optimal dosage ranges. The precise dose to be employed in 
the formulation will also depend on the route of administra 
tion, and the seriousness of the disease or disorder, and should 

be decided according to the judgment of a practitioner and 
each patient's circumstances. Effective doses may be extrapo 
lated from dose-response curves derived from in vitro or 
animal model test systems. 
I0087. In one embodiment, a nucleic acid (e.g., a nucleic 
acid encoding a TCF7L2 polypeptide); or another nucleic 
acid that encodes a TCF7L2 polypeptide or a splicing variant, 
derivative or fragment thereof can be used, either alone or in 
a pharmaceutical composition as described above. For 
example, a TCF7L2 gene or nucleic acid or a cDNA encoding 
a TCF7L2 polypeptide, either by itself or included within a 
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vector, can be introduced into cells (either in vitro or in vivo) 
such that the cells produce native TCF7L2 polypeptide. If 
necessary, cells that have been transformed with the gene or 
cDNA or a vector comprising the gene, nucleic acid or cDNA 
can be introduced (or re-introduced) into an individual 
affected with the disease. Thus, cells which, in nature, lack 
native TCF7L2 expression and activity, or have altered 
TCF7L2 expression and activity, or have expression of a 
disease-associated TCF7L2 splicing variant, can be engi 
neered to express the TCF7L2 polypeptide or an active frag 
ment of the TCF7L2 polypeptide (or a different variant of the 
TCF7L2 polypeptide). In certain embodiments, nucleic acids 
encoding a TCF7L2 polypeptide, or an active fragment or 
derivative thereof, can be introduced into an expression vec 
tor, Such as a viral vector, and the vector can be introduced 
into appropriate cells in an animal. Other gene transfer sys 
tems, including viral and nonviral transfer systems, can be 
used. Alternatively, nonviral gene transfer methods. Such as 
calcium phosphate coprecipitation, mechanical techniques 
(e.g., microinjection); membrane fusion-mediated transfer 
via liposomes; or direct DNA uptake, can also be used. 
0088 Alternatively, in another embodiment of the inven 

tion, a nucleic acid of the invention; a nucleic acid comple 
mentary to a nucleic acid of the invention; or a portion of such 
a nucleic acid (e.g., an oligonucleotide as described below), 
can be used in “antisense therapy, in which a nucleic acid 
(e.g., an oligonucleotide) which specifically hybridizes to the 
mRNA and/or genomic DNA of a Type II diabetes gene is 
administered or generated in situ. The antisense nucleic acid 
that specifically hybridizes to the mRNA and/or DNA inhibits 
expression of the TCF7L2 polypeptide, e.g., by inhibiting 
translation and/or transcription. Binding of the antisense 
nucleic acid can be by conventional base pair complementa 
rity, or, for example, in the case of binding to DNA duplexes, 
through specific interaction in the major groove of the double 
helix. 

0089. An antisense construct of the present invention can 
be delivered, for example, as an expression plasmid as 
described above. When the plasmid is transcribed in the cell, 
it produces RNA that is complementary to a portion of the 
mRNA and/or DNA which encodes the TCF7L2 polypeptide. 
Alternatively, the antisense construct can be an oligonucle 
otide probe that is generated ex vivo and introduced into cells; 
it then inhibits expression by hybridizing with the mRNA 
and/or genomic DNA of the polypeptide. In one embodiment, 
the oligonucleotide probes are modified oligonucleotides, 
which are resistant to endogenous nucleases, e.g., exonu 
cleases and/or endonucleases, thereby rendering them stable 
in vivo. Exemplary nucleic acid molecules for use as anti 
sense oligonucleotides are phosphoramidate, phosphothioate 
and methylphosphonate analogs of DNA (see also U.S. Pat. 
Nos. 5,176,996; 5.264,564; and 5.256,775). Additionally, 
general approaches to constructing oligomers useful in anti 
sense therapy are also described, for example, by Vander Krol 
et al., (BioTechniques 6:958-976 (1988)); and Stein et al., 
(Cancer Res. 48:2659-2668 (1988)). With respect to anti 
sense DNA, oligodeoxyribonucleotides derived from the 
translation initiation site are preferred. 
0090. To perform antisense therapy, oligonucleotides 
(mRNA, cDNA or DNA) are designed that are complemen 
tary to mRNA encoding the TCF7L2 gene. The antisense 
oligonucleotides bind to TCF7L2 mRNA transcripts and pre 
vent translation. Absolute complementarity, although pre 
ferred, is not required. A sequence "complementary to a 
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portion of an RNA, as referred to herein, indicates that a 
sequence has sufficient complementarity to be able to hybrid 
ize with the RNA, forming a stable duplex; in the case of 
double-stranded antisense nucleic acids, a single strand of the 
duplex DNA may thus be tested, or triplex formation may be 
assayed. The ability to hybridize will depend on both the 
degree of complementarity and the length of the antisense 
nucleic acid, as described in detail above. Generally, the 
longer the hybridizing nucleic acid, the more base mis 
matches with an RNA it may contain and still form a stable 
duplex (or triplex, as the case may be). One skilled in the art 
can ascertain a tolerable degree of mismatch by use of stan 
dard procedures. 
0091. The oligonucleotides used in antisense therapy can 
be DNA, RNA, or chimeric mixtures or derivatives or modi 
fied versions thereof, single-stranded or double-stranded. The 
oligonucleotides can be modified at the base moiety, Sugar 
moiety, or phosphate backbone, for example, to improve sta 
bility of the molecule, hybridization, etc. The oligonucle 
otides can include other appended groups such as peptides 
(e.g. for targeting host cell receptors in vivo), or agents facili 
tating transport across the cell membrane (see, e.g., Letsinger 
et al., Proc. Natl. Acad. Sci. USA 86:6553-6556 (1989); 
Lemaitre et al., Proc. Natl. Acad. Sci. USA 84:648-652 
(1987); PCT International Publication NO: WO 88/09810) or 
the blood-brain barrier (see, e.g., PCT International Publica 
tion NO: WO 89/10134), or hybridization-triggered cleavage 
agents (see, e.g., Krol et al., BioTechniques 6:958-976 
(1988)) or intercalating agents. (See, e.g., Zon, Pharm. Res. 
5:539-549 (1988)). To this end, the oligonucleotide may be 
conjugated to another molecule (e.g., a peptide, hybridization 
triggered cross-linking agent, transport agent, hybridization 
triggered cleavage agent). 
0092. The antisense molecules are delivered to cells that 
express TCF7L2 in vivo. A number of methods can be used 
for delivering antisense DNA or RNA to cells; e.g., antisense 
molecules can be injected directly into the tissue site, or 
modified antisense molecules, designed to target the desired 
cells (e.g., antisense linked to peptides or antibodies that 
specifically bind receptors orantigens expressed on the target 
cell Surface) can be administered systematically. Alterna 
tively, in a preferred embodiment, a recombinant DNA con 
struct is utilized in which the antisense oligonucleotide is 
placed under the control of a strong promoter (e.g., pol III or 
pol II). The use of Such a construct to transfect target cells in 
the patient results in the transcription of sufficient amounts of 
single stranded RNAs that will form complementary base 
pairs with the endogenous TCF7L2 transcripts and thereby 
prevent translation of the TCF7L2 mRNA. For example, a 
vector can be introduced in vivo such that it is taken up by a 
cell and directs the transcription of an antisense RNA. Such a 
vector can remain episomal or become chromosomally inte 
grated, as long as it can be transcribed to produce the desired 
antisense RNA. Such vectors can be constructed by recom 
binant DNA technology methods standard in the art and 
described above. For example, a plasmid, cosmid, YAC or 
viral vector can be used to prepare the recombinant DNA 
construct that can be introduced directly into the tissue site. 
Alternatively, viral vectors can be used which selectively 
infect the desired tissue, in which case administration may be 
accomplished by another route (e.g., systemically). 
0093 Endogenous TCF7L2 polypeptide expression can 
also be reduced by inactivating or "knocking out the gene, 
nucleic acid or its promoter using targeted homologous 



US 2009/0275043 A1 

recombination (e.g., see Smithies et al., Nature 317:230-234 
(1985); Thomas & Capecchi, Cell 51:503–512 (1987); 
Thompson et al., Cell 5:313-321 (1989)). For example, an 
altered, non-functional gene or nucleic acid (or a completely 
unrelated DNA sequence) flanked by DNA homologous to 
the endogenous gene or nucleic acid (either the coding 
regions or regulatory regions of the nucleic acid) can be used, 
with or without a selectable marker and/or a negative select 
able marker, to transfect cells that express the gene or nucleic 
acid in vivo. Insertion of the DNA construct, via targeted 
homologous recombination, results in inactivation of the 
gene or nucleic acid. The recombinant DNA constructs can be 
directly administered or targeted to the required site in vivo 
using appropriate vectors, as described above. Alternatively, 
expression of non-altered genes or nucleic acids can be 
increased using a similar method: targeted homologous 
recombination can be used to insert a DNA construct com 
prising a non-altered functional gene or nucleic acid in place 
of an altered TCF7L2 in the cell, as described above. In 
another embodiment, targeted homologous recombination 
can be used to insert a DNA construct comprising a nucleic 
acid that encodes a Type II diabetes polypeptide variant that 
differs from that present in the cell. 
0094. Alternatively, endogenous TCF7L2 nucleic acid 
expression can be reduced by targeting deoxyribonucleotide 
sequences complementary to the regulatory region of a 
TCF7L2 nucleic acid (i.e., the TCF7L2 promoter and/or 
enhancers) to form triple helical structures that prevent tran 
scription of the TCF7L2 nucleic acid in target cells in the 
body. (See generally, Helene, C., Anticancer Drug Des., 6(6): 
569-84 (1991); Helene, C. et al., Ann. N.Y. Acad. Sci. 660:27 
36 (1992); and Maher, L. J., Bioassays 14(12):807-15 
(1992)). Likewise, the antisense constructs described herein, 
by antagonizing the normal biological activity of one of the 
TCF7L2 proteins, can be used in the manipulation of tissue, 
e.g., tissue differentiation, both in vivo and for ex vivo tissue 
cultures. Furthermore, the anti-sense techniques (e.g., micro 
injection of antisense molecules, or transfection with plas 
mids whose transcripts are anti-sense with regard to a Type II 
diabetes gene mRNA or gene sequence) can be used to inves 
tigate the role ofTCF7L2 or the interaction of TCF7L2 and its 
binding agents in developmental events, as well as the normal 
cellular function of TCF7L2 or of the interaction of TCF7L2 
and its binding agents in adult tissue. Such techniques can be 
utilized in cell culture, but can also be used in the creation of 
transgenic animals. 
0095. In yet another embodiment of the invention, other 
TCF7L2 therapeutic agents as described herein can also be 
used in the treatment of Type II diabetes gene. The therapeutic 
agents can be delivered in a composition, as described above, 
or by themselves. They can be administered systemically, or 
can be targeted to a particular tissue. The therapeutic agents 
can be produced by a variety of means, including chemical 
synthesis; recombinant production; in Vivo production (e.g., a 
transgenic animal, such as U.S. Pat. No. 4,873.316 to Meade 
et al.), for example, and can be isolated using standard means 
such as those described herein. 

0096. A combination of any of the above methods of treat 
ment (e.g., administration of non-altered polypeptide in con 
junction with antisense therapy targeting altered mRNA of 
TCF7L2; administration of a first splicing variant encoded by 
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a TCF7L2 nucleic acid in conjunction with antisense therapy 
targeting a second splicing encoded by a TCF7L2 nucleic 
acid) can also be used. 

Methods of Assessing Probability of Response to TCF7L2 
Therapeutic Agents 

0097. The present invention additionally pertains to meth 
ods of assessing an individual's probability of response to a 
TCF7L2 therapeutic agent. In the methods, markers or hap 
lotypes relating to the TCF7L2 gene are assessed, as 
described above in relation to assessing an individual for 
susceptibility to type II diabetes. The presence of an allele, 
marker, SNP or haplotype associated with susceptibility (in 
creased risk) for type II diabetes (e.g., an allele other than a 0 
allele in marker DG10S478; a Tallele in SNPrs 12255372; an 
A allele in SNP rs7895.340; a Callele in SNP rs11 196205; a 
Callele in SNP rs7901695; a Tallele in SNP rs7903 146; a C 
allele in SNP rs12243326; an Tallele in SNP rS4506565; a 
marker associated with the exon 4 LD block of TCF7L2, such 
as an at-risk haplotype associated with the exon 4 LD block of 
TCF7L2); is indicative of a probability of a positive response 
to a TCF7L2 therapeutic agent. 
(0098 “Probability of a positive response' indicates that 
the individual is more likely to have a positive response to a 
TCF7L2 therapeutic agent than an individual not having an 
allele, marker, SNP or haplotype associated with susceptibil 
ity (increased risk) for type II diabetes as described herein. A 
“positive response to a TCF7L2 therapeutic agent is a physi 
ological response that indicates treatment of type II diabetes. 
As described above, “treatment” refers not only to ameliorat 
ing symptoms associated with type II diabetes, but also pre 
venting ordelaying the onset of type II diabetes; lessening the 
severity or frequency of symptoms of type II diabetes; and/or 
also lessening the need for concomitant therapy with other 
drugs that ameliorate symptoms associated with type II dia 
betes. 

Pharmaceutical Compositions 
0099. The present invention also pertains to pharmaceuti 
cal compositions comprising agents that alter TCF7L2 activ 
ity or which otherwise affect the Wnt signaling pathway or the 
cadherin pathway, or which can be used as TCF7L2 thera 
peutic agents. The pharmaceutical compositions can be for 
mulated with a physiologically acceptable carrier or excipient 
to prepare a pharmaceutical composition. The carrier and 
composition can be sterile. The formulation should suit the 
mode of administration. 
0100 Suitable pharmaceutically acceptable carriers 
includebut are not limited to water, salt solutions (e.g., NaCl), 
saline, buffered saline, alcohols, glycerol, ethanol, gum ara 
bic, vegetable oils, benzyl alcohols, polyethylene glycols, 
gelatin, carbohydrates such as lactose, amylose or starch, 
dextrose, magnesium Stearate, talc, silicic acid, viscous par 
affin, perfume oil, fatty acid esters, hydroxymethylcellulose, 
polyvinyl pyrolidone, etc., as well as combinations thereof. 
The pharmaceutical preparations can, if desired, be mixed 
with auxiliary agents, e.g., lubricants, preservatives, stabiliz 
ers, wetting agents, emulsifiers, salts for influencing osmotic 
pressure, buffers, coloring, flavoring and/or aromatic Sub 
stances and the like which do not deleteriously react with the 
active agents. 
0101 The composition, if desired, can also contain minor 
amounts of wetting or emulsifying agents, or pH buffering 
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agents. The composition can be a liquid solution, Suspension, 
emulsion, tablet, pill, capsule, Sustained release formulation, 
or powder. The composition can be formulated as a Supposi 
tory, with traditional binders and carriers such as triglycer 
ides. Oral formulation can include standard carriers such as 
pharmaceutical grades of mannitol, lactose, starch, magne 
sium Stearate, polyvinyl pyrollidone, sodium saccharine, cel 
lulose, magnesium carbonate, etc. 
0102 Methods of introduction of these compositions 
include, but are not limited to, intradermal, intramuscular, 
intraperitoneal, intraocular, intravenous, Subcutaneous, topi 
cal, oral and intranasal. Other suitable methods of introduc 
tion can also include gene therapy (as described below), 
rechargeable or biodegradable devices, particle acceleration 
devises ('gene guns) and slow release polymeric devices. 
The pharmaceutical compositions of this invention can also 
be administered as part of a combinatorial therapy with other 
agents. 
0103) The composition can be formulated in accordance 
with the routine procedures as a pharmaceutical composition 
adapted for administration to human beings. For example, 
compositions for intravenous administration typically are 
Solutions in sterile isotonic aqueous buffer. Where necessary, 
the composition may also include a solubilizing agent and a 
local anesthetic to ease pain at the site of the injection. Gen 
erally, the ingredients are Supplied either separately or mixed 
together in unit dosage form, for example, as a dry lyophilized 
powder or water free concentrate in a hermetically sealed 
container such as an ampule or Sachette indicating the quan 
tity of active agent. Where the composition is to be adminis 
tered by infusion, it can be dispensed with an infusion bottle 
containing sterile pharmaceutical grade water, Saline or dex 
trose/water. Where the composition is administered by injec 
tion, an ampule of sterile water for injection or saline can be 
provided so that the ingredients may be mixed prior to admin 
istration. 
0104 For topical application, nonsprayable forms, vis 
cous to semi-solid or Solid forms comprising a carrier com 
patible with topical application and having a dynamic viscos 
ity preferably greater than water, can be employed. Suitable 
formulations include but are not limited to Solutions, Suspen 
sions, emulsions, creams, ointments, powders, enemas, 
lotions, Sols, liniments, salves, aerosols, etc., which are, if 
desired, Sterilized or mixed with auxiliary agents, e.g., pre 
servatives, stabilizers, wetting agents, buffers or salts for 
influencing osmotic pressure, etc. The agent may be incorpo 
rated into a cosmetic formulation. For topical application, 
also Suitable are sprayable aerosol preparations wherein the 
active ingredient, preferably in combination with a solid or 
liquidinert carrier material, is packaged in a squeeze bottle or 
in admixture with a pressurized volatile, normally gaseous 
propellant, e.g., pressurized air. 
0105 Agents described herein can be formulated as neu 

tral or salt forms. Pharmaceutically acceptable salts include 
those formed with free amino groups such as those derived 
from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, 
etc., and those formed with free carboxyl groups such as those 
derived from Sodium, potassium, ammonium, calcium, ferric 
hydroxides, isopropylamine, triethylamine, 2-ethylamino 
ethanol, histidine, procaine, etc. 
0106 The agents are administered in a therapeutically 
effective amount. The amount of agents which will be thera 
peutically effective depends in part on the nature of the dis 
order and/or extent of symptoms, and can be determined by 
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standard clinical techniques. In addition, in vitro or in vivo 
assays may optionally be employed to help identify optimal 
dosage ranges. The precise dose to be employed in the for 
mulation will also depend on the route of administration, and 
the seriousness of the symptoms, and should be decided 
according to the judgment of a practitioner and each patient's 
circumstances. Effective doses may be extrapolated from 
dose-response curves derived from in vitro or animal model 
test systems. 
0107 The invention also provides a pharmaceutical pack 
or kit comprising one or more containers filled with one or 
more of the ingredients of the pharmaceutical compositions 
of the invention. Optionally associated with Such container(s) 
can be a notice in the form prescribed by a governmental 
agency regulating the manufacture, use or sale of pharmaceu 
ticals or biological products, which notice reflects approval 
by the agency of manufacture, use of sale for human admin 
istration. The pack or kit can be labeled with information 
regarding mode of administration, sequence of drug admin 
istration (e.g., separately, sequentially or concurrently), or the 
like. The pack or kit may also include means for reminding 
the patient to take the therapy. The pack or kit can be a single 
unit dosage of the combination therapy or it can be a plurality 
of unit dosages. In particular, the agents can be separated, 
mixed together in any combination, present in a single vial or 
tablet. Agents assembled in ablister pack or other dispensing 
means is preferred. For the purpose of this invention, unit 
dosage is intended to mean a dosage that is dependent on the 
individual pharmacodynamics of each agent and adminis 
tered in FDA approved dosages in Standard time courses. 

Screening Assays and Agents Identified Thereby 
0108. The invention also provides methods for identifying 
agents (e.g., fusion proteins, polypeptides, peptidomimetics, 
prodrugs, receptors, binding agents, antibodies, Small mol 
ecules or other drugs, or ribozymes) which alter (e.g., 
increase or decrease) the activity of the TCF7L2, which oth 
erwise interact with TCF7L2 or with another member of the 
Wnt signaling pathway or the cadherin pathway (e.g., beta 
catenin). For example, in certain embodiments, such agents 
can be agents which bind to TCF7L2; which have a stimula 
tory or inhibitory effect on, for example, activity of TCF7L2: 
or which change (e.g., enhance or inhibit) the ability of 
TCF7L2 to interact with other members of the Wnt signaling 
pathway or with members of the cadherin pathway, or which 
alter posttranslational processing of TCF7L2. In other 
embodiments. Such agents can be agents which alteractivity 
or function of the Wnt signaling pathway or the cadherin 
pathway. 
0109. In one embodiment, the invention provides assays 
for screening candidate or test agents that bind to or modulate 
the activity of TCF7L2 protein (or biologically active portion 
(s) thereof), as well as agents identifiable by the assays. Test 
agents can be obtained using any of the numerous approaches 
in combinatorial library methods known in the art, including: 
biological libraries; spatially addressable parallel solid phase 
or solution phase libraries; synthetic library methods requir 
ing deconvolution; the one-bead one-compound library 
method; and synthetic library methods using affinity chroma 
tography selection. The biological library approach is limited 
to polypeptide libraries, while the other four approaches are 
applicable to polypeptide, non-peptide oligomer or Small 
molecule libraries of compounds (Lam, K. S., Anticancer 
Drug Des. 12:145 (1997)). 
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0110. In one embodiment, to identify agents which alter 
the activity of TCF7L2, a cell, cell lysate, or solution contain 
ing or expressing TCF7L2, or a fragment or derivative 
thereof, can be contacted with an agent to be tested; alterna 
tively, the protein can be contacted directly with the agent to 
be tested. The level (amount) of TCF7L2 activity is assessed 
(e.g., the level (amount) of TCF7L2 activity is measured, 
either directly or indirectly), and is compared with the level of 
activity in a control (i.e., the level of activity of the TCF7L2 
protein or active fragment or derivative thereof in the absence 
of the agent to be tested). If the level of the activity in the 
presence of the agent differs, by an amount that is statistically 
significant, from the level of the activity in the absence of the 
agent, then the agent is an agent that alters the activity of 
TCF7L2. An increase in the level of activity relative to a 
control, indicates that the agent is an agent that enhances (is 
an agonist of) activity. Similarly, a decrease in the level of 
activity relative to a control, indicates that the agent is an 
agent that inhibits (is an antagonist of) activity. In another 
embodiment, the levelofactivity of TCF7L2 or a derivative or 
fragment thereof in the presence of the agent to be tested, is 
compared with a control level that has previously been estab 
lished. A level of the activity in the presence of the agent that 
differs from the control level by an amount that is statistically 
significant indicates that the agent alters TCF7L2 activity. 
0111. The present invention also relates to an assay for 
identifying agents which alter the expression of the TCF7L2 
gene (e.g., antisense nucleic acids, fusion proteins, polypep 
tides, peptidomimetics, prodrugs, receptors, binding agents, 
antibodies, Small molecules or other drugs, or ribozymes) 
which alter (e.g., increase or decrease) expression (e.g., tran 
Scription or translation) of the gene or which otherwise inter 
act with TCF7L2, as well as agents identifiable by the assays. 
For example, a solution containing a nucleic acid encoding a 
TCF7L2 can be contacted with an agent to be tested. The 
Solution can comprise, for example, cells containing the 
nucleic acid or cell lysate containing the nucleic acid; alter 
natively, the solution can be another solution that comprises 
elements necessary for transcription/translation of the nucleic 
acid. Cells not suspended in Solution can also be employed, if 
desired. The level and/or pattern of TCF7L2 expression (e.g., 
the level and/or pattern of mRNA or of protein expressed, 
such as the level and/or pattern of different splicing variants) 
is assessed, and is compared with the level and/or pattern of 
expression in a control (i.e., the level and/or pattern of the 
TCF7L2 expression in the absence of the agent to be tested). 
If the level and/or pattern in the presence of the agent differs, 
by an amount or in a manner that is statistically significant, 
from the level and/or pattern in the absence of the agent, then 
the agent is an agent that alters the expression of a Type II 
diabetes gene. Enhancement of TCF7L2 expression indicates 
that the agent is an agonist of TCF7L2 activity. Similarly, 
inhibition of TCF7L2 expression indicates that the agent is an 
antagonist of TCF7L2 activity. In another embodiment, the 
leveland/or pattern of TCF7L2 polypeptide(s) (e.g., different 
splicing variants) in the presence of the agent to be tested, is 
compared with a control level and/or pattern that have previ 
ously been established. A level and/or pattern in the presence 
of the agent that differs from the control level and/or pattern 
by an amount or in a manner that is statistically significant 
indicates that the agent alters TCF7L2 expression. 
0112. In another embodiment of the invention, agents 
which alter the expression of TCF7L2 or which otherwise 
interact with TCF7L2 or with another member of the Wnt 
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signaling pathway or the cadherin pathway, can be identified 
using a cell, cell lysate, or Solution containing a nucleic acid 
encoding the promoter region of the TCF7L2 gene or nucleic 
acid operably linked to a reporter gene. After contact with an 
agent to be tested, the level of expression of the reporter gene 
(e.g., the level of mRNA or of protein expressed) is assessed, 
and is compared with the level of expression in a control (i.e., 
the level of the expression of the reporter gene in the absence 
of the agent to be tested). If the level in the presence of the 
agent differs, by an amount or in a manner that is statistically 
significant, from the level in the absence of the agent, then the 
agent is an agent that alters the expression of TCF7L2, as 
indicated by its ability to alter expression of a gene that is 
operably linked to the TCF7L2 gene promoter. Enhancement 
of the expression of the reporter indicates that the agent is an 
agonist of TCF7L2 activity. Similarly, inhibition of the 
expression of the reporter indicates that the agent is an 
antagonist of TCF7L2 activity. In another embodiment, the 
level of expression of the reporter in the presence of the agent 
to be tested is compared with a control level that has previ 
ously been established. A level in the presence of the agent 
that differs from the control level by an amount or in a manner 
that is statistically significant indicates that the agent alters 
expression. 
0113 Agents which alter the amounts of different splicing 
variants encoded by TCF7L2 (e.g., an agent which enhances 
activity of a first splicing variant, and which inhibits activity 
of a second splicing variant), as well as agents which are 
agonists of activity of a first splicing variant and antagonists 
ofactivity of a second splicing variant, can easily be identified 
using these methods described above. 
0114. In other embodiments of the invention, assays can 
be used to assess the impact of a test agent on the activity of 
a polypeptide in relation to a TCF7L2 binding agent. For 
example, a cell that expresses a compound that interacts with 
a TCF7L2 polypeptide (herein referred to as a “TCF7L2 
binding agent', which can be a polypeptide or other molecule 
that interacts directly or indirectly with a TCF7L2 polypep 
tide. Such as a member of the Wnt signaling pathway or a 
member of the cadherin pathway) is contacted with TCF7L2 
in the presence of a test agent, and the ability of the test agent 
to alter the interaction between the TCF7L2 and the TCF7L2 
binding agent is determined. Alternatively, a cell lysate or a 
Solution containing the TCF7L2 binding agent, can be used. 
An agent that binds to the TCF7L2 or the TCF7L2 binding 
agent can alter the interaction by interfering with, or enhanc 
ing the ability of the TCF7L2 to bind to, associate with, or 
otherwise interact with the TCF7L2 binding agent. Determin 
ing the ability of the test agent to bind to TCF7L2 or a 
TCF7L2 binding agent can be accomplished, for example, by 
coupling the test agent with a radioisotope or enzymatic label 
Such that binding of the test agent to the polypeptide can be 
determined by detecting the labeled with I, S, ''C or H, 
either directly or indirectly, and the radioisotope detected by 
direct counting of radioemission or by Scintillation counting. 
Alternatively, test agents can be enzymatically labeled with, 
for example, horseradish peroxidase, alkaline phosphatase, 
or luciferase, and the enzymatic label detected by determina 
tion of conversion of an appropriate Substrate to product. It is 
also within the scope of this invention to determine the ability 
of a test agent to interact with the polypeptide without the 
labeling of any of the interactants. For example, a micro 
physiometer can be used to detect the interaction of a test 
agent with TCF7L2 or a TCF7L2 binding agent without the 
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labeling of either the test agent, TCF7L2, or the TCF7L2 
binding agent. McConnell, H. M. et al., Science 257: 1906 
1912 (1992). As used herein, a “microphysiometer” (e.g., 
CytosensorTM) is an analytical instrument that measures the 
rate at which a cell acidifies its environment using a light 
addressable potentiometric sensor (LAPS). Changes in this 
acidification rate can be used as an indicator of the interaction 
between ligand and polypeptide. 
0115 Thus, these receptors can be used to screen for com 
pounds that are agonists or antagonists, for use in treating or 
studying a susceptibility to type II diabetes. Drugs could be 
designed to regulate TCF7L2 activation that in turn can be 
used to regulate signaling pathways and transcription events 
of genes downstream. 
0116. In another embodiment of the invention, assays can 
be used to identify polypeptides that interact with TCF7L2. 
For example, a yeast two-hybrid system such as that 
described by Fields and Song (Fields, S, and Song, O., Nature 
340:245–246 (1989)) can be used to identify polypeptides that 
interact with TCF7L2. In such a yeast two-hybrid system, 
vectors are constructed based on the flexibility of a transcrip 
tion factor that has two functional domains (a DNA binding 
domain and a transcription activation domain). If the two 
domains are separated but fused to two different proteins that 
interact with one another, transcriptional activation can be 
achieved, and transcription of specific markers (e.g., nutri 
tional markers such as His and Ade, or color markers such as 
lac7) can be used to identify the presence of interaction and 
transcriptional activation. For example, in the methods of the 
invention, a first vector is used which includes a nucleic acid 
encoding a DNA binding domain and also TCF7L2, splicing 
variant, or fragment or derivative thereof, and a second vector 
is used which includes a nucleic acid encoding a transcription 
activation domain and also a nucleic acid encoding a polypep 
tide which potentially may interact with TCF7L2 or a splicing 
variant, or fragment or derivative thereof. Incubation of yeast 
containing the first vector and the second vector under appro 
priate conditions (e.g., mating conditions such as used in the 
MatchmakerTM system from Clontech (Palo Alto, Calif., 
USA)) allows identification of colonies that express the mark 
ers of interest. These colonies can be examined to identify the 
polypeptide(s) that interact with TCF7L2 or fragment or 
derivative thereof. Such polypeptides can be used as agents 
that alter the activity of expression of TCF7L2, as described 
in relation to methods of treatment. 

0117. In more than one embodiment of the above assay 
methods of the present invention, it may be desirable to 
immobilize either the TCF7L2 gene, the TCF7L2 protein, the 
TCF7L2 binding agent (e.g., another member of the Wnt 
signaling pathway or member of the cadherin pathway), or 
other components of the assay on a solid Support, in order to 
facilitate separation of complexed from uncomplexed forms 
of one or both of the proteins, as well as to accommodate 
automation of the assay. Binding of a testagent to the protein, 
or interaction of the protein with a binding agent in the pres 
ence and absence of a test agent, can be accomplished in any 
vessel Suitable for containing the reactants. Examples of such 
vessels include microtitre plates, test tubes, and micro-cen 
trifuge tubes. In one embodiment, a fusion protein (e.g., a 
glutathione-S-transferase fusion protein) can be provided 
which adds a domain that allows TCF7L2, TCF7L2 protein, 
or a TCF7L2 binding agent to be bound to a matrix or other 
Solid Support. 
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0118. In another embodiment, modulators of expression 
of nucleic acid molecules of the invention are identified in a 
method wherein a cell, cell lysate, or solution containing 
TCF7L2 is contacted with a test agent and the expression of 
appropriate mRNA or polypeptide (e.g., splicing variant(s)) 
in the cell, cell lysate, or solution, is determined. The level of 
expression of appropriate mRNA or polypeptide(s) in the 
presence of the test agent is compared to the level of expres 
sion of mRNA or polypeptide(s) in the absence of the test 
agent. The test agent can then be identified as a modulator of 
expression based on this comparison. For example, when 
expression of mRNA or polypeptide is greater (statistically 
significantly greater) in the presence of the test agent than in 
its absence, the test agent is identified as a stimulator or 
enhancer of the mRNA or polypeptide expression. Alterna 
tively, when expression of the mRNA or polypeptide is less 
(statistically significantly less) in the presence of the test 
agent than in its absence, the test agent is identified as an 
inhibitor of the mRNA or polypeptide expression. The level 
of mRNA or polypeptide expression in the cells can be deter 
mined by methods described herein for detecting mRNA or 
polypeptide. 
0119 This invention further pertains to novel agents iden 
tified by the above-described screening assays. Accordingly, 
it is within the scope of this invention to further use an agent 
identified as described herein in the methods of treatment 
described herein. For example, an agent identified as 
described herein can be used to alter activity of a protein 
encoded by a TCF7L2 gene, or to alterexpression of TCF7L2 
by contacting the protein or the nucleic acid (or contacting a 
cell comprising the polypeptide or the nucleic acid) with the 
agent identified as described herein. 

Nucleic Acids of the Invention 

TCF7L2 Nucleic Acids, Portions and Variants 

0.120. The present invention also pertains to isolated 
nucleic acid molecules comprising human TCF7L2. The 
TCF7L2 nucleic acid molecules of the present invention can 
be RNA, for example, mRNA, or DNA, such as cDNA and 
genomic DNA. DNA molecules can be double-stranded or 
single-stranded; single stranded RNA or DNA can be the 
coding, or sense, Strand or the non-coding, or antisense 
Strand. The nucleic acid molecule can include all or a portion 
of the coding sequence of the gene and can further comprise 
additional non-coding sequences Such as introns and non 
coding 3' and 5' sequences (including regulatory sequences, 
for example). 
I0121 Additionally, nucleic acid molecules of the inven 
tion can be fused to a marker sequence, for example, a 
sequence that encodes a polypeptide to assist in isolation or 
purification of the polypeptide. Such sequences include, but 
are not limited to, those that encode a glutathione-S-trans 
ferase (GST) fusion protein and those that encode a hemag 
glutinin A (HA) polypeptide marker from influenza. 
0.122 An "isolated nucleic acid molecule, as used herein, 
is one that is separated from nucleic acids that normally flank 
the gene or nucleotide sequence (as in genomic sequences) 
and/or has been completely or partially purified from other 
transcribed sequences (e.g., as in an RNA library). For 
example, an isolated nucleic acid of the invention may be 
substantially isolated with respect to the complex cellular 
milieu in which it naturally occurs, or culture medium when 
produced by recombinant techniques, or chemical precursors 
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or other chemicals when chemically synthesized. In some 
instances, the isolated material will form part of a composi 
tion (for example, a crude extract containing other Sub 
stances), buffer system or reagent mix. In other circum 
stances, the material may be purified to essential 
homogeneity, for example as determined by PAGE or column 
chromatography such as HPLC. Preferably, an isolated 
nucleic acid molecule comprises at least about 50, 80 or 90% 
(on a molar basis) of all macromolecular species present. 
With regard to genomic DNA, the term "isolated also can 
refer to nucleic acid molecules that are separated from the 
chromosome with which the genomic DNA is naturally asso 
ciated. For example, the isolated nucleic acid molecule can 
containless than about 5 kb but not limited to 4 kb, 3 kb, 2 kb, 
1 kb, 0.5 kb or 0.1 kb of nucleotides which flank the nucleic 
acid molecule in the genomic DNA of the cell from which the 
nucleic acid molecule is derived. 

0123. The nucleic acid molecule can be fused to other 
coding or regulatory sequences and still be considered iso 
lated. Thus, recombinant DNA contained in a vector is 
included in the definition of "isolated as used herein. Also, 
isolated nucleic acid molecules include recombinant DNA 
molecules in heterologous host cells, as well as partially or 
substantially purified DNA molecules in solution. “Isolated 
nucleic acid molecules also encompass in vivo and in vitro 
RNA transcripts of the DNA molecules of the present inven 
tion. An isolated nucleic acid molecule can include a nucleic 
acid molecule or nucleic acid sequence that is synthesized 
chemically or by recombinant means. Therefore, recombi 
nant DNA contained in a vector is included in the definition of 
"isolated as used herein. Also, isolated nucleic acid mol 
ecules include recombinant DNA molecules in heterologous 
organisms, as well as partially or substantially purified DNA 
molecules in solution. In vivo and in vitro RNA transcripts of 
the DNA molecules of the present invention are also encom 
passed by "isolated nucleic acid sequences. Such isolated 
nucleic acid molecules are useful in the manufacture of the 
encoded polypeptide, as probes for isolating homologous 
sequences (e.g., from other mammalian species), for gene 
mapping (e.g., by in situ hybridization with chromosomes), 
or for detecting expression of the gene in tissue (e.g., human 
tissue), such as by Northern or Southern blot analysis. 
0.124. The present invention also pertains to nucleic acid 
molecules which are not necessarily found in nature but 
which encode a TCF7L2 polypeptide, or another splicing 
variant of a TCF7L2 polypeptide or polymorphic variant 
thereof. Thus, for example, the invention pertains to DNA 
molecules comprising a sequence that is different from the 
naturally occurring nucleotide sequence but which, due to the 
degeneracy of the genetic code, encode a TCF7L2 polypep 
tide of the present invention. 
0.125. The invention also encompasses nucleic acid mol 
ecules encoding portions (fragments), or encoding variant 
polypeptides such as analogues or derivatives of a TCF7L2 
polypeptide. Such variants can be naturally occurring, Such as 
in the case of allelic variation or single nucleotide polymor 
phisms, or non-naturally-occurring, such as those induced by 
various mutagens and mutagenic processes. Intended varia 
tions include, but are not limited to, addition, deletion and 
Substitution of one or more nucleotides that can result in 
conservative or non-conservative amino acid changes, 
including additions and deletions. Preferably the nucleotide 
(and/or resultantamino acid) changes are silent or conserved; 
that is, they do not alter the characteristics or activity of a 
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TCF7L2 polypeptide. In one aspect, the nucleic acid 
sequences are fragments that comprise one or more polymor 
phic microsatellite markers. In another aspect, the nucleotide 
sequences are fragments that comprise one or more single 
nucleotide polymorphisms in a TCF7L2 gene. 
0.126 Other alterations of the nucleic acid molecules of 
the invention can include, for example, labeling, methylation, 
internucleotide modifications such as uncharged linkages 
(e.g., methyl phosphonates, phosphotriesters, phosphoami 
dates, carbamates), charged linkages (e.g., phosphorothio 
ates, phosphorodithioates), pendent moieties (e.g., polypep 
tides), intercalators (e.g., acridine, psoralen), chelators, 
alkylators, and modified linkages (e.g., alpha anomeric 
nucleic acids). Also included are synthetic molecules that 
mimic nucleic acid molecules in the ability to bind to a des 
ignated sequence via hydrogen bonding and other chemical 
interactions. Such molecules include, for example, those in 
which peptide linkages Substitute for phosphate linkages in 
the backbone of the molecule. 

I0127. The invention also pertains to nucleic acid mol 
ecules that hybridize under high Stringency hybridization 
conditions, such as for selective hybridization, to a nucleotide 
sequence described herein (e.g., nucleic acid molecules 
which specifically hybridize to a nucleotide sequence encod 
ing polypeptides described herein, and, optionally, have an 
activity of the polypeptide). In one aspect, the invention 
includes variants described herein that hybridize under high 
stringency hybridization conditions (e.g., for selective 
hybridization) to a nucleotide sequence encoding an amino 
acid sequence or a polymorphic variant thereof. In another 
aspect, the variant that hybridizes under high Stringency 
hybridizations has an activity of a TCF7L2 polypeptide. 
0128. Such nucleic acid molecules can be detected and/or 
isolated by specific hybridization (e.g., under high Stringency 
conditions). “Specific hybridization, as used herein, refers to 
the ability of a first nucleic acid to hybridize to a second 
nucleic acid in a manner Such that the first nucleic acid does 
not hybridize to any nucleic acid other than to the second 
nucleic acid (e.g., when the first nucleic acid has a higher 
similarity to the second nucleic acid than to any other nucleic 
acid in a sample wherein the hybridization is to be per 
formed). "Stringency conditions' for hybridization is a term 
of art which refers to the incubation and wash conditions, e.g., 
conditions of temperature and buffer concentration, which 
permit hybridization of a particular nucleic acid to a second 
nucleic acid; the first nucleic acid may be perfectly (i.e., 
100%) complementary to the second, or the first and second 
may share some degree of complementarity which is less than 
perfect (e.g., 70%, 75%, 85%, 90%. 95%). For example, 
certain high Stringency conditions can be used which distin 
guish perfectly complementary nucleic acids from those of 
less complementarity. “High Stringency conditions', 'mod 
erate stringency conditions and “low stringency conditions'. 
as well as methods for nucleic acid hybridizations are 
explained on pages 2.10.1-2.10.16 and pages 6.3.1-6.3.6 in 
Current Protocols in Molecular Biology (Ausubel, F. et al., 
“Current Protocols in Molecular Biology', John Wiley & 
Sons, (1998)), and in Kraus, M. and Aaronson, S., Methods 
Enzymol., 200:546-556 (1991), 
I0129. The percent homology or identity of two nucleotide 
or amino acid sequences can be determined by aligning the 
sequences for optimal comparison purposes (e.g., gaps can be 
introduced in the sequence of a first sequence for optimal 
alignment). The nucleotides or amino acids at corresponding 
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positions are then compared, and the percent identity between 
the two sequences is a function of the number of identical 
positions shared by the sequences (i.e., 96 identity—it of iden 
tical positions/total it of positionsx100). When a position in 
one sequence is occupied by the same nucleotide or amino 
acid residue as the corresponding position in the other 
sequence, then the molecules are homologous at that position. 
As used herein, nucleic acid or amino acid “homology' is 
equivalent to nucleic acid or amino acid “identity. In certain 
aspects, the length of a sequence aligned for comparison 
purposes is at least 30%, for example, at least 40%, in certain 
aspects at least 60%, and in other aspects at least 70%, 80%, 
90% or 95% of the length of the reference sequence. The 
actual comparison of the two sequences can be accomplished 
by well-known methods, for example, using a mathematical 
algorithm. A preferred, non-limiting example of such a math 
ematical algorithm is described in Karlin et al., Proc. Natl. 
Acad. Sci. USA 90:5873-5877 (1993). Such an algorithm is 
incorporated into the NBLAST and XBLAST programs (ver 
sion 2.0) as described in Altschul et al., Nucleic Acids Res. 
25:389-3402 (1997). When utilizing BLAST and Gapped 
BLAST programs, the default parameters of the respective 
programs (e.g., NBLAST) can be used. In one aspect, param 
eters for sequence comparison can be set at score=100, 
wordlength=12, or can be varied (e.g., W=5 or W=20). 
0130. Another preferred non-limiting example of a math 
ematical algorithm utilized for the comparison of sequences 
is the algorithm of Myers and Miller, CABIOS 4(1): 11-17 
(1988). Such an algorithm is incorporated into the ALIGN 
program (version 2.0) which is part of the GCG sequence 
alignment software package (Accelrys, Cambridge, UK). 
When utilizing the ALIGN program for comparing amino 
acid sequences, a PAM 120 weight residue table, a gap length 
penalty of 12, and a gap penalty of 4 can be used. Additional 
algorithms for sequence analysis are known in the art and 
include ADVANCE and ADAM as described in Torellis and 
Robotti, Comput. Appl. Biosci. 10:3-5 (1994); and FASTA 
described in Pearson and Lipman, Proc. Natl. Acad. Sci. USA 
85:2444-8 (1988). 
0131. In another aspect, the percent identity between two 
amino acid sequences can be accomplished using the GAP 
program in the GCG Software package using either a BLO 
SUM63 matrix or a PAM250 matrix, and a gap weight of 12, 
10, 8, 6, or 4 and a length weight of 2, 3, or 4. In yet another 
aspect, the percent identity between two nucleic acid 
sequences can be accomplished using the GAP program in 
the GCG Software package using a gap weight of 50 and a 
length weight of 3. 
0132) The present invention also provides isolated nucleic 
acid molecules that contain a fragment or portion that hybrid 
izes under highly stringent conditions to a nucleotide 
sequence of TCF7L2, or the complement of Such a sequence, 
and also provides isolated nucleic acid molecules that contain 
a fragment or portion that hybridizes under highly stringent 
conditions to a nucleotide sequence encoding an amino acid 
sequence or polymorphic variant thereof. The nucleic acid 
fragments of the invention are at least about 15, preferably at 
least about 18, 20, 23 or 25 nucleotides, and can be 30, 40, 50, 
100, 200 or more nucleotides in length. Longer fragments, for 
example, 30 or more nucleotides in length, which encode 
antigenic polypeptides described herein, are particularly use 
ful, such as for the generation of antibodies as described 
below. 

Probes and Primers 

0133. In a related aspect, the nucleic acid fragments of the 
invention are used as probes or primers in assays Such as those 
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described herein. “Probes’ or “primers' are oligonucleotides 
that hybridize in a base-specific manner to a complementary 
Strand of nucleic acid molecules. Such probes and primers 
include polypeptide nucleic acids, as described in Nielsen et 
al., Science 254:1497-1500 (1991). 
I0134. A probe or primer comprises a region of nucleotide 
sequence that hybridizes to at least about 15, for example 
about 20-25, and in certain aspects about 40, 50 or 75, con 
secutive nucleotides of a nucleic acid molecule comprising a 
contiguous nucleotide sequence of TCF7L2 or polymorphic 
variant thereof. In other aspects, a probe or primer comprises 
100 or fewer nucleotides, in certain aspects from 6 to 50 
nucleotides, for example from 12 to 30 nucleotides. In other 
aspects, the probe or primer is at least 70% identical to the 
contiguous nucleotide sequence or to the complement of the 
contiguous nucleotide sequence, for example at least 80% 
identical, in certain aspects at least 90% identical, and in other 
aspects at least 95% identical, or even capable of selectively 
hybridizing to the contiguous nucleotide sequence or to the 
complement of the contiguous nucleotide sequence. Often, 
the probe or primer further comprises a label, e.g., radioiso 
tope, fluorescent compound, enzyme, or enzyme co-factor. 
0.135 The nucleic acid molecules of the invention such as 
those described above can be identified and isolated using 
standard molecular biology techniques and the sequence 
information provided herein. For example, nucleic acid mol 
ecules can be amplified and isolated by the polymerase chain 
reaction using synthetic oligonucleotide primers designed 
based on the sequence of TCF7L2 or the complement of such 
a sequence, or designed based on nucleotides based on 
sequences encoding one or more of the amino acid sequences 
provided herein. See generally PCR Technology. Principles 
and Applications for DNA Amplification (ed. H. A. Erlich, 
Freeman Press, NY, N.Y., 1992); PCR Protocols: A Guide to 
Methods and Applications (Eds. Innis et al., Academic Press, 
San Diego, Calif., 1990); Mattila et al., Nucl. Acids Res. 19: 
4967 (1991); Eckert et al., PCR Methods and Applications 
1:17 (1991): PCR (eds. McPherson et al., IRL Press, Oxford): 
and U.S. Pat. No. 4,683.202. The nucleic acid molecules can 
be amplified using cDNA, mRNA or genomic DNA as a 
template, cloned into an appropriate vector and characterized 
by DNA sequence analysis. 
0.136. Other suitable amplification methods include the 
ligase chain reaction (LCR) (see Wu and Wallace, Genomics 
4:560 (1989), Landegren et al., Science 241:1077 (1988), 
transcription amplification (Kwoh et al., Proc. Natl. Acad. 
Sci. USA 86: 1173 (1989)), and self-sustained sequence rep 
lication (Guatelli et al., Proc. Nat. Acad. Sci. USA 87: 1874 
(1990)) and nucleic acid based sequence amplification 
(NASBA). The latter two amplification methods involve iso 
thermal reactions based on isothermal transcription, which 
produce both single stranded RNA (ssRNA) and double 
stranded DNA (dsDNA) as the amplification products in a 
ratio of about 30 or 100 to 1, respectively. 
I0137 The amplified DNA can be labeled, for example, 
radiolabeled, and used as a probe for screening a cDNA 
library derived from human cells, mRNA in Zap express, 
ZIPLOX or other suitable vector. Corresponding clones can 
be isolated, DNA can obtained following in vivo excision, and 
the cloned insert can be sequenced in either or both orienta 
tions by art recognized methods to identify the correct read 
ing frame encoding a polypeptide of the appropriate molecu 
lar weight. For example, the direct analysis of the nucleotide 
sequence of nucleic acid molecules of the present invention 
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can be accomplished using well-known methods that are 
commercially available. See, for example, Sambrook et al., 
Molecular Cloning, A Laboratory Manual (2nd Ed., CSHP. 
New York 1989); Zyskind et al., Recombinant DNA Labora 
tory Manual. (Acad. Press, 1988)). Additionally, fluores 
cence methods are also available for analyzing nucleic acids 
(Chen et al., Genome Res. 9, 492 (1999)) and polypeptides. 
Using these or similar methods, the polypeptide and the DNA 
encoding the polypeptide can be isolated, sequenced and 
further characterized. 

0138 Antisense nucleic acid molecules of the invention 
can be designed using the nucleotide sequence of TCF7L2 
and/or the complement or a portion, and constructed using 
chemical synthesis and enzymatic ligation reactions using 
procedures known in the art. For example, an antisense 
nucleic acid molecule (e.g., an antisense oligonucleotide) can 
be chemically synthesized using naturally occurring nucle 
otides or variously modified nucleotides designed to increase 
the biological stability of the molecules or to increase the 
physical stability of the duplex formed between the antisense 
and sense nucleic acids, e.g., phosphorothioate derivatives 
and acridine Substituted nucleotides can be used. Alterna 
tively, the antisense nucleic acid molecule can be produced 
biologically using an expression vector into which a nucleic 
acid molecule has been Subcloned in an antisense orientation 
(i.e., RNA transcribed from the inserted nucleic acid mol 
ecule will be of an antisense orientation to a target nucleic 
acid of interest). 
0.139. The nucleic acid sequences can also be used to com 
pare with endogenous DNA sequences in patients to identify 
one or more of the disorders described above, and as probes, 
such as to hybridize and discover related DNA sequences or 
to subtract out known sequences from a sample. The nucleic 
acid sequences can further be used to derive primers for 
genetic fingerprinting, to raise anti-polypeptide antibodies 
using DNA immunization techniques, and as an antigen to 
raise anti-DNA antibodies or elicit immune responses. Por 
tions or fragments of the nucleotide sequences identified 
herein (and the corresponding complete gene sequences) can 
be used in numerous ways, such as polynucleotide reagents. 
For example, these sequences can be used to: (i) map their 
respective genes on a chromosome; and, thus, locate gene 
regions associated with genetic disease; (ii) identify an indi 
vidual from a minute biological sample (tissue typing); and 
(iii) aid inforensic identification of a biological sample. Addi 
tionally, the nucleotide sequences of the invention can be used 
to identify and express recombinant polypeptides for analy 
sis, characterization or therapeutic use, or as markers for 
tissues in which the corresponding polypeptide is expressed, 
either constitutively, during tissue differentiation, or in dis 
eased states. The nucleic acid sequences can additionally be 
used as reagents in the screening and/or diagnostic assays 
described herein, and can also be included as components of 
kits (e.g., reagent kits) for use in the screening and/or diag 
nostic assays described herein. 
0140 Kits (e.g., reagent kits) useful in the methods of 
diagnosis comprise components useful in any of the methods 
described herein, including for example, hybridization 
probes or primers as described herein (e.g., labeled probes or 
primers), reagents for detection of labeled molecules, restric 
tion enzymes (e.g., for RFLP analysis), allele-specific oligo 
nucleotides, antibodies which bind to altered or to non-altered 
(native) TCF7L2 polypeptide, means for amplification of 
nucleic acids comprising a TCF7L2 nucleic acid or for a 
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portion of TCF7L2, or means for analyzing the nucleic acid 
sequence of a TCF7L2 nucleic acid or for analyzing the 
amino acid sequence of a TCF7L2 polypeptide as described 
herein, etc. In one aspect, the kit for diagnosing a suscepti 
bility to type II diabetes can comprise primers for nucleic acid 
amplification of a region in the TCF7L2 nucleic acid com 
prising the marker DG10S478, the SNP rs12255372, 
rs895340, rs11 196205, rs7901695, rs7903 146, rs12243326 
and/or rs4506565, or an at-risk haplotype that is more fre 
quently present in an individual having type II diabetes or 
who is susceptible to type II diabetes. The primers can be 
designed using portions of the nucleic acids flanking SNPs 
that are indicative of type II diabetes. 

Vectors and Host Cells 

0141 Another aspect of the invention pertains to nucleic 
acid constructs containing a nucleic acid molecules described 
herein and the complements thereof (or a portion thereof). 
The constructs comprise a vector (e.g., an expression vector) 
into which a sequence of the invention has been inserted in a 
sense or antisense orientation. As used herein, the term “vec 
tor” refers to a nucleic acid molecule capable of transporting 
another nucleic acid to which it has been linked. One type of 
vector is a “plasmid', which refers to a circular double 
stranded DNA loop into which additional DNA segments can 
be ligated. Another type of vector is a viral vector, wherein 
additional DNA segments can be ligated into the viral 
genome. Certain vectors are capable of autonomous replica 
tion in a host cell into which they are introduced (e.g., bacte 
rial vectors having a bacterial origin of replication and episo 
mal mammalian vectors). Other vectors (e.g., non-episomal 
mammalian vectors) are integrated into the genome of a host 
cell upon introduction into the host cell, and thereby are 
replicated along with the host genome. Expression vectors are 
capable of directing the expression of genes to which they are 
operably linked. In general, expression vectors of utility in 
recombinant DNA techniques are often in the form of plas 
mids. However, the invention is intended to include such 
other forms of expression vectors, such as viral vectors (e.g., 
replication defective retroviruses, adenoviruses and adeno 
associated viruses) that serve equivalent functions. 
0142. In certain aspects, recombinant expression vectors 
of the invention comprise a nucleic acid molecule of the 
invention in a form suitable for expression of the nucleic acid 
molecule in a host cell. This means that the recombinant 
expression vectors include one or more regulatory sequences, 
selected on the basis of the host cells to be used for expres 
Sion, which is operably linked to the nucleic acid sequence to 
be expressed. Within a recombinant expression vector, “oper 
ably linked or “operatively linked' is intended to mean that 
the nucleotide sequence of interest is linked to the regulatory 
sequence(s) in a manner which allows for expression of the 
nucleotide sequence (e.g., in an in vitro transcription/transla 
tion system or in a host cell when the vector is introduced into 
the host cell). The term “regulatory sequence' is intended to 
include promoters, enhancers and other expression control 
elements (e.g., polyadenylation signals). Such regulatory 
sequences are described, for example, in Goeddel, “Gene 
Expression Technology'. Methods in Enzymology 185, Aca 
demic Press, San Diego, Calif. (1990). Regulatory sequences 
include those which direct constitutive expression of a nucle 
otide sequence in many types of host cell and those which 
direct expression of the nucleotide sequence only in certain 
host cells (e.g., tissue-specific regulatory sequences). It will 
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be appreciated by those skilled in the art that the design of the 
expression vector can depend on Such factors as the choice of 
the host cell to be transformed and the level of expression of 
polypeptide desired. The expression vectors of the invention 
can be introduced into host cells to thereby produce polypep 
tides, including fusion polypeptides, encoded by nucleic acid 
molecules as described herein. 
0143. The recombinant expression vectors of the inven 
tion can be designed for expression of a polypeptide of the 
invention in prokaryotic or eukaryotic cells, e.g., bacterial 
cells such as E. coli, insect cells (using baculovirus expres 
sion vectors), yeast cells or mammalian cells. Suitable host 
cells are discussed further in Goeddel, supra. Alternatively, 
the recombinant expression vector can be transcribed and 
translated in vitro, for example using T7 promoter regulatory 
sequences and T7 polymerase. 
0144. Another aspect of the invention pertains to host cells 
into which a recombinant expression vector of the invention 
has been introduced. The terms "host cell' and “recombinant 
host cell are used interchangeably herein. It is understood 
that such terms refer not only to the particular subject cell but 
also to the progeny or potential progeny of Such a cell. 
Because certain modifications may occur in Succeeding gen 
erations due to either mutation or environmental influences, 
Such progeny may not, in fact, be identical to the parent cell, 
but are still included within the scope of the term as used 
herein. 
0145 Ahost cell can be any prokaryotic or eukaryotic cell. 
For example, a nucleic acid molecule of the invention can be 
expressed in bacterial cells (e.g., E. coli), insect cells, yeast or 
mammaliancells (such as Chinese hamster ovary cells (CHO) 
or COS cells). Other suitable host cells are known to those 
skilled in the art. 
0146 Vector DNA can be introduced into prokaryotic or 
eukaryotic cells via conventional transformation or transfec 
tion techniques. As used herein, the terms “transformation' 
and “transfection' are intended to refer to a variety of art 
recognized techniques for introducing a foreign nucleic acid 
molecule (e.g., DNA) into a host cell, including calcium 
phosphate or calcium chloride co-precipitation, DEAE-dex 
tran-mediated transfection, lipofection, or electroporation. 
Suitable methods for transforming or transfecting host cells 
can be found in Sambrook, et al., (Supra), and other laboratory 
manuals. 

0147 For stable transfection of mammalian cells, it is 
known that, depending upon the expression vector and trans 
fection technique used, only a small fraction of cells may 
integrate the foreign DNA into their genome. In order to 
identify and select these integrants, a gene that encodes a 
selectable marker (e.g., for resistance to antibiotics) is gen 
erally introduced into the host cells along with the gene of 
interest. Preferred selectable markers include those that con 
ferresistance to drugs, such as G418, hygromycin and meth 
otrexate. Nucleic acid molecules encoding a selectable 
marker can be introduced into a host cell on the same vector 
as the nucleic acid molecule of the invention or can be intro 
duced on a separate vector. Cells stably transfected with the 
introduced nucleic acid molecule can be identified by drug 
selection (e.g., cells that have incorporated the selectable 
marker gene will survive, while the other cells die). 
0148. A host cell of the invention, such as a prokaryotic or 
eukaryotic host cell in culture can be used to produce (i.e., 
express) a polypeptide of the invention. Accordingly, the 
invention further provides methods for producing a polypep 
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tide using the host cells of the invention. In one aspect, the 
method comprises culturing the host cell of invention (into 
which a recombinant expression vector encoding a polypep 
tide of the invention has been introduced) in a suitable 
medium Such that the polypeptide is produced. In another 
aspect, the method further comprises isolating the polypep 
tide from the medium or the host cell. 

Antibodies of the Invention 

0149 Polyclonal antibodies and/or monoclonal antibod 
ies that specifically bind one form of the gene product but not 
to the other form of the gene product are also provided. 
Antibodies are also provided which bind a portion of either 
the variant or the reference gene product that contains the 
polymorphic site or sites. The term “antibody' as used herein 
refers to immunoglobulin molecules and immunologically 
active portions of immunoglobulin molecules, i.e., molecules 
that contain antigen-binding sites that specifically bind an 
antigen. A molecule that specifically binds to a polypeptide of 
the invention is a molecule that binds to that polypeptide or a 
fragment thereof, but does not substantially bind other mol 
ecules in a sample, e.g., a biological sample, which naturally 
contains the polypeptide. Examples of immunologically 
active portions of immunoglobulin molecules include F(ab) 
and F(ab')2 fragments which can be generated by treating the 
antibody with an enzyme such as pepsin. The invention pro 
vides polyclonal and monoclonal antibodies that bind to a 
polypeptide of the invention. The term “monoclonal anti 
body” or “monoclonal antibody composition, as used 
herein, refers to a population of antibody molecules that 
contain only one species of an antigenbinding site capable of 
immunoreacting with a particular epitope of a polypeptide of 
the invention. A monoclonal antibody composition thus typi 
cally displays a single binding affinity for a particular 
polypeptide of the invention with which it immunoreacts. 
0150 Polyclonal antibodies can be prepared as described 
above by immunizing a suitable Subject with a desired immu 
nogen, e.g., polypeptide of the invention or a fragment 
thereof. The antibody titer in the immunized subject can be 
monitored over time by Standard techniques, such as with an 
enzyme linked immunosorbent assay (ELISA) using immo 
bilized polypeptide. If desired, the antibody molecules 
directed against the polypeptide can be isolated from the 
mammal (e.g., from the blood) and further purified by well 
known techniques, such as protein A chromatography to 
obtain the IgG fraction. At an appropriate time after immu 
nization, e.g., when the antibody titers are highest, antibody 
producing cells can be obtained from the Subject and used to 
prepare monoclonal antibodies by standard techniques, such 
as the hybridoma technique originally described by Kohler 
and Milstein, Nature 256:495-497 (1975), the human B cell 
hybridoma technique (Kozbor et al., Immunol. Today 4: 72 
(1983)), the EBV-hybridoma technique (Cole et al., Mono 
clonal Antibodies and Cancer Therapy, Alan R. Liss, 1985, 
Inc., pp. 77-96) or trioma techniques. The technology for 
producing hybridomas is well known (see generally Current 
Protocols in Immunology (1994) Coligan et al., (eds.) John 
Wiley & Sons, Inc., New York, N.Y.). Briefly, an immortal 
cell line (typically a myeloma) is fused to lymphocytes (typi 
cally splenocytes) from a mammal immunized with an immu 
nogen as described above, and the culture Supernatants of the 
resulting hybridoma cells are screened to identify a hybri 
doma producing a monoclonal antibody that binds a polypep 
tide of the invention. 
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0151. Any of the many well known protocols used for 
fusing lymphocytes and immortalized cell lines can be 
applied for the purpose of generating a monoclonal antibody 
to a polypeptide of the invention (see, e.g., Current Protocols 
in Immunology, supra; Galfre et al., Nature 266:55052 
(1977); R. H. Kenneth, in Monoclonal Antibodies: A New 
Dimension. In Biological Analyses, Plenum Publishing Corp., 
New York, N.Y. (1980); and Lerner, Yale J. Biol. Med. 
54:387-402 (1981)). Moreover, the ordinarily skilled worker 
will appreciate that there are many variations of such methods 
that also would be useful. 

0152 Alternative to preparing monoclonal antibody-se 
creting hybridomas, a monoclonal antibody to a polypeptide 
of the invention can be identified and isolated by Screening a 
recombinant combinatorial immunoglobulin library (e.g., an 
antibody phage display library) with the polypeptide to 
thereby isolate immunoglobulin library members that bind 
the polypeptide. Kits for generating and screening phage 
display libraries are commercially available (e.g., the Phar 
macia Recombinant Phage Antibody System, Catalog No. 
27-94.00-01; and the Stratagene Surf7APTM Phage Display 
Kit, Catalog No. 240612). Additionally, examples of methods 
and reagents particularly amenable for use in generating and 
screening antibody display library can be found in, for 
example, U.S. Pat. No. 5,223,409; PCT Publication No. WO 
92/18619; PCT Publication No. WO 91/17271; PCT Publi 
cation No. WO 92/20791; PCT Publication No. WO 
92/15679; PCT Publication No. WO 93/01288: PCT Publi 
cation No. WO 92/01047: PCT Publication No. WO 
92/09690; PCT Publication No. WO 90/02809: Fuchs et al., 
Bio/Technology 9: 1370-1372 (1991); Hay et al., Hum. Anti 
bod Hybridomas 3:81-85 (1992); Huse et al., Science 246: 
1275-1281 (1989); and Griffiths et al., EMBO.J. 12:725-734 
(1993). 
0153. Additionally, recombinant antibodies, such as chi 
meric and humanized monoclonal antibodies, comprising 
both human and non-human portions, which can be made 
using standard recombinant DNA techniques, are within the 
Scope of the invention. Such chimeric and humanized mono 
clonal antibodies can be produced by recombinant DNA tech 
niques known in the art. 
0154 In general, antibodies of the invention (e.g., a mono 
clonal antibody) can be used to isolate a polypeptide of the 
invention by standard techniques, such as affinity chromatog 
raphy or immunoprecipitation. A polypeptide-specific anti 
body can facilitate the purification of natural polypeptide 
from cells and of recombinantly produced polypeptide 
expressed in host cells. Moreover, an antibody specific for a 
polypeptide of the invention can be used to detect the 
polypeptide (e.g., in a cellular lysate, cell Supernatant, or 
tissue sample) in order to evaluate the abundance and pattern 
of expression of the polypeptide. Antibodies can be used 
diagnostically to monitor protein levels in tissue as part of a 
clinical testing procedure, e.g., to, for example, determine the 
efficacy of a given treatment regimen. The antibody can be 
coupled to a detectable substance to facilitate its detection. 
Examples of detectable Substances include various enzymes, 
prosthetic groups, fluorescent materials, luminescent materi 
als, bioluminescent materials, and radioactive materials. 
Examples of Suitable enzymes include horseradish peroxi 
dase, alkaline phosphatase, beta-galactosidase, or acetylcho 
linesterase; examples of suitable prosthetic group complexes 
include streptavidin/biotin and avidin/biotin; examples of 
suitable fluorescent materials include umbelliferone, fluores 
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cein, fluorescein isothiocyanate, rhodamine, dichlorotriazi 
nylamine fluorescein, dansyl chloride or phycoerythrin; an 
example of a luminescent material includes luminol; 
examples of bioluminescent materials include luciferase, 
luciferin, and aequorin, and examples of suitable radioactive 
material include l’I, I, S or H. 
0155 The present invention is now illustrated by the fol 
lowing Exemplification, which is not intended to be limiting 
in any way. 

Exemplification 

0156 Described herein is the identification of transcrip 
tion factor 7-like 2 (TCF7L2-formerly TCF4) as a gene con 
ferring risk of type II diabetes through single-point associa 
tion analysis using a dense set of microsatellite markers 
within the 10q locus. 

Methods 

Icelandic Cohort 

(O157. The Data Protection Authority of Iceland and the 
National Bioethics Committee of Iceland approved the study. 
All participants in the study gave informed consent. All per 
Sonal identifiers associated with blood samples, medical 
information, and genealogy were first encrypted by the Data 
Protection Authority, using a third-party encryption system 
(18). 
0158 For this study, 2400 type II diabetes patients were 
identified who were diagnosed either through a long-term 
epidemiologic study done at the Icelandic Heart Association 
over the past 30 years or at one of two major hospitals in 
Reykjavik over the past 12 years. Two-thirds of these patients 
were alive, representing about half of the population of 
known type II diabetes patients in Iceland today. The majority 
of these patients were contacted for this study, and the coop 
eration rate exceeded 80%. All participants in the study vis 
ited the Icelandic Heart Association where they answered a 
questionnaire, had blood drawn and a fasting plasma glucose 
measurements taken. Questions about medication and age at 
diagnosis were included. The type II diabetes patients in this 
study were diagnosed as described in our previously pub 
lished linkage study (10). In brief, the diagnosis of type II 
diabetes was confirmed by study physicians through previous 
medical records, medication history, and/or new laboratory 
measurements. For previously diagnosed type II diabetes 
patients, reporting of the use of oral glucose-lowering agent 
confirmed type II diabetes. Individuals who were currently 
treated with insulin were classified as having type II diabetes 
if they were also using or had previously used oral glucose 
lowering agents. In this cohort the majority of patients on 
medication take oral glucose-lowering agents and only a 
small portion (9%) require insulin. For hitherto undiagnosed 
individuals, the diagnosis of type II diabetes and impaired 
fasting glucose (IFG) was based on the criteria set by the 
American Diabetes Association (Expert Committee on the 
Diagnosis and Classification of Diabetes Mellitus 1997). The 
average age of the type II diabetes patients in this study was 
69.7 years. 

Replication Cohorts 

0159. The Danish study group was selected from the 
PERF (Prospective Epidemiological Risk Factors) study in 
Denmark(19). 228 females had been diagnosed previously 
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with type II diabetes and/or measured >=7 mM glucose. As 
controls, 539 unaffected (with respect to type II diabetes) 
females were randomly drawn from the same study cohort. 
(0160. The PENN CATH study in the US is a cross sec 
tional study of the association of biochemical and genetic 
factors with coronary atherosclerosis in a consecutive cohort 
of patients undergoing cardiac catheterization at the Univer 
sity of Pennsylvania Medical Center between July 1998 and 
March 2003. Type II diabetes was defined as history of fasting 
blood glucosee 126 mg/dl., 2-hour post-prandial glu 
cose2200 mg/dl., use of oral hypoglycemic agents, or insulin 
and oral hypoglycemic in a Subject greater than age 40. The 
University of Pennsylvania Institutional Review Board 
approved the study protocol and all Subjects gave written 
informed consent. Ethnicity was determined through self 
report. 361 Caucasian type II diabetes cases were derived 
from this cohort. 530 unaffected (with respect to type II 
diabetes and myocardial infarction) Caucasian controls were 
randomly drawn from the same study. 
0161 The DNA used for genotyping was the product of 
whole-genome amplification, by use of the GenomiPhi 
Amplification kit (Amersham), of DNA isolated from the 
peripheral blood of the Danish and US type II diabetes 
patients and controls. 

Genotyping 

0162 New sequence repeats (i.e. dinucleotide, trinucle 
otide, and tetronucleotide repeats)-were identified using the 
Tandem repeats finder software(20) and tested for polymor 
phicity in 94 controls. The size in basepairs of the lower allele 
of the CEPH sample 1347-02 (CEPH genomics repository) 
was subtracted from the size of the microsatellite amplicon 
and used as a reference. SNP genotyping was carried using 
direct DNA sequencing (Applied BioSystems) or the Centau 
rus platform (Nanogen). 

Statistical Methods for Association Analysis 
0163 For single marker association to type II diabetes, we 
used alikelihood ratio test to calculate a two-sided p-value for 
each allele. We presentallelic frequencies rather than carrier 
frequencies for the microsatellites employed. 
0164. We calculated relative risk (RR) and population 
attributable risk (PAR) assuming a multiplicative model (16. 
17). For the CEPH Caucasian HapMap data, we calculated 
LD between pairs of SNPs using the standard definition of D' 
(21) and R (22). When plotting all SNP combinations to 
elucidate the LD structure in a particular region, we plotted D' 
in the upper left corner and p-values in the lower right corner. 
In the LD plot we present, the markers are plotted equidis 
tantly rather than according to their physical positions. 

Results 

Locus-Wide Association Study 
0.165. We previously reported genome-wide significant 
linkage to chromosome 5q for type II diabetes mellitus in the 
Icelandic population(10); in the same study, we also reported 
Suggestive evidence of linkage to 10q and 12q. To follow up 
the 10q locus, we used an association approach employing a 
high density of genotyped microsatellite markers across a 
10.5 Mb region (NCBI Build 34: Chr10:114.2-124.7 Mb) 
corresponding to this locus. We identified and typed 228 
microsatellite markers—i.e. to an average density of one 
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marker every 46 kb (Table 1). All the markers were typed in 
1185 Icelandic type II diabetes patients and 931 unrelated 
population controls. 

TABLE 1 

Location of the 228 genotyped microsatellites on chromosome 
10 in NCBI Build 34 of the human genome assembly. 

START: Build 34 
Alias Chr10 location END: Build 34 Chr10 location 

D1OS1269 4186051 4186276 
DG1 OS475 4389853 43901.16 
D1OS168 4410102 4410266 
DG1 OS478 446O845 4461228 
DG1 OS479 4475488 447S632 
DG1 OS48O 4507574. 4507829 
DG1 OS481 4S42657 4542924 
DG1 OS1624 4S45990 4546237 
DG1 OS1625 4568.323 456871S 
DG1 OS488 4713594 47140O8 
DG1 OS1630 477O344 477O609 
DG1 OS1631 4778307 4778.598 
DG1 OS492 481.1884 4812269 
DG1 OS494 4852114 485228O 
DG1 OS495 4879.344 4879474 
DG1 OS496 4919414 4919678 
DG1 OS498 4964.123 4964270 
DG1 OSSOO SO24471 SO24854 
DG1 OSSO1 SO4S332 5045710 
DG1 OSS08 524.1356 S2416O2 
DG1 OS1634 5267106 5267460 
DG1 OSS12 53.57290 5357439 
DG1 OSS1.4 54OO157 S4OO338 
DG1 OS 17 54.63773 54.64048 
DG1 OS1635 SS19619 5519900 
DG1 OSS2O 5536945 5537130 
D1 OSSS4 56.95920 S696O71 
D1OS1237 578458O 5784977 
DG1 OSS35 585.8565 585872O 
D1OS1158 5937134 5937433 
DG1 OS1636 S96616S 596,6382 
DG1 OSS40 5983225 S9834.71 
DG1 OS1637 6O2S219 6O2S491 
DG1 OSS42 60S4130 60S42SS 
DG1 OS1638 6062921 6063264 
D1OS1776 614O681 6140897 
DG1 OSS46 6141340 6141590 
DG1 OSS47 6173634 6173887 
DG1 OS1639 6184.720 6184898 
DG1 OSS48 62O2775 62O3174 
DG1 OSSSO 6288175 62885.60 
D1 OSS62 63O4948 63OS132 
DG1 OS1640 6344030 6344279 
DG1 OS1641 663815S 6638.540 
DG1 OSS66 6866173 6866431 
D1 OS468 6869582 6869674 
DG1 OSS67 6904174 6904.433 
D1OS1731 7001692 7OO1870 
DG1OS573 7070087 7070192 
DG1 OSS76 71.53566 71.53823 
DG1 OSS78 7196538 7196813 
DG1OS1644 7206992 7207391 
DG1 OSS79 7226056 7226234 
DG1 OSS80 724O674 7240858 
DG1 OSS84 7336471 7336821 
DG1 OSS85 7364,742 7364845 
DG1 OSS86 738.5650 7385816 
DG1 OSS89 748.1892 748.216S 
DG1 OSS90 7SO8690 7SO8966 
DG1 OSS91 7520912 7521.057 
DG1 OSS93 7567541 7567800 
D1OS1748 75896.38 7589885 
DG1 OSS96 7629981 763O119 
DG1 OSS97 7654759 7654928 
DG1 OSS23 7691.905 7692329 
DG1 OSS98 7691.905 76921S6 
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TABLE 1-continued 

Location of the 228 genotyped microsatellites on chromosome 
10 in NCBI Build 34 of the human genome assembly. 

START: Build 34 
Alias Chr10 location END: Build 34 Chr10 location 

DG1 OS 1327 21526,700 21526830 
DG1 OS 1271 215.59895 2156OO66 
DG1 OS 741 216382S4 21638.391 
DG1 OS 1087 21647884 21648.273 
DG1 OS 1359 21713760 21713892 
DG1 OS 1120 21726.128 21726519 
DG1 OS 1671 217SO886 21750993 
DG1 OS 1673 21823695 2182392S 
DG1 OS 749 21841816 21841997 
DG1 OS 1134 21901381 21901668 
DG1 OS 1674 21931406 21931.809 
DG1OS 755 21976143 21976435 
D1OS1757 2198.9325 21989539 
D1 OS209 21995.173 21995.376 
DG1OS 757 22O29990 22O3O248 
DG1 OS 1283 22045222 22045429 
DG1 OS 1.191 22071761 22O72115 
DG1 OS 761 221.41102 22141322 
DG1 OS 1678 22146312 22146535 
DG1 OS 7.62 22167889 2216813S 
DG1 OS 763 22185793 2218S925 
DG1 OS 1284 222O7287 22207508 
DG1 OS 1137 22220809 22221073 
DG1 OS 766 22257534 22257929 
DG1 OS 767 2228.3871 222842SO 
DG1 OS 1361 223.18975 223.19081 
DG1 OS 1680 2239.0160 22390294 
D1OS1230 22407279 224O7403 
DG1OS 772 224.21708 22421845 
DG1OS 775 22463781 22463941 
DG1OS 777 22S24358 22524,547 
DG1OS 779 22580228 22580603 
DG1 OS784 22719087 22719236 
D1 OS 1483 22948181. 2294.8324 
D1OS587 24728937 2472.9112 

0166 Single marker association analysis with the micro 
satellite markers identified association with DG10S478 
(Table 2 and the FIGURE). 

TABLE 2 

DGIOS478 Association to Type II Diabetes in Iceland 

Affected freq Control freq 
Allele (n = 1185) (n =931) RR (95% CI) Two sided P 

O O636 O.724 0.67 2.1 x 109 
4 O.OOS O.OO2 2.36 O.12 
8 O.093 O.078 1.21 O.O90 

12 O.242 O.178 1.48 4.6 x 107 
16 O.O22 O.O15 1.53 O.O76 

X O.364 O.276 1.50 (1.31, 1.71) 2.1 x 109 

0167 Six alleles are observed with this tetra-nucleotide 
repeat, with alleles 0, 8 and 12 accounting for 98% of chro 
mosomes in the population controls. Allele 0 showed a pro 
tective association (Relative Risk (RR)=0.67; P=2.1x10) 
relative to the other alleles combined. This P-value is two 
sided and takes into account that some of the patients are 
related to each other. DG10S478 is located in intron 3 of the 
transcription factor 7-like 2 (TCF7L2 formerly TCF4) gene 
on 10q25.2. This marker is within a well defined LD block of 
74.9 kb (based on the CEPH Caucasian HapMap Phase II) 
that encapsulates part of intron3, the whole of exon 4 and part 
of intron 4 (the FIGURE). 
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(0168 When DG10S478 was genotyped in the CEPHCau 
casian HapMap families, it became clear that allele G of SNP 
rs 12255372, is observed to be nearly perfectly correlated with 
allele 0 of DG10S478 (r’=0.95, P=5.53x10), and allele T 
of rS12255372 is correlated with other alleles of DG1 OS478. 
Moreover, the risk conferred by alleles 8 and 12 of 
DG10S478 do not differ (P=0.3). Hence it is natural to col 
lapse all the non-0 alleles of DG10S478 into a composite 
allele which will be referred to as allele X. Allele X has 
frequency of 27.6% and 36.4% in controls and patients 
respectively. Assuming a multiplicative model (16,17), com 
pared to the risk for non-carriers, alleleX has an estimated RR 
of 1.50 per copy carried. 

Replication of the DG10S478 Association to Type II Diabetes 

(0169. To verify the association of DG 10S478 to type II 
diabetes, the microsatellite was genotyped in a Danish type II 
diabetes cohort of 228 cases and 539 controls. The Danish 
cohort was selected from the PERF (Prospective Epidemio 
logical Risk Factors) study in Denmark (19). This female type 
II diabetes cohort had been diagnosed previously with type II 
diabetes. The association observed in Iceland was replicated 
(Table 3). 

TABLE 3 

DGIOS478 Association to Type II Diabetes in Denmark 

Affected freq Control freq 
Allele (n = 228) (n = 539) RR (95% CI) Two sided P 

O O669 O.740 O.71 O.OO48 

8 O.O70 O.048 1.49 O.091 
12 O.239 O.190 1.34 O.O32 
16 O.O2O O.O18 1.12 O.78 
X O.331 O.260 1.41 1.11, 1.79 O.OO48 

0170 The composite at-risk allele X has a frequency of 
26.0% in controls and 33.1% in type II diabetes cases, giving 
an estimated RR of 1.41 (P=0.0048). 
0171 Subsequently, the microsatellite was genotyped in a 
US Caucasian type II diabetes cohort of 361 cases and 530 
controls from the PENN CATH study. This study is a cross 
sectional study of the association of biochemical and genetic 
factors with coronary atherosclerosis in a consecutive cohort 
of patients undergoing cardiac catheterization at the Univer 
sity of Pennsylvania Medical Center. Type II diabetes was 
defined as a history of fasting blood glucose-126 mg/dl. 
2-hour post-prandial glucose2200 mg/dl., use of oral 
hypoglycemic agents, or insulin and oral hypoglycemic in a 
Subject greater than age 40. The association observed in Ice 
land was also replicated in this population (Table 4). 

TABLE 4 

DGIOS478 Association to Type II Diabetes in the United States 

Affected freq Control freq 
Allele (n = 361) (n = 530) RR (95% CI) Two sided P 

-4 O.OO1 O.OOO 
O O.615 0.747 O.S4 3.3 x 10 
4 O.OO3 O.OO4 0.73 0.72 
8 O.O85 O.049 1.79 O.OO29 
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TABLE 4-continued 

DGIOS478 Association to Type II Diabetes in the United States 

Affected freq Control freq 
Allele (n = 361) (n = 530) RR (95% CI) Two sided P 

12 O.256 O.18O 1.57 1.2 x 10 
16 O.040 O.O2O 2.07 O.O12 
X O.385 O.253 1.85 (1.51, 2.27 3.3 x 109 

0172. The composite at-risk allele X has a frequency of 
25.3% in controls and 38.5% in type II diabetes cases, giving 
an estimated RR of 1.85 (P=3.3x10). Combining the results 
from all 3 cohorts using a Mantel-Haneszel model (NOTE 3) 
yields an overall two-sided P of 4.7x10. 
0173 The association of the composite at-risk allele to 
type II diabetes in three populations constitutes strong evi 
dence that variants of the TCF7L2 gene contribute to the risk 
of type II diabetes. 
0.174. After establishing beyond doubt the association of 
the allele X to type II diabetes, we investigated the mode of 
inheritance more closely. The dominant model and recessive 
model can be rejected as the heterozygous carriers clearly 
have increased risk relative to the non-carriers (P<1x10) 
and reduced risk compared to the homozygous carriers (P<0. 
0001). The multiplicative model provides a betterfit, but there 
is evidence that the risk of the homozygous carriers relative to 
the heterozygous carriers is greater than that of the risk of the 
heterozygous carriers relative to the non-carriers. Table 5 
provides model-free estimates of the relative risks of the 
heterozygous carriers and homozygous carriers compared to 
the non-carriers. 

TABLE 5 

Model-free estimates of the relative risks 

Genotype Relative Risk 

Cohort OO OX 95% CI) XX (95% CI) PAR 

Iceland 1 1.41 1.17, 1.70 2.271.70, 3.04] O.21 
Denmark 1 1.37 (0.98, 1.90 1.92 (1.13, 3.26 0.17 
USA 1 1.64 (1.23, 2.19 3.29 (2.13, 5.07 0.28 
Combined 1 1.45 (1.26, 1.67 2.41 1.94, 3.00 0.21 

0.175. The three cohorts have similar population frequency 
for the at-risk allele, but the RR estimates vary; with the 
strongest effect seen in the US cohort and the weakest in the 
Danish cohort. While there is no reason for the RR to be 
identical in the cohorts, it is noted that the differences in the 
estimated relative risks do not quite reach statistical signifi 
cance (P-0.05). Combining the results from the cohorts 
assuming common relative risks, the heterozygous carriers 
and homozygous carriers are estimated to have relative risks 
of 1.45 and 2.41 respectively compared to the non-carriers 
(Table 5). Assuming a population frequency of 26% for the 
at-risk allele, heterozygous and homozygous carriers make 
up 38% and 7% of the population respectively. Hence, this 
variant has enough predictive value to be of clinical use. The 
corresponding population attributed risk is 21%, which is 
substantial from a public health point of view. 
0176 It should also be noted that allele X is in excess in 
impaired fasting glucose (IFG) individuals (fasting serum 
glucose between 6.1 and 6.9 mM). The composite at-risk 
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alleleX has a frequency of 27.7% in 1393 controls and 37.1% 
in 278 IFG cases, giving an estimated RR of 1.54 (P=1.36x 
10). Association of SNP markers within exon 4 LD block of 
TCF7L2 with type 2 diabetes. 
0177. In Table 6 we list microsatellite and SNP markers 
residing within the exon 4 LD block of TCF7L2. The table 
contains publically available SNPs, as well as SNPs discov 
ered by sequencing the entire LD block region. The table 
furthermore provides polymorphic microsatellite markers 
residing within the block. 

TABLE 6 

Polymorphic markers residing within the exon 4 LD block of TCF7L2 
(between markers rs4074720 and rs7087006, positions in Build 34 

co-ordinates: rs4074720 (B34: 114413084) - rs7087006 
(B34: 11448.8013) = 74929 bp. Sequence identification references 

are indicated as appropriate, referring in each instance to the 
SEQID number for the amplimer containing the polymorphism, 

and forward and reverse primers, as disclosed in the 
Sequence listing. 

A. Public SNPs (including all HapMap ethnicities) 

Chromosome 10 
Public Alias B34 location Base Change Sequence ID NO: 

rs407472O 44.13084 AG 
rs4074719 4413145 C.T 
rs4074718 44.13204 C.T 
rS11196.181 4413605 AG 
rS11196.182 4414744 C.T 
rS4603236 44.14765 GT 
rsf22298 4414856 C.T 
rs17747324 44.17090 C.T 
rsfC) 1695 44.18675 C.T 17-19 
rS11196.185 4420079 C.T 
rS4132115 442O083 AC 
rs4SO656S 442O628 AT 14-16 
rsfC)68741 442O845 C.T 
rsfC)69007 4420872 CG 
rS7903.146 4422936 C.T 11-13 
rS111961.87 4424032 AG 
rS7092484 442SS2O AG 
rS10885402 4426284 AC 
rS12098.651 4426.306 AG 
rS65851.98 4426824 AG 
rS7910244 4427209 CG 
rS12266632 4429546 CG 
rS65851.99 44.297.58 AG 
rsf896811 44.31304 C.T 
rS65852OO 4433196 AG 
rS65852O1 4.433370 AG 
rS4319449 4433993 GT 
rS1222O336 4434854 AG 
rsf896091 4436SSO AG 
rS12354626 4437O16 AG 
rsfC)751.99 443.7307 CG 
rsfC)4519 4438514 AG 
rs13376896 4441336 AC 
rS10885405 4442257 C.T 
rS10885406 4442311 AG 
rS11196.192 44,46874 GT 
rS65852O2 4447390 C.T 
rsf2408O 4451599 C.T 
rsfC)7610 4451677 AG 
rS12262948 4452313 CG 
rS12243326 44534O2 C.T 8-10 
rS12265,110 445.3606 C.T 
rs1077039 4453664 C.T 
rS111961.98 445.6472 AG 
rs1277S336 4459590 GT 
rS7904948 44596.72 AT 
rsf100927 446063S AG 
rS111961.99 446O704 AG 
rs1768SS38 4462O58 CG 
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TABLE 7-continued 

Amplimers and primers for selected markers 
Within the exon 4 LD block of TCF7L2 

Primers: 
F: CCATCTGTGGAGCAGAGTCA 

(SEQ ID NO: 49) 
R: TTC CATCAGCAGCAAGAATG 

(SEO ID NO : 50) 

>DG1W5479 
TCCACGCAGAGAGGATCTAAATCTGGCTCTTTGCAATTGCCTTCATACA.T 
GTGCATACACACCACACACACACACACACACACACACACACACACACACA 
CAGACACATACATATGCACACACCCCGAGTCAATGGAGGACCCTC 

(SEQ ID NO: 51) 

Primers: 
F: TCCACGCAGAGAGGATCTAAA 

(SEQ ID NO: 52) 
R: GAGGGTCCTGCATTGAGTCG 

(SEO ID NO : 53) 

0.178 To further investigate the possibility that other 
marker alleles in the exon 4 LD50 block of TCF7L2 exhibit 
a higher correlation with type II diabetes than allele X, we 
used the DG10S478 genotype data generated in the HapMap 
CEU samples. The five SNPs from HapMap Phase I with 
strongest correlation to DG10S478 were, in descending 
order, rs12255372 (r’=0.95), rs7903146 (r’=0.78), 
rs7901695 (r=0.61), rs11 196205 (r=0.43), and rs7895340 
(r=0.42). We genotyped these five SNPs in the three cohorts 
and the correlations between the five SNPs and DG10S478, 
the latter treated as abiallelic marker, were very similar to that 
observed in the CEU samples. All five SNPs showed associa 
tion to type II diabetes. While some SNPs showed slightly 
higher estimated relative risks and lower p-values in one or 
two of the cohorts, none exhibited stronger association to type 
II diabetes than DG1 OS478 when the results for all three 
cohorts were combined using the Mantel-Haenszel model. 
However, although rs11 196205 and rs7895.340 clearly have 
weaker association to type II diabetes, compared to allele X 
(RR=1.56, P-4.7x10'), the strength of the association to 
type II diabetes for allele T of rs12255372 (RR=1.52, P=2. 
5x10') and for allele T of rs7903146 (RR=1.54, P=2.1x10 
17) are comparable. 
0179. Following the subsequent release of HapMap Phase 
II in October 2005, two additional SNPs were identified that 
show strong correlation to microsatellite DG10S478 
rs 12243326 (r’=0.961) and rs4506565 (r’=0.716). The alle 
les associated with susceptibility to type 2 diabetes will be C 
for rs12243326 (C/TSNP) and T for rs4506565 (A/TSNP). 
0180. It should be noted that among those haplotypes that 
carry the Callele of rs7903146, those that carry the Aallele of 
rs 10885406 have an estimated relative risk of 1.06 compared 
to those that carry the Gallele of rs10885406, but the differ 
ence is not statistically significant (P=0.22). 
0181. In an attempt to replicate and refine this association 
with type 2 diabetes, we genotyped DG10S478, rs12255372 
and rs7903146 in a large additional Danish cohort, consisting 
of 1111 cases and 2315 controls and in a more genetically 
diverse West African cohort, consisting of 618 cases and 434 
controls derived from the Africa America Diabetes Mellitus 
study (23). In the Danes, all three variants were strongly asso 
ciated with disease risk, as previously observed in Iceland. 
However, the association of allele T of rs7903146 (Relative 
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Risk=1.53, P=4.06x10', PAR=24.4%) was noticeably 
stronger than that provided by the other two variants. In the 
West African study group, after adjustment for relatedness 
and ethnic origin, we replicated the association of allele T of 
rs7903146 to type 2 diabetes (Relative Risk 1.45, 95% C.I. 
=1.20-1.76, P=0.000146, PAR=22.2%), but not in the case of 
the other two variants. This suggests that allele T of 
rs7903146 is either the risk variant itselfor the closest known 
correlate of an unidentified risk variant. The exclusion of the 
markers DG10S478 and rs12255372 as at-risk markers in the 
West African group was possible because unlike in popula 
tions of European ancestry, where the Tallele of rs7903.146 
occurs almost exclusively on chromosomes carrying both 
allele X of DG10S478 and allele T of rs12255372, in West 
Africans the Tallele of rs7903146 occurs with both alleles of 
DG1OS478 and rs12255372. This is consistent with the 
observation that T is the ancestral allele of rs7903146, 
whereas allele X of DG1OS478 and allele TofrS12255372 are 
both different from the chimpanzee reference sequence. More 
generally, this finding is also consistent with the expectation 
that relatively diverse populations, such as those of West 
Africa, provide the means to refine association signals 
detected in regions of strong linkage disequilibrium in more 
homogeneous populations. 

Discussion 

0182. In this study we describe the identification of a novel 
candidate gene for type II diabetes within the previously 
reported 10q linkage region(10), encoding transcription fac 
tor 7-like 2 (TCF7L2 formerly TCF4) on 10q25.2. We show 
that it confers risk of type II diabetes in Iceland, Denmark and 
the US with similar frequency and relative risks. While the 
variant does not explain a substantial fraction of the familial 
clustering of type II diabetes, the population attributed risk of 
at least 20% is significant from a public health point of view. 
Compared to the non-carriers, the relative risks of heterozy 
gous carrier of the at-risk composite allele (approximately 
38% of the population) and homozygous carriers (about 7% 
of the population) are 1.45 and 2.41, respectively. Hence, this 
variant has enough predictive value to be of clinical use. 
0183) We report the variant as a type II diabetes-associated 
microsatellite, DG10S478, within the third intron of the 
TCF7L2 gene. The TCF7L2 gene product is a high mobility 
group (HMG) box-containing transcription factor which 
plays a role in the Wnt signalling pathway. This pathway is 
considered one of the key developmental and growth regula 
tory mechanisms of the cell; it is mediated by secreted gly 
coproteins, known as Wnts, which initiate many signalling 
cascades within target cells upon binding to a cognate recep 
tor complex, consisting of a member of the Frizzled family 
and a member of the LDL receptor family, Lrp5/6(24). Wnt 
signaling uncouples the central player in this pathway, B-cate 
nin, from the degradation complex and translocates it to the 
nucleus where it transiently converts TCF factors from 
repressors into transcriptional activators(25). The B-catenin 
protein is also important for mediating cell adhesion through 
its binding of cadherins(15). 
(0.184 The NCBI RefSeq for TCF7L2 contains 14 exons. 
However, Duval et al.(26) showed that TCF7L2 has 17 exons, 
of which 5 are alternative; in addition, it was reported that 
three alternative splice acceptor sites are used. This study also 
demonstrated the alternative use of three consecutive exons 
located in the 3' end of the TCF7L2 gene which change the 
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reading frames used in the last exon, leading to the synthesis 
of a large number of TCF7L2 isoforms with short, medium, or 
long COOH-terminal ends. 
0185. Similar to TCF7L2, five of the six positionally 
cloned genes for the rare Mendelian forms of Type II Diabe 
tes, namely maturity-onset diabetes of the young (MODY), 
are transcription factors(27). Additional transcription factors 
have been implicated in the pathogenesis of type II diabetes, 
including peroxisome proliferator-activated receptor gamma 
(PPARy)(7)and the forkhead gene family(28, 29). Noble etal 
described a missense mutation (C883A) in the related TCF7 
gene in type 1 diabetes(30). However, it is not clear if TCF7 
and TCF7L2 operate in the same pathway with respect to the 
pathogenesis of diabetes. 
0186 Mutations have been described in the TCF7L2 gene, 
including the deletion of an A in an (A)9 coding repeat (exon 
17)(26, 31-33) and a number of mutations in colorectal cell 
lines(26). DG10S478 resides within a clearly defined 74.9 kb 
LD block (CEPHCaucasian HapMap Phase II) that encapsu 
lates exon 4 and flanking intronic sequences 5' and 3' to the 
exon. It is possible that DG10S478 is the causative variant 
itself; it is also possible that DG10S478 is a surrogate for an 
underlying variant that affects transcription, splicing or mes 
sage stability. Such a variant is likely to be in strong LD with 
DG10S478, i.e. the variant resides within the exon 4 LD block 
of TCF7L2 
0187. Several lines of evidence suggest an enteroendo 
crine role of this gene in the pathogenesis of type II diabetes. 
Firstly, TCF7L2 has been implicated in the development of 
colorectal cancer(34) and Small-molecule antagonists of the 
oncogenic TCF/B-catenin protein complex have been already 
described(35). In addition, TCF7L2-/- mice, which die 
within 24 hours after birth, lack an intestinal epithelial stem 
cell compartment(36). Variants of the TCF7L2 gene could 
influence the susceptibility to type II diabetes through alter 
ing levels of the insulinotropic hormone glucagon-like pep 
tide 1 (GLP-1), one of the peptides encoded by the progluca 
gon gene whose expression in enteroendocrine cells is 
transcriptionally regulated by TCF7L2. In concert with insu 
lin, GLP-1 exerts crucial effects on blood glucose homeosta 
sis(12). GLP-1 analogs and inhibitors of dipeptidyl peptidase 
IV are currently in clinical development. 
0188 The references cited in this specification are incor 
porated herein in their entirety. 

REFERENCES 

(0189 1. A. F. Amos, D. J. McCarty, P. Zimmet, Diabet 
Med 14 Suppl 5, SI (1997). 

(0190. 2. P. Zimmet et al., Am J Epidemiol 118, 673 (No 
vember, 1983). 

(0191) 3. W. C. Knowler, D. J. Pettitt, M. F. Saad, P. H. 
Bennett, Diabetes Metab Rev. 6, 1 (February, 1990). 

(0192 4. B. Newman et al., Diabetologia 30,763 (October, 
1987). 

(0193 5. A. H. Barnett, C. Eff, R. D. Leslie, D. A. Pyke, 
Diabetologia 20, 87 (February, 1981). 

0194 6. A. L. Gloyn, Ageing Res Rev 2, 111 (April, 2003). 
(0195 7. D. Altshuler et al., Nat Genet. 26, 76 (September, 

2000). 
0196) 
2003). 

0197) 
2000). 

8. A. L. Gloyn et al., Diabetes 52, 568 (February, 

9.Y. Horikawa et al., Nat Genet. 26, 163 (October, 

32 
Nov. 5, 2009 

(0198 10. I. Reynisdottir et al., Am JHum Genet. 73, 323 
(August, 2003). 

0199 11. R. Duggirala et al., Am J Hum Genet. 64, 1127 
(April, 1999). 

0200 12. F. Yi, P. L. Brubaker, T. Jin, J Biol Chem 280, 
1457 (Jan. 14, 2005). 

0201 13. S. E. Ross et al., Science 289, 950 (Aug. 11, 
2000). 

0202 14. E. A. Jansson et al., Proc Natl AcadSci USA 102, 
1460 (Feb. 1, 2005). 

(0203 15. W.J. Nelson, R. Nusse, Science 303, 1483 (Mar. 
5, 2004). 

(0204 16. C.T. Falk, P. Rubinstein, Ann Hum Genet. 51 (Pt 
3), 227 (July, 1987). 

(0205 17. J. D. Terwilliger, J. Ott, Hum Hered 42, 337 
(1992). 

0206. 18. J. R. Gulcher, K. Kristjansson, H. Gudbartsson, 
K. Stefansson, EurJ Hum Genet. 8,739 (October, 2000). 

0207. 19. Y. Z. R. Bagger, B. J.; Alexandersen, P.; Tanko, 
L.B.; Christiansen, C.J Bone Miner Res Suppl 1, 1 (2001). 

(0208. 20. G. Benson, Nucleic Acids Res 27, 573 (Jan. 15, 
1999). 

0209 
1964). 

0210 22. W. G. Hill, A. Robertson, Genetics 60, 615 (No 
vember, 1968). 

(0211) 23. C. N. Rotimi et al., Ann Epidemiol 11, 51 (Janu 
ary, 2001). 

0212 24. C. Prunier, B. A. Hocevar, P. H. Howe, Growth 
Factors 22, 141 (September, 2004). 

0213 25. J. Huelsken, W. Birchmeier, Curr Opin Genet 
Dev 11, 547 (October, 2001). 

21. R. C. Lewontin, Genetics 50, 757 (October, 

0214) 26. A. Duval et al., Cancer Res 60, 3872 (Jul. 15, 
2000). 

0215 27. S. S. Fajans, G. I. Bell, K. S. Polonsky, N Engl J 
Med 345,971 (Sep. 27, 2001). 

0216. 28. C. Wolfrum, E. Asilmaz, E. Luca, J. M. Fried 
man, M. Stoffel, Nature 432, 1027 (Dec. 23, 2004). 

0217 29. J. Nakae et al., Nat Genet. 32, 245 (October, 
2002). 

0218 
2003). 

0219) 
1999). 

0220 
1999). 

0221) 33. H. R. Changet al., Cancer Lett (May 16, 2005). 
0222 34. N. A. Wong, M. Pignatelli, Am J Pathol 160,389 
(February, 2002). 

0223. 35. M. Lepourcelet et al., Cancer Cell 5, 91 (Janu 
ary, 2004). 

0224, 36. V. Korinek et al., Nat Genet. 19, 379 (August, 
1998). 

0225. While this invention has been particularly shown 
and described with references to preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein 
without departing from the scope of the invention encom 
passed by the appended claims. 

30. J. A. Noble et al., Diabetes 52, 1579 (June, 

31. A. Duval et al., Cancer Res 59, 4213 (Sep. 1, 

32. A. Duval et al., Oncogene 18, 6806 (Nov. 18, 





























































US 2009/0275043 A1 Nov. 5, 2009 
62 

- Continued 

gtggctgtgt ctdattgttctgtctgttct c caggacagg agagattgat togctttctag 6582O 

cittitttittaa aattaaaa.ca acaacaacaa aaaaatacag aaagg tacaa aggataacaa 6588O 

acacattcat gtacct gcca cctaaaataa caattactaa totttitcacc citcctagotcc 6594 O 

atgatct tcc ctic ccaggct gtt attaata tdaaaac cqa gttcaggttt ttatacttitt 66 OOO 

cgacat citat titat attaac gitatgtatta taaataatct tag tagttitt taactittgac 66 060 

ataagtggct tca cattcca cataa cattctgcagoatgt titt cittittat ttittatttitt 6612 O 

ttctittattt ttaaatttitt attittgcago atgcttittct tattoaa.cat tacatttgaa 6618O 

tttitttcaac attgtacatt gaaatttagc ticatt cittitt taactgctict gtag tattta 6624 O 

ttgtatgcat atact acago tttctatttic td tattgatg gttaattagg ttgcttacag 663 OO 

ttttittaaga ttacagattic togctgtaata accatcc titt gggcaagtgt atgtagg tac 6 6360 

ctatatatga gtttctictag gatt catacc aaagtagagg aattgg tagg gcattggittt 6642O 

gctggittitta attittaattic acatgctatt gtcaa.gct ct coagaacaac toggatgagtt 6648O 

gattggat.ca atgagtattt ccatcaccag catataaact ctitt.cct cat aat cacacca 6654 O 

atgcttgatc ctdttggact taaaatttitt gccaatttgc tiggg tatgca acggcatctt 666OO 

acctaatttg cctittatttg atgacticcitg aggttgaaca totggtcata tott tattitt 6666 O 

citcc totgtg gcttgcctgg tittaatgcct tctt catttit aaagaat cag at agttittct 6672O 

gttattgatt tataggaact Ctttatataa gttgaaaact togattatatg tdttggaaat 66780 

actittitt cita ggctgtgatgttittaaaata ttgctittaga tigggittitt catttittacctt 6684 O 

ttattittaga gatggagt ct cactgcattg cccaggctgg attgcagtgg c tatt cacag 669 OO 

gaaagagcat agtatgttac agcct coacc ticcitggtacc aagaggit colt c ct gcc.ccag 6696 O 

Cctic ctgaat aggtgggacc acaggtgcac at Cactgtgc ctagotttgg atgggttittg 6702O 

aaagaaagaa gttittaaatt ttaatgcc ct caaattcatc td tatttitcc tictdtgctitt 6708 O 

tattttgtac ccactictaag tagct cog aa ttctgcagat agttggtgca ggaattctga 6714 O 

ttittgagtgg acatctgctic tictaa.cagtic acattgaagg aaattaggitt tttittgg tag 672OO 

gaatctaagc aaggggttga tttgtaaact aggctittaaa tatgattitta agcaact cac 6726 O 

ttagaacaag atacaaaaat tdtgg actgg acctatat cit ggaaaacttgaaagtgctag 6732O 

ggcaataaat aattcttggit cacatacago cqagatcctg ggctic ct gac totgggacag 6.738O 

aagctttcta tattittat ct catcagt citt togcaa.caggc ticcittgaagic aattittatcc 6744 O 

c cattttaga gataagaaaa ccagagctta aag cagittag ataattitatg aagtaagtgg 675 OO 

cagagccaag attcaaatcc agacctittct gaccacaaag citcqttgctgaat accqcgc. 6756 O 

ct cattgcct tcttgcgaat tacttgggat ttgtttgaat cccaaaatct ttatatgtta 6762O 

ttittaa attt gaatctaatt ggaagtgggg cagtgagggit agaggacaga aagaagggga 6768O 

agagcttgag act caataat agaaacaaaa aaccogt citc caggaggg.cg gttcaaaagg 6774 O 

aagaatticca tattt catgt aactgaaacg ttaaaag.ccc aaataattgc at catgcaag 678 OO 

tctgatgctg agtaat cacc Ctc.ccc.cata t tattgggga gagggggcaa gaagttctggg 67860 

aagctgttitt togcctaagga attacatt co agggg actict gaggatt tag gtaac cacaa 6792 O 

aagc cattta titt cqagtac act gagattt ctaccactitt gatcc ctaat coatagdata 6798 O 

attaataaat gaaatgtgct gtagcatggg tttitt tacaa agtgtactitt taaaatggct 68040 
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<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 17 

tatttagaaa ccataaaatc. cacct atttg aggtgtacaa ttgagtgatt ttctgtatag 6 O 

t cacagat ct gtgcagt cat coacaccctic taact coagg acatttitcct caccc.ccgag 12 O 

gaga aacctic cct tacccat tag cagt cac tocticatttic ct citccc.ccc agc.ccctggc 18O 

aat cactgtg gatttgcc td ttcttgacat tt catataaa togg tat cata aaatctaygg 24 O 

gcttttgttgt ctdtctgctt to acttagca tacggttctic alaggttcatc cagtattgta 3OO 

gcatctatica gitatgtcatt ccttitt tatg gccaaataat attittattgt atggatagac 360 

attttgttta t t catttatc tdtttittggit tattatgagt aacac tact a tigaac attitt 42O 

gcacaaattt ttg tattgac atgttitt cat ttct c ct ggg tatagt cct a tigagtggaat 48O 

tgctgg 486 

<210 SEQ ID NO 18 
<211 LENGTH: 27 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 18 

tatttagaaa ccataaaatc. caccitat 27 

<210 SEQ ID NO 19 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 19 

c cagcaattic cact catagg ac 22 

<210 SEQ ID NO 2 O 
<211 LENGTH: 428 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 2O 

ttgtct cott ttgtttctgc tactgtgaat gatcc tdtga tigatcatctt tdtgtgtaaa 6 O 

totttgtc.cc ct cqcc cc ct c cc cttitt at tattittcttg ggatagaccc cagga caaaa 12 O 

ggtagaaaag aacaaagtgt taaaaaattt cittgatacat agccacagat tatttitcctg 18O 

aaagttctica acatttataa ctacsagcag tatgtaagag agittatggitt ggaatgattit 24 O 

taatgtct ct ggggaattta acaacaaaaa alactittaggc titctttggag agaga catgc 3OO 

ccittaactico accc.cgcc ct agaacagaga cccagoc cat ccaagttcagc ct c cc caggit 360 

cctic caccitt caaaac aggc aaacgaaatc atttcttgaa taattgg tag gottcaaggit 42O 

Cagatgtt 428 

<210 SEQ ID NO 21 
<211 LENGTH: 23 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 21 

ttgtct cott ttgtttctgc tac 23 
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<210 SEQ ID NO 22 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 22 

aacatctgac ctitgaagcct ac 22 

<210 SEQ ID NO 23 
<211 LENGTH: 330 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 23 

t cagggacag tecataggtg taaagaagtt gctggttggg ggttctaatg Caggitttctic 6 O 

caaaagtgaa togc cct gtta aaaaaaaatt cittaacaaat atacagagat ttttitttitta 12 O 

aaaaagtgtg acagttctag acaccitagag agtaaartga agaa.gc.ctgt titt Caggittt 18O 

ccc.gc.ctic cc tdaatttic cc agcatggtco aggctittgaa atttattitat citgcttittgg 24 O 

caatggttga tigggaatttic cca cattt at tttittagcta cagagaaagg acattat citt 3OO 

taaaatct ct tcgttgttct citctic tittga 33 O 

<210 SEQ ID NO 24 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 24 

t cagggacag tecataggtg 2O 

<210 SEQ ID NO 25 
<211 LENGTH: 23 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 25 

tcaaagagag agaacaacga aga 23 

<210 SEQ ID NO 26 
<211 LENGTH: 574 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 26 

tatttagaaa ccataaaatc. cacct atttg aggtgtacaa ttgagtgatt ttctgtatag 6 O 

t cacagat ct gtgcagt cat coacaccctic taact coagg acatttitcct caccc.ccgag 12 O 

gaga aacctic cct tacccat tag cagt cac tocticatttic ct citccc.ccc agc.ccctggc 18O 

aat cactgtg gatttgcc td ttcttgacat tt catataaa yogg tat cata aaatctatogg 24 O 

gcttttgttgt ctdtctgctt to acttagca tacggttctic alaggttcatc cagtattgta 3OO 

gcatctatica gitatgtcatt ccttitt tatg gccaaataat attittattgt atggatagac 360 

attttgttta t t catttatc tdtttittggit tattatgagt aacac tact a tigaac attitt 42O 

gcacaaattt ttg tattgac atgttitt cat ttct c ct ggg tatagt cct a tigagtggaat 48O 

tgctgggt ca tataataaat aactgtttaa cattttgggg agctgccaaa cittittaaaac 54 O 
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<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 40 

c caaaatcca cacaggct ct 2O 

<210 SEQ ID NO 41 
<211 LENGTH: 599 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 41 

tagtgcticag tatttic caac gttctgttta tittaagatga aaattgctgt agittaataag 6 O 

cact tcc.cca tdt cattaaa atgcttaagg atttittaatg accacataac agt ccataat 12 O 

atgattaaac cccaatttac togaat caatig ccatattgtt gggtott tag attgtct cot 18O 

tttgtttctg c tactgttgaa tdatcctgtg atgat catct ttgttgttgtaa atc.tttgtc.c 24 O 

cct cqc cc cc ticc ccttitta ttattittctt gggatagacic ccaggacaaa agg tagaaaa 3OO 

gaacaaagtg ttaaamaatt tottgataca tagccacaga ttattitt colt gaaagttctic 360 

aacatttata actacgagca gitatgtaaga gagittatggit toggaatgatt ttaatgtctic 42O 

tggggaattit aacaacaaaa aaactittagg cittctittgga gagagacat g c ccttaactic 48O 

cacccc.gc.cc tagaacagag acccagocca tocaagt cag cct coccagg toctocacct 54 O 

tcaaaacagg caaacgaaat cattt cittga ataattggta ggcttcaagg toagatgtt 5.99 

<210 SEQ ID NO 42 
<211 LENGTH: 25 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 42 

tagtgcticag tatttic caac gttct 25 

<210 SEQ ID NO 43 
<211 LENGTH: 23 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 43 

aacatctgac ctitgaagcct acc 23 

<210 SEQ ID NO 44 
<211 LENGTH: 599 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 44 

tagtgcticag tatttic caac gttctgttta tittaagatga aaattgctgt agittaataag 6 O 

cact tcc.cca tdt cattaaa atgcttaagg atttittaatg accacataac agt ccataat 12 O 

atgattaaac cccaatttac togaat caatig ccatattgtt gggtott tag attgtct cot 18O 

tttgtttctg c tactgttgaa tdatcctgtg atgat catct ttgttgttgtaa atc.tttgtc.c 24 O 

cct cqc cc cc ticc ccttitta ttattittctt gggatagacic ccaggacaaa agg tagaaaa 3OO 

gaacaaagtg ttaaaaaatt tottgataca tagccacaga ttattitt colt gaaagttcts 360 
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t catcatcat catcatcatc atcatcatca toatcatcat catcatctgc cctittaagtt 18O 

ttctgcttgt ttagaaaaga aatttataca gagcc cc cag tag cagctgt aagggggcag 24 O 

gttcttggag cagcc catcc ticaac attct togctgctgat ggaa 

<210 SEQ ID NO 49 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 49 

cCatctgtgg agcagagt ca 

<210 SEQ ID NO 50 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 5 O 

titc.cat cago agcaagaatg 

<210 SEQ ID NO 51 
<211 LENGTH: 145 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 51 

284 

tccacgcaga gaggat citaa atctggct ct ttgcaattgc citt catacat gtgcatacac 6 O 

a CCaCacaca Cacaca Caca Cacacacaca Cacacacaca cagacacata catatgcaca 12 O 

caccc.cgact caatggagga ccctic 

<210 SEQ ID NO 52 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 52 

tccacgcaga gaggat.ctaa a 

<210 SEQ ID NO 53 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 53 

gagggit cotc cattgagt cq 

145 

21 

1. A method of diagnosing an increased Susceptibility to 
type II diabetes in an individual, comprising detecting a 
marker or haplotype associated with the exon 4 LD block of 
TCF7L2 in the individual, wherein the presence of the marker 
or haplotype is indicative of an increased Susceptibility to 
type II diabetes. 

2. The method of claim 1, wherein the marker or haplotype 
comprises at least one marker selected from the markers listed 
in Table 6. 

3. The method of claim 1, wherein the increased suscepti 
bility is characterized by a relative risk of at least 1.2. 

4. A method of assessing an individual for probability of 
response to a TCF7L2 therapeutic agent, comprising: detect 
ing a marker associated with the exon 4 LD block of TCF7L2, 
wherein the presence of the marker is indicative of a prob 
ability of a positive response to a TCF7L2 therapeutic agent. 

5. The method of claim 4, wherein the marker is selected 
from the group consisting of DG10S478, rs12255372, 
rs7895.340, rs11 196205, rs7901695, rs7903146, rs12243326, 
and rS4506565. 

6. The method of claim 5, wherein the marker is marker 
DG10S478, and wherein the presence of a non-0 allele in 
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DG10S478 is indicative of a probability of a positive response 
to a TCF7L2 therapeutic agent. 

7. The method of claim 5, wherein the marker is marker 
rs7903 146, and wherein the presence of a T allele in 
rs7903146 is indicative of a probability of a positive response 
to a TCF7L2 therapeutic agent. 

8. A method of diagnosing a decreased susceptibility to 
type II diabetes in an individual, comprising detecting a 
marker or haplotype associated with the exon 4 LD block of 
TCF7L2 in the individual, wherein the presence of the marker 
or haplotype is indicative of a decreased Susceptibility to type 
II diabetes. 

9. The method of claim 8, wherein the decreased suscep 
tibility is characterized by a relative risk of less than 0.8. 

10. A method of detecting an increased susceptibility to 
type II diabetes in an individual, comprising identifying the 
presence or absence of an allele at a marker associated with 
the exon 4 LD block of TCF7L2 in the individual, wherein 
identification of the presence of the allele is indicative of 
increased susceptibility to type II diabetes in the individual. 

11. The method of claim 10, wherein the marker associated 
with the exon 4 LD block of TCF7L2 is a marker in strong 
linkage disequilibrium, characterized by r greater than 0.2, 
with the exon 4 LD block of TCF7L2. 

12. The method of claim 10, wherein the marker associated 
with the exon 4 LD block of TCF7L2 is a marker in strong 
linkage disequilibrium, characterized by r greater than 0.2, 
with one or more of the markers listed in Table 6. 

13. The method of claim 10, wherein the marker associated 
with the exon 4 LD block of TCF7L2 is selected from the 
group consisting of the markers listed in Table 6. 

14. A method of detecting a decreased Susceptibility to type 
II diabetes in an individual, comprising identifying the pres 
ence or absence of an allele at a marker associated with the 
exon 4 LD block of TCF7L2 in the individual, wherein iden 
tification of the presence of the allele is indicative of 
decreased susceptibility to type II diabetes in the individual. 

15. The method of claim 14, wherein the marker associated 
with the exon 4 LD block of TCF7L2 is a marker in strong 
linkage disequilibrium, characterized by r greater than 0.2, 
with the exon 4 LD block of TCF7L2. 
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16. The method of claim 14, wherein the marker associated 
with the exon 4 LD block of TCF7L2 is a marker in strong 
linkage disequilibrium, characterized by r greater than 0.2, 
with one or more of the markers listed in Table 6. 

17. The method of claim 14, wherein the marker associated 
with the exon 4 LD block of TCF7L2 is selected from the 
group consisting of the markers listed in Table 6. 

18. A method of detecting an increased susceptibility to 
type II diabetes in an individual, comprising detecting an 
allele at a polymorphism associated with the exon 4 LD block 
of TCF7L2 in the individual, wherein identification of said 
allele at the polymorphism is indicative of increased risk of 
type II diabetes in the individual. 

19. The method of claim 18, wherein the marker associated 
with the exon 4 LD block of TCF7L2 is a marker in strong 
linkage disequilibrium, characterized by r greater than 0.2. 
with the exon 4 LD block of TCF7L2. 

20. The method of claim 18, wherein the marker associated 
with the exon 4 LD block of TCF7L2 is a marker in strong 
linkage disequilibrium, characterized by r greater than 0.2. 
with one or more of the markers listed in Table 6. 

21. The method of claim 18, wherein the marker associated 
with the exon 4 LD block of TCF7L2 is selected from the 
group consisting of the markers listed in Table 6. 

22. A method of detecting a decreased Susceptibility to type 
II diabetes in an individual, comprising detecting an allele at 
a polymorphism associated with the exon 4 LD block of 
TCF7L2 in the individual, wherein identification of said 
allele at the polymorphism is indicative of decreased risk of 
type II diabetes in the individual. 

23. The method of claim 22, wherein the marker associated 
with the exon 4 LD block of TCF7L2 is a marker in strong 
linkage disequilibrium, characterized by r greater than 0.2, 
with the exon 4 LD block of TCF7L2. 

24. The method of claim 22, wherein the marker associated 
with the exon 4 LD block of TCF7L2 is a marker in strong 
linkage disequilibrium, characterized by r greater than 0.2, 
with one or more of the markers listed in Table 6. 

25. The method of claim 22, wherein the marker associated 
with the exon 4 LD block of TCF7L2 is selected from the 
group consisting of the markers listed in Table 6. 
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