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(57) ABSTRACT 
The present invention relates generally to the field of dia 
betes. More particularly, it concerns the identification of 
genes responsible for NIDDM1 for use in diagnostic and 
therapeutic applications. The present invention demonstrates 
that the NIDDM1 locus is, in fact, the calpain 10 gene. The 
invention further relates to the discovery that analysis of 
mutations in calpain genes and gene products can be diag 
nostic for type 2 diabetes. The invention also contemplates 
methods of treating diabetes in View of the fact that calpain 
mutations can cause diabetes. Further, the invention relates 
to novel polynucleotides of the NIDDM 1 locus and polypep 
tides encoded by Such polynucleotides. 
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METHODS OF TREATMENT OF TYPE 2 
DABETES 

0001) This application claims the benefit of U.S. Provi 
sional Application, Ser. No. 60/105,052, filed Oct. 21, 1998 
and U.S. Provisional Application, Ser. No. 60/134,175, filed 
May 13, 1999. 
0002 The government may own rights in the present 
invention pursuant to grant numbers DK-20595, DK-47486, 
and DK-47487 from United States Public Health Service. 

BACKGROUND OF THE INVENTION 

0003) 1. Field of the Invention 
0004. The present invention relates generally to the field 
of treatment of diabetes mellitus. More particularly, it con 
cerns methods of diagnosing a propensity for type 2 diabetes 
mellitus, methods of identifying compounds to treat type 2 
diabetes mellitus, and new nucleic acid Sequences encoding 
polypeptides related to type 2 diabetes mellitus. 
0005 2. Description of Related Art 
0006 Diabetes mellitus is a phenotypically and geneti 
cally heterogeneous group of metabolic diseases all of which 
are characterized by high blood glucose levels resulting 
from an absolute or relative deficiency of the hormone 
insulin (The Expert Committee on the Diagnosis and Clas 
sification of Diabetes Mellitus, 1997). The chronic hyperg 
lycemia damages the eyes, kidneys, nerves, heart and blood 
vessels leading to blindness, kidney and heart disease, 
Stroke, loSS of limbs and reduced life expectancy. Diabetes 
mellitus is a major public health problem affecting more than 
120 million people worldwide (King et al., 1998). It has an 
enormous economic impact on Society and the direct medi 
cal and indirect expenditures attributable to diabetes in 1997 
in the United States alone were S98 billion (American 
Diabetes Assoc., 1998). 
0007 Genetics play an important role in the development 
of diabetes with Some forms resulting from mutations in a 
Single gene whereas others are oligogenic or polygenic in 
origin. The monogenic forms of diabetes may account for 
5% of all cases of diabetes and have diverse causes. Diabetes 
can result from mutations in the insulin (Steiner et al., 1995) 
and insulin receptor genes (Taylor et al., 1995) as well as the 
genes encoding the glycolytic enzyme glucokinase (Vionnet 
et al., 1992) and the transcription factors hepatocyte nuclear 
factor-1C. (HNF-1C), HNF-1 B, HNF-4C. and insulin pro 
moter factor-1 (IPF-1) (Yamagata et al., 1996a; Horikawa et 
al., 1997; Yamagata et al., 1996b; Stoffers et al., 1997). 
Mutations in these genes lead to impaired pancreatic B-cell 
function or in the case of the insulin receptor to defects in 
insulin action in target tissues including the pancreatic 
B-cell. In addition to these nuclear-encoded genes, mutations 
in maternally-inherited mitochondrial genes can cause dia 
betes and appear to do So primarily by impairing pancreatic 
f-cell function (Maassen and Kadowaki, 1996). 
0008. The two most common forms of diabetes, type 1 
and type 2 diabetes, have a complex mode of inheritance. 
Type 1 diabetes is a common chronic disorder of children 
which accounts for about 5-10% of all diabetes. It results 
from the autoimmunological destruction of the insulin 
producing cells of the pancreas leading to an absolute 
deficiency of insulin and requirement of insulin therapy for 
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Survival. Type 1 diabetes was the first genetically complex 
disorder to be Studied by large-scale genome-wide Screening 
for Susceptibility genes and these Studies showed the impor 
tance of the HLA region in determining Susceptibility and 
revealed the locations of other loci with Smaller effects on 
susceptibility (Davies et al., 1994; Hashimoto et al., 1994; 
Lernark and Ott, 1998). 
0009 Type 2 diabetes is the most common form of 
diabetes accounting for about 90% of all cases of diabetes 
and affecting 10-20% of those over 45 years of age in many 
developed countries. It is characterized by defects in insulin 
action resulting in decreased glucose uptake by muscle and 
fat and increased hepatic glucose production, and by abnor 
malities in the normal pattern of glucose-stimulated insulin 
Secretion. Type 2 diabetes results from the joint action of 
multiple genetic and environmental factors. Linkage Studies 
have led to the localization of Susceptibility genes for type 
2 diabetes in Mexican Americans (Hanis et al., 1996), in the 
linguistically-isolated Swedish-speaking population living 
in the Botnia region on the western coast of Finland 
(Mahtani et al., 1996), and in the Pima Indians of the 
southwestern United States (Pratley et al., 1998). Each study 
localized Susceptibility to largely different regions of the 
genome Suggesting that different combinations of Suscepti 
bility genes are responsible for type 2 diabetes in these 
various populations. 

0010 Genome-wide screens for susceptibility genes for 
complex disorders have become de rigueur and genes for a 
number of different complex disorders have been Success 
fully localized through linkage Studies. Although disease 
genes for complex disorders can be localized through 
genetic Studies, their identification Still represents a major 
challenge if there are no candidates in the region of interest. 
This is due in part to the fact that recombination events 
cannot be used to unambiguously define the boundaries of 
the region containing the Susceptibility locus because of 
heterogeneity within and between families. The location of 
a gene for a complex disorder is defined by a confidence 
interval which may be and often is quite large. The future of 
genetic Studies of complex disorders depends on the ability 
to identify predisposing genes once they have been mapped. 

0011. There are no examples of the successful identifi 
cation of a gene for a complex disease originally mapped by 
linkage that can be used to guide Such Studies. It has been 
proposed that linkage disequilibrium mapping can be used to 
refine the localization and perhaps identify the disease locus 
(Spielman and Ewens, 1998). However, it is unclear how 
Successful linkage disequilibrium mapping will be when 
only affected Sibpairs are available for Study as is the case 
for many common late-onset disorderS Such as type 2 
diabetes. 

0012 Moreover, experience in identifying genes for 
complex disorders is So limited that it is not known whether 
the Susceptibility is due to only one or a few variants or 
many. The presence of a large number of disease-associated 
variants would confound linkage disequilibrium Studies. 
Thus, there is a need to provide an exemplary protocol for 
the identification of genes in complex disorder and further, 
there is a pressing need to identify the elusive type-2 
diabetes Susceptibility gene. Despite the desirablity of these 
endeavors these needs remain unfulfilled. 
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SUMMARY OF THE INVENTION 

0013 In some aspects, the present invention relates to 
methods for Screening for diabetes comprising: a) obtaining 
Sample nucleic acid from an animal; and b) analyzing the 
nucleic acid to detect a polymorphism in a calpain-encoding 
nucleic acid Segment or a protease-encoding nucleic Seg 
ment; wherein detection of the polymorphism in the nucleic 
acid is indicative of a propensity for type 2 diabetes mellitus. 
In Some cases, the nucleic acid is analyzed to detect a 
polymorphism in a cysteine protease-encoding nucleic acid. 
In Some presently preferred methods, the nucleic acid is a 
calpain-encoding nucleic acid. The nucleic acid may encode 
a portion of a CAPN10 gene. For example, the nucleic acid 
may encode UCSNP-43 of the CAPN10 gene, wherein the 
G-allele has been determined to exist. In particularly pre 
ferred embodiments, the nucleic acid encodes a calpain 10 
polypeptide, for example: calpain 10a, calpain 10b, calpain 
10c, calpain 10d, calpain 10e, calpain 10f, calpain 10g, or 
calpain 10h. The calpain-encoding nucleic acid Segment or 
protease-encoding nucleic Segment may be a DNA, for 
example a cDNA or genomic DNA. In preferred embodi 
ments, the DNA comprises a gene for a calpain or protease. 
The nucleic acid may also be an RNA, for example, an 
mRNA encoding a calpain or protease. 

0.014. In many cases, the methods of the invention will 
involve the Step of analyzing the nucleic acid by Sequencing 
the nucleic acid to obtain a Sequence. The obtained Sequence 
of the nucleic acid may then be compared to a known nucleic 
acid Sequence of a calpain or protease gene to determine 
whether a polymorphism exists. In Some preferred embodi 
ments, the Sequenced nucleic acid encodes a portion of a 
CAPN10 gene, for example, UCSNP-43 of the CAPN10 
gene. In other embodiments, the Sequenced nucleic acid 
encodes a calpain 10 polypeptide, for example, a calpain 
10a, calpain 10b, calpain 10c, calpain 10d, calpain 10e, 
calpain 10f, calpain 10g, or calpain 10h. In presently pre 
ferred embodiments, the obtained Sequence of the nucleic 
acid is analyzed to detect a presence or absence of the 
G-allele at UCSNP-43. 

0.015 Analysis of the nucleic acid for a polymorphism 
may comprise any of a number of Standard molecular 
biological methods known to those of skill. For example, 
PCR, an RNase protection assay, or an RFLP procedure may 
be used. 

0016 Presently preferred methods for screening for dia 
betes according to the above general methods comprise: a) 
obtaining Sample nucleic acid from an animal; and b) 
analyzing the nucleic acid to detect a polymorphism in a 
calpain-encoding nucleic Segment; wherein a polymorphism 
in the calpain-encoding nucleic acid is indicative of a 
propensity for type 2 diabetes mellitus. 

0.017. In other aspects, the invention relates to methods of 
regulating or preventing diabetes in an animal comprising 
the Step of modulating calpain function in the animal. Such 
methods often further comprise diagnosing an animal with 
diabetes via analysis of a calpain-encoding nucleic acid 
Sequence as described above. In anticipated preferred 
embodiments, the calpain-encoding Sequence is a calpain 
10-encoding Sequence. 

0.018 Modulating calpain function may comprise provid 
ing a calpain polypeptide to the animal. The calpain 
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polypeptide may be a native calpain polypeptide, for 
example, a native calpain 10 polypeptide. The native calpain 
10 polypeptide may have an amino acid Sequence as Set forth 
in any of SEQID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ 
ID NO:8, SEQ ID NO:10, SEQ ID NO:12, SEQ ID NO:14, 
SEQ ID NO:16, or SEQ ID NO:18, and/or may be encoded 
by a nucleic acid as set forth in SEQ ID NO:1, SEQ ID 
NO:3, SEQID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQID 
NO:11, SEQID NO:13, SEQ ID NO:15, SEQ ID NO:17, or 
SEQ ID NO:19. The provision of a calpain polypeptide may 
be accomplished by inducing expression of a calpain 
polypeptide. For example, the expression of an calpain 
polypeptide encoded in the animals genome may induced. 
Alternatively, the expression of a calpain polypeptide 
encoded by a nucleic acid provided to the animal may 
induced. The provision of a calpain polypeptide may be 
accomplished by a method comprising introduction of a 
calpain-encoding nucleic acid to the animal. Alternatively, 
the provision of a calpain polypeptide may be accomplished 
by injecting the calpain polypeptide into the animal. In Some 
cases, the modulation of calpain function in the animal 
comprises providing a modulator of calpain function to the 
animal. For example, the modulator of calpain function may 
be an agonist or antagonist of a calpain 10 polypeptide. 
Alternatively, the modulator of calpain function may modu 
late transcription and/or translation of a calpain 10-encoding 
nucleic acid. In many cases, modulation will only occur after 
a diagnosis that an animal has or is Susceptible to diabetes 
via analysis of a calpain-encoding nucleic acid Sequence for 
a polymorphism. 

0019. In other aspects, the invention relates to methods of 
Screening for modulators of calpain function comprising the 
Steps of: a) obtaining an calpain polypeptide; b) determining 
a standard activity profile of the calpain polypeptide; c) 
contacting the calpain polypeptide with a putative modula 
tor; and d) assaying for a change in the Standard activity 
profile. Often, in Such methods, the calpain polypeptide is a 
calpain 10 polypeptide. The Standard activity profile of the 
calpain 10 polypeptide may be determined by measuring the 
binding of the calpain 10 polypeptide to a Synthetic Sub 
Strate. An example of Such a Synthetic Substrate is Suc-Leu 
Tyr-AMC (Vilei et al., 1997). Frequently, obtaining the 
calpain polypeptide comprises expressing the polypeptide in 
a host cell. Although the calpain polypeptide may be isolated 
away from the host cell prior to contacting the calpain 
polypeptide with the putative modulator, in many assays 
known to those of skill in the art, it need not be. 

0020 Preferred methods of screening for modulators of 
calpain function may comprise the steps of: a) obtaining a 
calpain-encoding nucleic acid segment; b) determining a 
Standard transcription and translation activity of the calpain 
nucleic acid Sequence; c) contacting the calpain-encoding 
nucleic acid segment with a putative modulator; d) main 
taining the nucleic acid Segment and putative modulator 
under conditions that normally allow for calpain transcrip 
tion and translation; and e) assaying for a change in the 
transcription and translation activity. 

0021. The invention also relates to calpain modulators 
prepared by a process comprising Screening for modulators 
as described above. 

0022. The invention also relates to isolated and purified 
polynucleotides comprising a calpain 10-encoding 



US 2002/O150896 A1 

Sequence. Such polynucleotides may comprise, for example, 
a Sequence encoding any of calpain 10a, calpain 10b, calpain 
10c, calpain 10d, calpain 10e, calpain 10f, calpain 10g, 
calpain 10h, or mouse calpain 10. Such calpains may have 
an amino acid sequence as set forth in any of SEQ ID NO:2, 
SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID 
NO:10, SEQ ID NO:12, SEQ ID NO:14, SEQ ID NO:16, or 
SEQ ID NO:18. The calpain 10-encoding polynucleotide 
may have a sequence as set forth in any of SEQ ID NO:1, 
SEQID NO:3, SEQID NO:5, SEQ ID NO:7, SEQ ID NO:9, 
SEQ ID NO:11, SEQ ID NO:13, SEQ ID NO:15, SEQ ID 
NO:17, or SEQ ID NO:19. 
0023 The invention also relates to isolated and purified 
calpain 10 polypeptides, for example, polypeptides forming 
calpain 10a, calpain 10b, calpain 10c, calpain 10d, calpain 
10e, calpain 10f, calpain 10g, calpain 10h, or mouse calpain 
10. Such polypeptides may have an amino acid Sequence as 
set forth in any of SEQ ID NO:2, SEQ ID NO:4, SEQ ID 
NO:6, SEQ ID NO:8, SEQ ID NO:10, SEQ ID NO:12, SEQ 
ID NO:14, SEQ ID NO:16, or SEQ ID NO:18. 
0024. The invention relates to method of obtaining a 
calpain 10 polypeptide comprising: a) obtaining a calpain 10 
encoding-polynucleotide; b) inserting the obtained poly 
nucleotide into a host cell; and c) culturing the host cell 
under conditions Sufficient to allow production of the calpain 
10-encoding polypeptide; wherein a calpain 10 polypeptide 
is thereby obtained. The calpain 10 polypeptide may be any 
described above, and may be encoded by any calpain 10 
encoding nucleotide described above. Such methods of 
obtaining calpain 10 polypeptides may comprise eventually 
isolating the calpain 10 polypeptide from the host cell, 
although this is not required for Some applications. 
0.025 In some aspects, the invention relates to an isolated 
and purified polynucleotide comprising a Sequence encoding 
the human G-protein coupled receptor as set forth in SEQID 
NO:21. The invention also relates to an isolated and purified 
polypeptide comprising the amino acid Sequence of the 
human G-protein coupled receptor set forth in SEQ ID 
NO:2O. 

0026. The invention further concerns a method of modu 
lating an insulin Secretory response in an animal comprising 
the Step of modulating calpain function in the animal. 
Modulating calpain function can be by providing a modu 
lator of calpain function to the animal. The modulator can be 
an agonist or antagonist of a calpain polypeptide. In certain 
embodiments, the modulator may be an inhibitor of a calpain 
polypeptide. In preferred embodiments, the inhibitor inhibits 
calpain I and/or calpain II. The inhibitor may be calpeptin or 
calpain inhibitor 2 (N-Ac-Leu-Leu-methioninal, ALLM). 
Alternatively, the inhibitor may be a thiol protease inhibitor, 
Such as E-64-d. 

0027. The invention also concerns a method of modulat 
ing insulin mediated glucose transport in an animal com 
prising the Step of modulating calpain function in the animal. 
Modulating calpain function can be by providing a modu 
lator of calpain function to the animal. The modulator can be 
an agonist or antagonist of a calpain polypeptide. In certain 
embodiments, the modulator may be an inhibitor of a calpain 
polypeptide. In preferred embodiments, the inhibitor inhibits 
calpain I and/or calpain II. The inhibitor may be calpeptin or 
calpain inhibitor 2 (N-Ac-Leu-Leu-methioninal, ALLM). 
Alternatively, the inhibitor may be a thiol protease inhibitor, 
Such as E-64-d. 
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0028. Other aspects of the invention concerns a method 
of increasing an insulin Secretory response in an animal 
comprising the Step of modulating calpain function in the 
animal. Modulating calpain function in the animal can be by 
providing a modulator of calpain function to the animal. The 
modulator of calpain function can be an agonist or antago 
nist of a calpain polypeptide. The modulator may be a thiol 
protease inhibitor, Such as E-64-d. 
0029. The invention also concerns a method of treating 
diabetes in an animal comprising the Step of modulating 
calpain function in the animal. Modulating calpain function 
can be by providing a modulator of calpain function to the 
animal. The modulator can be an agonist or antagonist of a 
calpain polypeptide. In certain embodiments, the modulator 
may be an inhibitor of a calpain polypeptide. In preferred 
embodiments, the inhibitor inhibits calpain I and/or calpain 
II. The inhibitor may be calpeptin or calpain inhibitor 2 
(N-Ac-Leu-Leu-methioninal, ALLM). Alternatively, the 
inhibitor may be a thiol protease inhibitor, such as E-64-d. 
0030 The invention further defines methods of treating 
diabetes by modulating the function of one or more calpains 
in at least one of a B-cell, muscle cell, or fat cell with a 
modulator of calpain function. Again, modulating calpain 
function can be by providing a modulator of calpain function 
to the animal. The modulator can be an agonist or antagonist 
of a calpain polypeptide. In certain embodiments, the modu 
lator may be an inhibitor of a calpain polypeptide. In 
preferred embodiments, the inhibitor inhibits calpain I and/ 
or calpain II. The inhibitor may be calpeptin or calpain 
inhibitor 2 (N-Ac-Leu-Leu-methioninal, ALLM). Alterna 
tively, the inhibitor may be a thiol protease inhibitor, such as 
E-64-d. 

0031. The methods for treating diabetes can be further 
defined as a method comprising inhibiting calpain activity in 
a B-cell with a modulator of calpain function, Stimulating 
calpain activity in a muscle cell or fat cell with a modulator 
of calpain function, or a combination of these actions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032. The following drawings form part of the present 
Specification and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in 
combination with the detailed description of Specific 
embodiments presented herein. 
0033 FIG. 1. Alternative splicing of human calpain 10 
mRNA generates a family of proteins. The patterns of 
alternative Splicing and the organization of the calpain 10 
proteins generated by alternative splicing are shown. The 
four domains that define calpains are noted as are the amino 
acid residues that define the boundaries between domains. 

0034 FIG. 2. Physical map of the NIDDM1 region of 
chromosome 2. This contig spans a region of about 1.7 Mb 
(259-266 cM of the genetic map) and is defined by 73 STSs. 
SNPs (designated UCSNP-1-to-21) are numbered in the 
order in which they were identified and studied. 
0035 FIG. 3. Organization of the NIDDM1 region. The 
49,136 bp region (SEQ ID NO: 1) that was sequenced is 
shown. The intron-exon organizations of the two genes 
found in the sequenced interval, CAPN10 and GPR35 are 
indicated. The locations of the SNPs typed in patients and 
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controls are shown. The absolute distances between the two 
flanking genes GPC1 and ATSV and this region have not 
been determined precisely but are estimated to be <100 kb. 
VNTR-2 is estimated to be ~4 kb and consist of 100 or more 
copies of an imperfect 29 bp repeat (range 26-39 bp), the 
consensus sequence of which is TCTCAGAGTGGGGT 
GAGGCTGTGATGGGG (SEQ ID NO:29). This region is 
unstable and was deleted in the BAC and PAC clones that 
the inventors examined with b123N19 having only 12 
repeats and p278G8 having only 3. VNTR-2 could not by 
typed by PCRTM. VNTR-1 is a perfect 19 bp repeat that 
could be typed by PCRTM. 
0.036 FIG. 4. RNA blot showing expression of calpain 
10 mRNA in human tissues. The positions of RNA size 
markers are shown on the left. 

0037 FIG. 5. Alignment of the predicted amino acid 
Sequence of human calpain 10a with representative members 
of the large subunit calpain family. The four domains of the 
calpains are indicated. This alignment was generated with 
CLUSTAL X. rCAPN8 (SEQ ID NO:27) and hCAPN9 
(SEQ ID NO:28) denote nCL-2 and -4, respectively. The 
mouse and rat sequences for calpain 6 (mCAPN10, SEQID 
NO:26) and calpain 8 (rCAPN10, SEQ ID NO:27) are 
shown. The GenBank accession numbers and Sequence ID 
listings for the sequences shown here are: hCAPN1, 
X04366, SEQ ID NO:22; hCAPN2, M23254, SEQ ID 
NO:23; hoAPN3, X85030, SEQ ID NO:24; hCAPN5, 
Y10552, SEQ ID NO:25; mcAPN6, Y12582, SEQ ID 
NO:26; rCAPN8, D14479, SEQ ID NO:27; hCAPN9, 
AF022799, SEQ ID NO:28; and hCAPN10, AF089088, 
SEO ID NO:2. 

0.038 FIG. 6. Unrooted phylogenetic tree of calpain large 
Subunit family. Multiple Sequence alignment was performed 
with CLUSTAL X. The phylogenetic tree was generated 
using the neighbor joining method based on the number of 
amino acid Substitutions. Branch lengths are proportional to 
the inferred phylogenetic distances. The tree was drawn 
using TREEVIEW. 
0039 FIG. 7A and FIG. 7B. FIG. 7A. Interaction 
between NIDDM1 and CYP19. Multipoint allele-sharing 
analysis of chromosome 15 weighted by the evidence for 
linkage at NIDDM1 on chromosome 2. FIG. 7B. Interaction 
between NIDDM1 and CYP19. Multipoint allele-sharing 
analysis of chromosome 2 weighted by the evidence for 
linkage at CYP19 on chromosome 15. 
0040 FIG. 8A, FIG. 8B, FIG. 8C, and FIG. 8D. Effect 
of protease inhibitors on the insulin Secretory response to 
glucose in mouse pancreatic islets, FIG. 8A, and FIG. 8B. 
Insulin Secretion by mouse islets incubated in the presence 
of 2 mM glucose (open bars) and 20 mM glucose (hatched 
bars) in the absence and presence of 200 uM E-64-d (FIG. 
8A) and 250 uMALLM (FIG. 8B). Results are mean+SEM 
of 6 studies in each case. *p-0.05 compared to islets 
incubated in 20 mM glucose in the absence of calpain 
inhibitors. FIG. 8C and FIG. 8D. Effect of increasing 
concentrations (uM) of E-64-d (FIG. 8C) and ALLM (FIG. 
8D) on the insulin secretory response to 2 mM glucose (open 
bars) and 20 mM glucose (hatched bars). Results are 
meant-SEM of 5-6 studies in each group. *p-0.05 compared 
to islets incubated in the absence of calpain inhibitors. 
0041 FIG.9A, FIG.9B and FIG.9C. Effect of protease 
inhibitors on the insulin Secretory response to glucose and 
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other Secretagogues in mouse pancreatic islets. FIG. 9A 
Insulin Secretion by islets incubated at various glucose 
concentrations in the absence (open bars) and presence 
(hatched bars) of 100 uMALLM. Results are meani-SEM of 
4-7 studies per group. *p-0.05 compared to islets incubated 
in the absence of ALLM. FIG. 9B. Insulin secretion by 
perifused islets in response to stimulation with 20 mM 
glucose (6-20min, solid bar). The perifusate contained 2 mM 
glucose except where shown. Islets were preincubated for 4 
hr either in the absence of calpain inhibitors () or in the 
presence of 100 uM ALLM (O) or 200 uM E-64-d (A). In 
Studies involving inhibitors, ALLM was present throughout 
the study but E-64-d which is an irreversible cysteine 
protease inhibitor was present only during the pre-incuba 
tion. Results are meant-SEM of 3 studies in each group. 
FIG. 9C. Insulin secretion by mouse islets incubated in the 
presence of 2 mM glucose (2), 8 mM glucose (8), 250 uM 
carbachol (CCh) or 50 nM GLP-1 (GLP-1) in the presence 
of 8 mM glucose and 30 mM KCl in the presence of 2 mM 
glucose (KCl). Islets were incubated either in the absence 
(open bars) or presence (hatched bars) of 100 uM ALLM. 
Results are meant-SEM of 6 separate studies. *p-0.05 
compared to islets incubated in the absence of ALLM. 
0042 FIG. 10A and FIG. 10B. Measurements of mem 
brane capacitance in isolated B-cells. Capacitance measure 
ments reveal a large increase in insulin Secretion after 
pretreatment with ALLM (100 uM). Using the perforated 
whole-cell recording configuration, B-cells were Stimulated 
with a train of ten step depolarizations to +20 mV (HP=-80 
mV). Each depolarization lasted 150 ms and was separated 
by 400 ms interpulse duration. FIG. 10A. Representative 
capacitance traces obtained from a control B-cell (top) and 
from a different cell pre-treated with ALLM (100 uM, 
bottom). FIG. 10B. Average peak change in membrane 
capacitance elicited by trains of depolarizations from control 
(open bar, n=9) and ALLM pre-treated cells (hatched bar, 
n=11). Data are meani-SEM, * indicates p<0.05. 
0.043 FIG. 11A, FIG. 11B, FIG. 11C, FIG. 11D, FIG. 
11E and FIG. 11F. Effect of protease inhibitors on Cat", 
whole cell calcium currents and NAD(P)H responses to 
glucose in mouse islets. FIG. 11A and FIG. 11B. Ca", 
responses to 14 mM glucose (open bar), washout (2 mM 
glucose) and stimulation with 30 mM KCl in the continued 
presence of 2 mM glucose (filled bar). 340/380 ratio is an 
indirect measure of intracellular free calcium (Cal.) Islets 
were preincubated for 4 hr either in the absence (FIG. 11A) 
or presence (FIG. 11B) of 100 uM ALLM inhibitor-2. 
Similar results were obtained with E-64-d. FIG. 11C. 
ALLM pre-treatment did not alter whole-cell calcium cur 
rents recorded in B-cells. Representative calcium currents 
recordings obtained from a control cell (0.1% DMSO, top) 
and from a different cell pre-treated with ALLM (100 uM, 
bottom) are shown. FIG. 11D. The average peak calcium 
current density (peak current divided by cell size) for control 
(left, open bar, 34.2+2.2 pA?pF, n=18) and for ALLM (100 
uM) pre-treated cells (right, hatched bar, 36.7+3.9 pA?pF, 
n=15). FIG. 11E and FIG. 11F. Changes in NAD(P)H 
fluorescence in response to Stimulation with 14 mM glucose 
(open bar) in mouse islets. Islets were preincubated for 4 hr 
either in the absence (FIG. 11E), or presence (FIG. 11F) of 
100 uM ALLM inhibitor-2. 
0044 FIG. 12A and FIG.12B. Effects of protease inhibi 
tors on calpain activity in islets. FIG. 12A Mouse islets were 
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preincubated for 4 hr either in the absence of inhibitors () 
or in the presence of 200 uM ALLM (O) or 200 uM 
E-64-d (A). Islets were then incubated in KRB containing 
10 uM Boc-Leu-Met-CMAC from 0 min and fluorescence 
emitted by the calpain proteolytic product was measured 
following excitation by light at 340 nM. Data represent 
meant-SEM of 3-4 separate experiments. FIG. 12B. The area 
under the curve (AUC) of fluorescence generation in the 
absence of calpain inhibitors (open bar, n=4) and in the 
presence of ALLM (hatched bar, n=3) and E-64-d (solid bar, 
n=4) were compared. *p-0.05, compared to islets incubated 
in the absence of inhibitor. 

004.5 FIG. 13A, FIG. 13B and FIG. 13C. Effects of 
protease inhibitors on insulin action in adipocytes and 
skeletal muscle. FIG. 13A. Effects of insulin alone () or 
insulin in the presence of 100 uM ALLM (O) or 200 uM 
E-64-d (A) on 2-deoxyglucose uptake into rat adipocytes. 
Insulin concentrations (nmol/L) are shown on the horizontal 
axis. * denotes p<0.05 compared to cell incubated in the 
absence of insulin. FIG. 13B. Effect of ALLM (100 uM) and 
E-64-d u200 (M) on 2-deoxyglucose uptake by skeletal 
muscle. Soleus muscle Strips from normal adult male rats 
were incubated in the absence (open bars) or presence 
(hatched bars) of 12 nM insulin and in the absence (control) 
and presence of protease inhibitors as shown. Results are 
meant-SEM of 5 separate studies. #p-0.05 compared to 
muscles incubated in the absence of inhibitor. FIG. 6c. 
Effect of ALLM and E-64-d on glycogen synthesis rates in 
skeletal muscle. Muscle Strips were incubated in the absence 
(open bars) or presence (hatched bars) of 6 nM insulin and 
in the absence (control) and presence of inhibitor as shown. 
Results are meant-SEM of 6 separate studies. * p-0.05 
compared to muscles incubated in the absence of insulin, 
#p-0.05 compared to muscles incubated in the absence of 
inhibitor. 

0.046 FIG. 14. Effect on glucose stimulated insulin 
Secretion by islets following 48 hour exposure to calpain 
inhibitors, ALLM or E64-d. 

0047 FIG. 15. Insulin content of islets following 48 hour 
exposure to calpain inhibitors, ALLM or E64-d. 
0.048 FIG. 16. Dose response of glucose stimulated 
insulin secretion by calpain inhibitor II. 
0049 FIG. 17. Long term inhibitory effects of calpain 
inhibitors on glucose Stimulated insulin Secretion of per 
fused islets. 

0050 FIG. 18. Recovery of normal glucose stimulated 
insulin Secretion after two days in islets following 48 hour 
calpain inhibitor treatment. 
0051 FIG. 19. Stimulated insulin secretory response to 
glyceraldehyde, keto-isocaproic acid (KIC) and KCl follow 
ing 48 hour calpain inhibitor treatment. 
0.052 FIG. 20. Stimulated insulin secretory response to 
mastoparan and carbachol following 48 hour calpain inhibi 
tor treatment. 

0.053 FIG. 21. Intracellular free calcium responses to 
glucose, KIC and KCl in islets following 48 hour calpain 
inhibitor treatment. 

0.054 FIG. 22. Glucose metabolism in islets following 
48 hour calpain inhibitor treatment. 

Oct. 17, 2002 

0.055 FIG. 23. NAD(P)H autofluorescence changes in 
response to glucose or KIC in islets following 48 hour 
calpain inhibitor treatment. 
0056 FIG. 24. Lower rates of exocytosis in beta cells 
following 4 day calpain inhibitor treatment. 
0057 FIG. 25. Enlarged acidic vesicles in beta cells 
following 48 hour calpain inhibitor treatment. 
0.058 FIG. 26. Residual calpain activity in intact islets 
following 48 hour calpain inhibitor treatment. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0059. Despite the fact that it has been known for many 
decades that a failure in an absolute or relative deficiency of 
the hormone insulin lead to diabetes, the genetic basis of 
Susceptibility to diabetes remains elusive. Diabetes is a 
major cause of health difficulties in the United States. Type 
2 diabetes mellitus (also referred to as non-insulin-depen 
dent diabetes mellitus-NIDDM) is a major public health 
disorder of glucose homeostasis affecting about 5% of the 
general population in the United States. The causes of the 
fasting hyperglycemia and/or glucose intolerance associated 
with this form of diabetes are not well understood. 

0060 Type 2 diabetes has onset in mid-life or later. This 
disorder or maturity-onset diabetes of the young (MODY) 
shares many features with the more common form(s) of type 
2 diabetes the onset of which occurs in mid-life. Maturity 
onset diabetes of the young (MODY) is a form of diabetes 
mellitus that is characterized by an early age at onset, 
usually before 25 years of age, and an autosomal dominant 
mode of inheritance (Fajans, 1989). Except for these fea 
tures, the clinical characteristics of patients with MODY are 
Similar to those with the more common late-onset form(s) of 
type 2 diabetes. The genes for Susceptibility to MODY have 
been characterized and described in WO 98/11254, which is 
the PCT counterpart to U.S. patent application Ser. No. 
08/927,219, filed Sep. 9, 1997. These documents are incor 
porated herein by reference in their entirety, as providing 
disclosure of diagnostic and prognostic aspects of MODY. 
0061 Type 2 diabetes results from the joint action of 
multiple genetic and environmental factors. Linkage Studies 
have led to the localization of Susceptibility genes for type 
2 diabetes in Mexican Americans, in the linguistically 
isolated Swedish-speaking population living in the Botnia 
region on the western coast of Finland, and in the Pima 
Indians of the southwestern United States. Each study local 
ized Susceptibility to largely different regions of the genome 
Suggesting that different combinations of Susceptibility 
genes are responsible for type 2 diabetes in these various 
populations. 
0062) The genome-wide search for type 2 diabetes genes 
in the Mexican Americans community of Starr County, TeX., 
localized a major susceptibility locus, NIDDM1, to the 
region of D2S125-D2S140 (multipoint lod score=4.03, 
P=8.2x10'). The inventors' results and those of others 
indicate that NIDDM1 has a less important role in deter 
mining diabetes Susceptibility in non-Hispanic white (Ger 
man, French, Sardinian, British and Finnish) and Asians 
(Japanese) populations than it does in Mexican Americans 
(Hanis et al., 1996; Mahtani et al., 1996; Hanis et al., 1997; 
Thomas et al., 1997: Ciccarese et al., 1997, Gosh et al., 
1998). 
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0.063. The inventors strategy for positionally cloning 
NIDDM1 was designed to capitalize on linkage disequilib 
rium, if it is present, but Still recognize disease-associated 
variation in its absence by utilizing information on the 
interaction between NIDDM1 and other susceptibility loci. 
Here, the inventors demonstrate that it is possible to posi 
tionally clone a gene for a complex disorder Solely on the 
basis of its map position using Standard molecular genetic 
methods coupled with novel analytic techniques. The inven 
tors show that NIDDM1 encodes a novel calpain-like cys 
teine protease that the inventors have given the name 
diabetes calpain or "diapain.” This result defines a new 
pathway leading to the development of type 2 diabetes. 

0064. In order to determine whether evidence that the 
presence of NIDDM1 is associated with increased risk for 
the development of type 2 diabetes in a predisposed popu 
lation could be detected, 106 Mexican American subjects 
from Starr County, Tex., were selected, each of whom had at 
least two first degree relatives with type 2 diabetes but none 
of whom had a personal history of previously diagnosed 
diabetes. The inventors found Strong physiological evidence 
for an important role of this gene as a primary cause of type 
2 diabetes. More particularly, the present invention shows 
that that there are a combination of pathophysiological 
defects (insulin resistance, impaired glucose tolerance and 
defective insulin Secretion) in Subjects who are homozygous 
GG at UCSNP-43 prior to the onset of overt type 2 diabetes. 
These results are briefly discussed herein below and dis 
cussed in further detail in the Examples. 

0065. The inventors used oral glucose tolerance testing to 
monitor pathophysiological abnormalities associated with 
NIDDM1. This is a standard test used to measure the 
response of islet cells to a glucose bolus and is currently 
recognized as the test in most wide-spread use for diabetes 
detection. The normal range of fasting glucose concentra 
tions is 110 mg/dl. Following glucose ingestion glucose 
concentrations increase. The threshold value that defines 
normal glucose tolerance is below 140 mg/dl., any individual 
having a glucose concentration value above this threshold is 
defined, by WHO criteria, as having impaired glucose tol 
CCC. 

0.066 Using subjects possessing a family history of dia 
betes who do not have diabetes themselves but who are 
homozygous GG at UCSNP-43, the inventors were able to 
demonstrate a number of abnormalities by oral glucose 
tolerance testing. First, these individuals demonstrate fasting 
hyperinsulinemia Suggesting the presence of insulin resis 
tance. Second, these individuals were shown to have 
elevated average plasma glucose concentrations 120 min. 
after ingestion of 75 g glucose orally to within a range that 
defines impaired glucose tolerance a condition widely rec 
ognized to be associated with a significant increased risk for 
the Subsequent development of type 2 diabetes. Further, 
these individuals characteristically have reduced insulin 
concentrations 30 min. after ingestion of 75 g glucose. 
Reduced insulin concentrations in response to the oral 
ingestion of nutrients is one of the hallmarks of type 2 
diabetes. A similar defect is therefore present in Subjects 
homozygous GG at UCSNP-43 even before the onset of 
diabetes. 

0067 Thus, the present invention concerns the early 
detection, diagnosis, prognosis and treatment of type 2 
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diabetes. The present invention describes for the first time a 
Sequence and mutations in a diapain gene responsible for 
type 2 diabetes Susceptibility. The Specific mutation and 
identity of the corresponding wild-type genes from diabetic 
Subjects, are disclosed. These mutations are indicators of 
type-2 related diabetes and are diagnostic of the potential for 
the development of diabetes. It is envisioned that the tech 
niques disclosed herein will also be used to identify other 
gene mutations responsible for other forms of diabetes. 

0068 Those skilled in the art will realize that the nucleic 
acid Sequences disclosed will find utility in a variety of 
applications in diabetes detection, diagnosis, prognosis and 
treatment. Examples of Such applications within the Scope of 
the present invention include amplification of markers of 
NIDDM using specific primers; detection of markers of 
diapain by hybridization with oligonucleotide probes, incor 
poration of isolated nucleic acids into vectors and expression 
of Vector-incorporated nucleic acids as RNA and protein; 
development of immunologic reagents corresponding to 
gene encoded products, and therapeutic treatment for the 
identified type 2 diabetes using these reagents as well as 
anti-Sense nucleic acids or other inhibitorS Specific for the 
identified type 2 diabetes. The present invention further 
discloses Screening assays for compounds to upregulate 
gene expression or to combat the effects of the calpain 10 
gene(s). 

0069. A. Diabetes 
0070 Diabetes mellitus affects approximately 5% of the 
population of the United States and over 120 million people 
worldwide (King et al., 1998, Harris et al., 1992). A better 
way of identifying the populace who are at risk of devel 
oping diabetes is needed as a Subject may have normal 
plasma glucose compositions but may be at risk of devel 
oping overt diabetes. These issues could be resolved if it 
were possible to diagnose Susceptible people before the 
onset of overt diabetes. This is presently not possible with 
Subjects having classical diabetes due to its multifactorial 
nature. 

0071. The clinical characteristics that are seen in patients 
with type 2 diabetes include frequent Severe fasting hyper 
glycemia, the need for oral hypoglycemic agents, eventual 
insulin requirements, and vascular and neuropathic compli 
cations (Fajans et al., 1994; Menzel et al., 1995). 
0072 The number of genes and allelic variants that 
influence the development of a complex trait Such as type 2 
diabetes is uncertain. The inventors’ studies in the Mexican 
American population of Starr County, TeX., indicate that 
type 2 diabetes in this group results from the interactions of 
a major gene that accounts for about 35% of the familial 
clustering with perhaps as many as 11 loci of Smaller effect 
(Hanis et al., 1996). The inheritance of type 2 diabetes in this 
population appears to be oligogenic with interactions 
between 2-3 loci in each individual being the primary 
determinant of Susceptibility. 
0073 While linkage studies have shown that it is possible 
to map Susceptibility genes, the identification of the gene 
and nucleotide variants that influence Susceptibility is a 
forbidding task and one for which there is no precedent. 
Here, the inventors have shown that it is possible to find the 
one gene in 100,000 and the one nucleotide in 3,300,000,000 
that affect Susceptibility using positional cloning Strategies 
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employed for the identification of mutations in Single-gene 
disorders together with novel analytic techniques. The 
implications for Studies of complex disorders are clear. 
0.074 Genetic studies of disorders such as type 2 diabetes 
which have onset in middle-age pose a number of chal 
lenges. The late age at onset (the mean age at diagnosis for 
men and women in the inventors’ Study population was 
50.0+11.6 and 48.7+10.7 (meaniSD) years, respectively) 
makes it difficult to identify complete nuclear families. One 
or both parents are often not available, in part because of the 
early mortality associated with diabetes, and the children of 
affected individuals have not yet developed the condition. 
The inventors have used affected sib-pairs without parents in 
their Studies which limits the types of analyses that can be 
used to assess linkage disequilibrium to comparisons of 
allele frequencies between cases and controls from the same 
community. While this may not be considered optimal, it did 
not hinder the inventors search for NIDDM1 and it is 
unclear that the search would have proceeded differently 
even if nuclear families had been available thus permitting 
the use of robust tests of linkage disequilibrium Such as the 
transmission/disequilibrium test (Spielman and Ewens, 
1998). 
0075) The identification of NIDDM1 proceeded simulta 
neously with the generation of a physical map, the bound 
aries of which were defined by the 1-lod confidence interval, 
the identification of diallelic polymorphisms, usually SNPs, 
in both ESTs and STSs, and tests of linkage and association 
of these polymorphisms, and haplotypes formed from ada 
cent polymorphisms, with type 2 diabetes. The results of 
each analysis refined the focus of the inventors Search 
finally identifying a G-to-Apolymorphism (UCSNP-43) as 
being responsible for all the evidence for linkage with type 
2 diabetes. This polymorphism acts in a recessive manner 
with individuals homozygous for the high frequency G-al 
lele being at increased risk of developing diabetes. 
0076) The inventors identified 166 DNA polymorphisms 
during the course of this study of which 62 were typed in at 
least 100 affected and 100 random controls usually by DNA 
Sequencing. In addition, the inventors resequenced a 50 kb 
region in ten individuals to ensure that they had identified all 
common variants in the region and could exclude each as 
being the basis of the evidence of linkage with type 2 
diabetes. No other polymorphism exhibited the magnitude 
of effect attributable to the variation at UCSNP-43. It seems 
unlikely that the effects at UCSNP-43 are due to chance and 
that NIDDM1 is another of the SNPs examined that account 
for Substantially less of the evidence of linkage. It is also 
unlikely that the actual variant lies outside the region that the 
inventors have Sequenced. Such a variant would be more 
than 6,225 bp from UCSNP-43 and it would have to be in 
strong linkage disequilibrium with SNP-43 and have a 
Similar frequency. Such a combination is unlikely given the 
admixture of the Mexican American population-the alleles 
would have to have been present at Similar frequencies in 
both major founder populations. Nor do the inventors 
believe that the original evidence for linkage was a false 
positive and they have merely localized that false positive 
Signal to a Single polymorphism. This is unlikely since 
UCSNP-43 accounts for all the evidence for linkage not only 
in the original data Set but also in a Smaller replicate Sample. 
The results strongly suggest that UCSNP-43 is the variant 
responsible for the effects attributed to NIDDM1. 
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0077. The nucleotide variant responsible for all the evi 
dence for linkage with type 2 diabetes is located in the gene 
encoding a novel calpain, calpain 10. The role of this novel 
calpain, in diabetes is discussed at length herein below. 
0078 Existing Diabetes Therapies 
0079 Sulfonylureas exert hypoglycemic action and 
inhibit potassium channel transport by binding to proteins at 
the potassium channel. Of the compounds commonly known 
as Sulfonylureas, glyburide is considered the most potent 
because it binds most firmly and for a longer time to the 140 
kda protein at the potassium channel of all tissueS of the 
body. Micronized glyburide or small particle glyburide is 
absorbed more rapidly from the gastrointestinal tract than 
non-micronized glyburide. 
0080 Oral hypoglycemic agents such as tolazamide, 
tolbutamide, chlorpropamide, micronized and non-micron 
ized glyburide, glimepiride, glypizide, metformin, and phen 
formin have been available as oral treatments for diabetes, 
typically non-insulin dependent (Type II) diabetes. Oral 
hypoglycemic agents in general are disadvantageous 
because the extent , predictability and duration of the 
antidiabetic effect is unpredictable and these agents are often 
characterized by primary or Secondary failure. Because oral 
hypoglycemic agents exhibit inconsistent hypoglycemic 
benefit, insulin therapy is preferred. 
0081 For those diabetics in which current oral medica 
tion does not offer Sufficient control of their condition, 
insulin injections are necessary. Daily injections offer a 
number of risks, including hypoglycemia, wide fluctuations 
in glucose concentrations requiring multiple daily Serum 
glucose determinations and multiple insulin injections, and 
Strict dietary control which then leads to the issue of poor 
compliance. Other disadvantages include difficulty in Self 
administration of an accurate dose, especially by the elderly 
or infirmed patients. Epidemiological data shows that over 
85% of insulin treated diabetics in the United States are 
poorly controlled. As a result, 150 billion dollars per year is 
spent treating the devastating complications of the illness. 
0082 Some patients are virtually impossible to treat with 
insulin because their cells cannot effectively utilize or are 
resistant to insulin therapy. As a result of the lack of 
glycemic control, diabetic patients often experience a vari 
ety of conditions including: neuropathy, nephropathy, car 
diomyopathy, fetinopathy, coronary and peripheroVascular 
disease and the like. These complications occur due to the 
unachieved glycemic control that results from failure of the 
insulin, diet and/or exercise only approach. 
0083 Diabetes refers to a disease process derived from 
multiple causative factors and characterized by elevated 
levels of plasma glucose or hyperglycemia. Uncontrolled 
hyperglycemia is associated with increased and premature 
mortality due to an increased risk for microvascular and 
macrovascular diseases, including nephropathy, neuropathy, 
retinopathy, hypertension, Stroke, and heart disease. There 
fore, control of glucose homeostasis is a critically important 
approach for the treatment of diabetes. 
0084 Type I diabetes (IDDM) is the result of an absolute 
deficiency of insulin, the hormone which regulates glucose 
utilization. Type II, noninsulin dependent diabetes mellitus 
(NIDDM) is due to a profound resistance to insulin stimu 
lating or regulatory effect on glucose and lipid metabolism 



US 2002/O150896 A1 

in the main insulin-Sensitive tissues, muscle, liver and 
adipose tissue. This resistance to insulin responsiveness 
results in insufficient insulin activation of glucose uptake, 
oxidation and Storage in muscle and inadequate insulin 
repression of lipolysis in adipose tissue and of glucose 
production and Secretion in liver. 
0085. The several treatments for NIDDM, which has not 
changed Substantially in many years, are all with limitations. 
While physical exercise and reductions in dietary intake of 
calories will dramatically improve the diabetic condition, 
compliance with this treatment is very poor because of 
well-entrenched Sedentary lifestyles and exceSS food con 
Sumption, especially high fat-containing food. Increasing 
the plasma level of insulin by administration of Sulfony 
lureas (e.g. tolbutamide, glipizide) which stimulate the pan 
creatic .beta.-cells to Secrete more insulin or by injection of 
insulin after the response to Sulfonylureas fails, will result in 
high enough insulin concentrations to Stimulate the very 
insulin-resistant tissues. However, dangerously low levels of 
plasma glucose can result from these last two treatments and 
increasing insulin resistance due to the even higher plasma 
insulin levels could theoretically occur. The biguanides 
increase insulin Sensitivity resulting in Some correction of 
hyperglycemia. However, the two biguanides, phenformin 
and metformin, can induce lactic acidosis and nausea/diar 
rhea, respectively. 
0.086 Thiazolidinediones (glitazones) are a recently dis 
closed class of compounds that are Suggested to ameliorate 
many symptoms of NIDDM. These agents increase insulin 
Sensitivity in muscle, liver and adipose tissue in several 
animal models of NIDDM resulting in complete correction 
of the elevated plasma levels of glucose, triglycerides and 
nonesterified free fatty acids without any occurrence of 
hypoglycemia. However, Serious undesirable effects have 
occurred in animal and/or human Studies including cardiac 
hypertrophy, hemadilution and liver toxicity resulting in few 
glitaZones progressing to advanced human trials. 
0.087 Biguanide drugs, while not used in this country, are 
being tested in clinical trials as hypoglycemic agents (Kat 
Zung p. 598-599). Likewise, pioglitazone is being tested in 
clinical trials as a hypoglycemic agent (Hoffman and Colca, 
Diabetes Care, 15:1075-1078, 1992; Koybayashi et al., 
Diabetes, 41:476-483, 1992. Although these agents are 
being tested to evaluate usefulneSS in decreasing insulin 
resistance, no mechanism has been described to explain how 
they exert their effects. As has been found with sulfony 
lureas, the bignanides and pioglitaZone may be found to be 
ineffective in a large percentage of patients, or the effec 
tiveness of the agents may decline with longterm use. New 
therapeautic agents to decrease insulin resistance need to be 
identified and brought to clinical practice. 
0088 B. Calpain 
0089 Calpain is a calcium-activated neutral protease, 
also known as CAPN; EC 3.4.22.17. It is an intracellular 
cysteine protease which is ubiquitously expressed in mam 
malian tissues (Aoki et al., 1986). Calpain has been impli 
cated in many degenerative diseases including, but not 
limited to, neurodegeneration (Alzheimer's disease, Hun 
tington's disease, and Parkinson's disease), amyotrophy, 
Stroke, motor neuron damage, acute central nervous System 
(CNS) injury, muscular dystrophy, bone resorption, platelet 
aggregation, and inflammation. 
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0090 Mammalian calpain, including human calpain, is 
multimeric. It consists of two different Subunits, which are 
a 30 kDa subunit and an 80 kDa subunit, and, therefore, is 
a heterodimer. There are two forms of calpain, calpain I 
(um-calpain, umCAPN) and calpain II (m-calpain, 
mCAPN), which differ in their sensitivities to the concen 
tration of calcium necessary for activation. Calpain I 
requires only low micromolar concentrations of calcium for 
activation, whereas calpain II requires high micromolar or 
millimolar levels (Aoki et al., 1986; DeLuca et al., 1993). 
The same 30 kDa subunit is common to both forms. The two 
human calpains differ in the Sequences of the DNA encoding 
their 80 kDa subunit, sharing 62% homology. There is 
evidence that the 80 kDA Subunit is inactive, but that it is 
autolyzed to a 76 kDa active form in the presence of calcium 
(Zimmerman et al., 1991). The large catalytic subunit can be 
divided into four domains: domain I, the N-terminal regu 
latory domain that is processed upon calpain activation; 
domain 1I, the protease domain homologous to papain; 
domain III, a linker domain of unknown function; and 
domain IV, the calmodulin-like Ca"-binding domain. 
0091 Calpain Inhibitors 
0092 Commercially available in vitro inhibitors of 
Calpain include peptide aldehydes Such as leupeptin (Ac 
Leu-Leu-Arg-H), as well as epoxySuccinates Such as E-64. 
These compounds are not useful in inhibiting Calpain in 
Vivo because they are poorly membrane permeant. Also, 
many of these inhibitors are poorly specific and will inhibit 
a wide variety of proteases in addition to Calpain. These 
commercially available compounds are based upon peptide 
structures that are believed to interact with the Substrate 
binding Site of Calpain. Active groups associated with the 
Calpain inhibitors then either block or attack the catalytic 
moiety of Calpain in order to inhibit the enzyme. 
0093. In addition, other types of compounds thought to 
possess in vitro Calpain inhibitory activity that are not 
commercially available have been reported. Several classes 
of calpain inhibitors have been identified and found to 
provide protection against a variety of neurodegenerative 
diseases and conditions (Bartus et al., WO92/11850). Other 
examples of calpain inhibitors include the peptide diaz 
omethanes (Rich, 1986). These peptide diazomethanes are 
Similarly thought to be poorly membrane permeant and 
non-specific. 
0094 Calpeptin is another calpain inhibitor (Tsujinaka, et 
al, 1988). It was created by modifying the N-terminal of 
Leu-norleucinal or Leu-methioninal to obtain a cell penetra 
tive peptide inhibitor against calpain. Calpeptin is a potent 
Synthetic inhibitors in terms of preventing the Ca2+-iono 
phore induced degradation of actin binding protein and P235 
in intact platelets. 
0.095 Calpain inhibitor 2 (N-Ac-Leu-Leu-methioninal, 
ALLM) has been used in a number of studies looking at its 
effects on normal cellular physiology. These include Secre 
tion from isolated rat alveolar epithelial cells (Zimmerman 
et al., 1995), muscle cell differentiation (Ueda et al., 1998), 
apoptosis in embryonic chicken neurons (Villa et al., 1998), 
and extralysosomal proteolysis in cells, Such as what occurs 
following cellular injury (Posmantur et al., 1997; 
Figueiredo-Pereira et al., 1994). Calpain inhibitor 2 prefer 
entially inhibits milli (m)-calpain, while calpain inhibitor 1 
(N-acetyl-leucyl-leucyl-norleucinal) preferentially inhibits 
micro (mu)-calpain. 
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0096. There is some evidence that certain particular 
inhibitors of Calpain have certain therapeutic utilities. For 
example, leupeptin can facilitate nerve repair in primates. 
Loxastatin (also known as EST, Ep-460 or E-64d), a deriva 
tive of E-64, is believed to have utility in the treatment of 
muscular dystrophy. E-64d, while not having significant 
protease inhibitory activity itself, is believed to be converted 
to more potent forms, Such as to E-64c, inside a mammalian 
body. E-64 is commercially available from CalBiochem 
(San Diego, Calif.), Sigma Chemical Co. (St. Louis, Mo.), 
and Boehringer Mannheim (Indianapolis, Ind.). Other 
acceptable thiol protease inhibitors include analogs of E-64 
(Hashida et al., 1980; Barrett et al; Hanada et al., 1983) and 
the reversible protease inhibitor, leupeptin (Umezawa, 
1976). 
0097 Calpastatin 
0.098 Endogenous protein inhibitors of calpains, called 
calpastatins, are heat-stable polypeptides with high Speci 
ficity for calcium-dependent proteinases. Calpastatins are 
essential factors in the in vivo regulation of CAPN activity, 
and perturbations of this ratio of inhibitor to enzyme in 
non-neural tissues have the predicted consequences on 
CAPN activity in cells. 
0099 Calpastatins, the specific protein inhibitors of 
CAPN, are also widely distributed among tissues. First 
identified in 1978 (Waxman et al., 1978), calpastatins have 
Since been purified from Several different Sources. Although 
each of the purified species shares the properties of heat 
stability and strict specificity for CAPN, there is no consen 
SuS on the number of forms of calpastatin within Single cells 
or among different cell types. The recent characterization of 
a calpastatin cDNA isolated from a rabbit cDNA library 
(Emori et al., 1987) revealed a deduced sequence of 718 
amino acid residues (M.Sub.r=76,964) containing four con 
secutive internal repeats of approximately 140 amino acid 
residues, each expressing inhibitory activity (Emori, et al., 
1987). This deduced molecular weight is significantly lower 
than the molecular weight of rabbit skeletal muscle calp 
astatin (M.Sub.r=110,000), suggesting that the inhibitor 
migrates anomalously on SDS gels and may be post-trans 
lationally modified. 
0100 Other studies suggest that additional molecular 
forms of calpastatin may be present in tissues. Although 110 
kDa calpastatin is observed in rabbit and bovine skeletal 
muscle (Nakamura et al., 1985; Otsuka et al., 1987), porcine 
cardiac muscle (Takano et al., 1986) and human liver 
(Imajoh et al., 1984), other molecular forms of calpastatin 
have also been isolated, including a 68kDa form from chick 
skeletal muscle (Ishiura et al., 1982) and porcine erythro 
cytes (Takano et al., 1986), a 50 kDa heterodimer from 
rabbit skeletal muscle (Nakamura et al., 1984) and 34 kDa 
forms from rabbit skeletal muscle (Takahashi-Nakamura et 
al., 1981) and rat liver (Yamato et al., 1983). The sensitivity 
of calpastatin to proteolysis has Suggested that Smaller 
polypeptide chains containing inhibitory activity might be 
derived from larger precursors during purification, or in 
Vivo. Although certain of these low molecular weight calp 
astatins resemble the higher molecular weight forms, their 
derivation from the same gene product has not been estab 
lished. 

0101 Calpastatin which is a specific inhibitory protein as 
to calpain, is known, and is expected to be applicable as an 
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effective therapeutic agent for various excessive calpain 
related Syndromes. Calpastatin is, however, a high molecular 
weight protein and hence it will be difficult to use as a 
medicine. 

0102 Calpain 10 is a Novel Calpain-like Protease 

0.103 Calpain 10 is a “diapain' that has been identified 
by the present invention. Calpain 10 is encoded by a 
Sequence in a 49,136 base pair region located on chromo 
some 2 (SEQ ID NO:1). The following list shows the exon 
regions of this 49,136 base pair region that are differentially 
Spliced to create mRNAS encoding different isomers of 
calpain 10. Nucleotide positions (nt) are shown relative to 
SEO ID NO: 1. 

Exon 1 nt 1235–1515 (cds 1375–1515) 
Exon 2 int 3813-3944 
Exon 3 nt 5283-5479 or Exon 3* 5283-5468 
Exon 4 nt 6401-6618 
Exon 5 nt 8373-8514 
Exon 6 nt 9010–9175 (TGA, 9013-9015) 
Exon 7 nt 9.491-9771 

Exon 8 nt 10400–10618 (TGA, 10455–10457) 
Exon 9 nt 10785-10987 
Exon 10 nt 11147-11408 or Exon 10 11316-11408 

Exon 11 nt 12354-12553 (TGA, 12412–12414) 
Exon 12 nt 12818-12863 

Exon 13 nt 13117–13569 (TAA, 13144-13146) 
Exon 14 nt 30857-30980 
Exon 15 nt 31446–32175 (TGA, 31466-31468) 

0104. There are a number of calpain 10 isoforms that 
result from alternative splicing of the CAPN10 gene. Alter 
native Splicing generates eight related but Structurally dis 
tinct proteins. The Structures of the mRNAS encoding each 
isoform are defined by unique combinations of exons and 
splice donor and acceptor sites (see Table 1, FIG. 1). 

TABLE 1. 

Description of Calpain 10 isoforms. 

Calpain Polypeptide 
10 Isoform Encoded by Exons Length (aa) SEO ID NO 

Calpain 10a 1-7, 9-13 672 2 
Calpain 10b 1-7, 9, 10, 11-13 544 4 
Calpain 10c 1-7, 11-13 517 6 
Calpain. 10d 1-7, 9, 11-13 513 8 
Calpain 10e 1-10, 11-13 444 1O 
Calpain 10f 1-3, 4-7, 9-13 274 12 
Calpain 10g 1, 2, 14, 15 139 14 
Calpain 10h 1, 11-13 138 16 

0105 There is a G/A polymorphism at nt 6225 of (rela 
tive to SEQ ID NO: 1) in intron 3 of the Calpain 10 gene that 
is responsible for the evidence of linkage with type 2 
diabetes. Further, there is a GPR35 (G-protein coupled 
receptor most closely related in Sequence to the human ATP 
receptor subtype P2Y9, amino acid sequence shown as SEQ 
ID NO:20 and nucleic acid sequence shown as SEQ ID 
NO:21). There is a polyadenylation signal that is defined by 
nucleotides 43195-44927 of Exon 1(relative to SEQ ID 
NO:1). The coding sequence between nucleotides 43390 
44574 (inc. TAA, found in SEQ ID NO: 1) yields a 394 
amino acid protein. 
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0106 Calpain 10 diapain is an atypical calpain and is 
Similar in Structural organization to the other atypical 
calpains, calpain 5 and calpain 6, in that it has domains 
I-to-III, lacks the calmodulin-like Cat"-binding domain and 
has a divergent C-terminal domain, domain T (Dear et al., 
1997). Calpains 5, 6 and 10 define a distinct subfamily (FIG. 
6). Calpains are found in all tissues and are processing 
proteases, cleaving Specific Substrates at a limited number of 
Sites, and causing activation or inactivation of protein func 
tion. They have been implicated in the regulation of a variety 
of cellular functions including intracellular signaling, pro 
liferation and differentiation, and may be responsible for 
insulin-induced down-regulation of insulin receptor Sub 
strate-1 (Smith et al., 1996), a key mediator of insulin action. 
0107 Mutations in calpain 3, p94, are the cause of the 
recessive disorder limb-girdle muscular dystrophy type 2A, 
indicating a vital role for proteolysis in the determining 
normal muscle functional (Richard et al., 1995). Calpains 
have also been implicated in Sexual development in Cae 
norhabditis elegans and mutations in the SeX determination 
genetra-3, the orthologue of human calpain 5, affect correct 
Sexual development of the Soma and germ cells (Barnes and 
Hodgkin, 1996). 
0108. The results of the present invention indicate that a 
Single nucleotide polymorphism in intron 3 of the calpain 10 
gene affects diabetes Susceptibility. The location of the 
causal variant within an intron Suggests that it might func 
tion as an enhancer affecting regulation of transcription, or 
perhaps by its effects on alternative splicing. Diabetes results 
from defects in insulin Secretion and insulin action. Calpain 
10 is ubiquitously expressed and thus could affect both 
processes or, alternatively, have specific effects on muscle, 
liver and pancreatic B-cell, the three most important tissues 
controlling glucose homeostasis. An understanding of the 
role of calpain 10 in diabetes must await the identification of 
the cell types Sensitive to calpain 10 activity and its specific 
Substrates. 

0109 The present invention reveals a new regulatory 
network involved in the pathophysiology of this diabetes. 
This network likely includes, in addition to calpain 10, its 
Substrates, inhibitors and activators. Calpain 10 does not 
appear to act alone in determining Susceptibility to type 2 
diabetes but rather interacts with the product of a gene on 
chromosome 15. The inventors have shown that NIDDM1 
acts in concert with an unknown gene on chromosome 15 to 
increase Susceptibility to type 2 diabetes in Mexican Ameri 
cans, and this combination may be a primary determinant of 
susceptibility in 45% of families in this community. 
0110. The gene product on chromosome 15 could be a 
substrate, inhibitor or activator of calpain 10. Given that the 
present invention has identified the Sequence of calpain 10, 
the compositions of the present invention will allow one of 
skill in the art to identify the gene product on chromosome 
15 that has long been Sought after as a gene involved in 
diabetes. 

0111 Furthermore, the identification of the causal variant 
at NIDDM1 also allows the inventors to re-examine the 
linkage Studies in other populations. The G-allele at 
UCSNP-43 has a frequency in unrelated nondiabetic non 
Hispanic whites (German ancestry), Asians (Japanese) and 
African Americans of 0.71, 0.94 and 0.90, respectively. Its 
high frequency in Asians and African Americans indicates 
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that its effects on susceptibility may not be detected by 
linkage analysis. Its effect on Susceptibility in non-Hispanic 
whites needs to re-evaluated taking into account the inter 
action with the diabetes gene on chromosome 15. 
0112 Calpain 10 is the third example of a protease 
contributing to the development of diabetes. Mutations in 
prohormone-processing carboxypeptidase E and prohor 
mone convertase-1 are associated with a diabetes and obe 
sity (Naggert et al., 1995; Jackson et al., 1997). The mutation 
in the carboxypeptidase E gene is responsible for impaired 
glucose tolerance or diabetes in a mammalian animal model 
System. The carboxypeptidase E gene product is known to 
cleave C-terminal amino acid residues from Substrate pro 
teins, and is a principal enzyme involved in the processing 
of precursor forms of peptide hormones into their mature, 
biologically active forms. The B-chain of insulin, immedi 
ately following the excision of the connector (C-) peptide 
from the proinsulin precursor by endopeptidase action, is 
carboxypeptidase E Substrate. Carboxypeptidase E activity 
is required to remove a diarginyl remnant of the C-peptide 
at the C-terminus of the insulin beta. chain. Without Such 
removal, the C-terminal extended form has only a fraction of 
the activity of the processed form. Further, a defect carbox 
ypeptidase E activity leads to an accumulation of proinsulin 
which also has low biological activity. 

0113) Given the great diversity of proteases and the 
myriad functions they perform, additional proteases may be 
implicated in diabetes Susceptibility. In this regard, it has 
been noted that one of the Side effects of the long-term use 
of protease inhibitors in patients with AIDS is diabetes 
(Flexner, 1998). Since it is a variant in the calpain 10 gene 
that is associated with diabetes, the inventorS Suggest that 
the protein encoded by this gene be called diapain-1 (dia 
betes calpain). AS Such the terms “calpain 10” and diapain-1 
are used interchangeably herein. 

0114. It is likely that additional diapain-1-like proteases 
may be identified that are intrinsically involved in diabetes. 
AS discussed above, there are numerous isoforms of calpain 
10 that are formed as a consequence of alternative Splicing 
of calpain 10 mRNA as described above. These include 
calpain 10a, calpain 10b, calpain 10c, calpain 10d, calpain 
10e, calpain 10f, calpain 10g, and calpain 10h, as described 
in Table 1 and FIG. 1. Additional alternative splicing may 
provide other calpain 10 proteins. Further, it is contemplated 
that other calpain or calpain-like proteins will be identified 
that are involved in the development of diabetes or any other 
manifestation of diabetes. Given the recent findings with 
regard to different factors involved in the regulation of 
expression and activity of the HNF transcription factors 
which are responsible for susceptibility to MODY1, 
MODY3 and MODY5 (WO 98/11254), it is likely that 
another Such pathway may be defined for type 2 diabetes, 
with calpain 10 being one of the key factors in the pathway. 
From the inventors investigations, it is conceivable that 
aberrations at any point along Such pathway or any factors 
affecting the pathway directly or indirectly will result in 
B-cell dysfunction and diabetes mellitus, either as type 2 
diabetes, another manifestation of type 2 diabetes or perhaps 
in diabetes as a whole (i.e., type 1 and type 2 diabetes). 
0115 With respect to calpains, or indeed proteases in 
general, being involved in diabetic States other than type 2 
diabetes, it is of note that one of the side effects of the 
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long-term use of protease inhibitors in patients with AIDS is 
diabetes (Flexner, 1998). Thus, it is an aspect of the present 
invention to contemplate therapeutic Strategies that provide 
amelioration of a diabetes-type phenotype by providing 
therapies that alleviate an aberration in protease gene 
expression, protein activity or function. These therapies may 
be based on gene therapy to provide wild-type proteases, or 
may employ modulators of proteases (calpains and diapains) 
identified according to the present invention. Such modula 
tors may be Small molecule inhibitors, antibody composi 
tions or any other composition that will alleviate, overcome 
or otherwise circumvent the deleterious effects of protease 
mutations in diabetes. 

0116 C. Linkage Analysis of Increased Susceptibility to 
Type 2 Diabetes 

0117. In one aspect of the present invention, the inventors 
describe an approach to assessing the evidence for Statistical 
interactions between unlinked regions that allows multipoint 
allele-sharing analysis to take the evidence for linkage at one 
region into account in assessing the evidence for linkage 
over the rest of the genome. Using this method, the inventors 
show that the interaction of genes on chromosomes 2 
(NIDDM1) and 15 (near CYP19) makes a major contribu 
tion to Susceptibility to type 2 diabetes in Mexican Ameri 
cans from Starr County, Tex. 

0118. The correlation in scores assessing the evidence for 
linkage acroSS families (e.g., non-parametric linkage 
scores-NPL (Kruglyak et al., 1996)) can be used to deter 
mine preliminary evidence for statistical interaction between 
unlinked regions. Unless the regions chosen for Study actu 
ally contain loci which contribute Susceptibility to disease, 
there is no expectation that NPL scores from unlinked 
regions will be correlated, even if the regions are Selected 
because they show Some evidence for linkage. However, 
there is not always a simple correspondence between the 
biological interactions of genes and the Statistical interac 
tions that can be detected. For example, while Some models 
of epistatic interaction generate positive correlations 
between NPL scores from the regions to which the interact 
ing loci map, many models of biological interaction would 
not generate detectable correlations. Moreover, negative 
correlations between regions can be generated when non 
overlapping Sets of families provide evidence for linkage 
due to genetic heterogeneity, in the absence of biological 
interactions between the Susceptibility loci from these 
regions. Thus, finding Significant correlations between NPL 
Scores at unlinked regions provides additional evidence that 
loci from those regions contribute to disease Susceptibility 
and generates insight into the models most consistent with 
the type of correlation (positive or negative) observed. 
0119. Once preliminary studies provide evidence for sta 
tistical interaction between regions, it is possible to incor 
porate linkage evidence from one region in assessing evi 
dence for linkage at a second region (or multiple regions) by 
weighting families according to their evidence for linkage. 
The multipoint allele-Sharing approach described by Krug 
lyak et al. (1996) and extended by Kong and Cox (1997) to 
efficiently utilize incomplete information was designed to 
allow families to be weighted individually, but these original 
implementations assigned each family equal weight. The 
inventors' newest extension (GENEHUNTER-PLUS v2.0) 
allows users to specify individual weights for each family 
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based, for example, on pedigree Structure, number of affect 
eds, and/or their evidence for linkage at a particular location. 
Family-specific weighting can be used to model positive 
interactions (such as epistasis) by assigning weight 0 to 
families with 0 or negative linkage Scores and weight 1 to 
families with positive linkage Scores (weighto), or to model 
heterogeneity by assigning weight 1 to families with nega 
tive linkage scores and weight 0 to families with 0 or 
positive linkage Scores (weight). More complex family 
Specific weights proportional to the evidence for linkage 
(weighteor) can also be constructed. 
0120 Determining the significance of apparent interac 
tions requires care. The nominal P-values associated with 
the Sample correlations are calculated using the Pearson's 
correlation test (a t-test), which is likely to be appropriate for 
large Sample sizes. The Significance associated with the 
increased lod when evidence for linkage at a particular 
location is taken into account using family-specific weights 
can be determined either by Simulation, or by using a 
conservative X test with one degree of freedom as follows. 
If the inventors consider a more general one-degree-of 
freedom family of weights in which weighto, and weight 
o, are the two extremes, then the increase over baseline of the 
MLS for the family weighting yielding the maximum load 
multiplied by 2 log(10) is asymptotically distributed as a x 
with one degree of freedom under the null hypothesis of no 
interaction. The test is conservative because the inventors 
are not actually maximizing the lod with respect to the 
weighting factors, and currently consider only a few family 
Specific weights. However, interpretation of Such studies 
Still requires taking multiple comparisons into account. 

0121 To limit the Bonferroni adjustment, it seems pru 
dent to focus on the top signals from the primary linkage 
analysis and perhaps a Small number of candidate regions. 
Even with this adjustment, Such Secondary analyses may 
increase the overall false positive rate became they are 
designed to Strengthen the Support for regions that do not 
themselves meet genome-wide criteria for Significance. 
Given that, and the absence of information on the a priori 
likelihood of Such interactions, it is appropriate to use more 
Stringent criteria for determining significance, i.e. 0.01 
instead of 0.05. The evidence for interaction between the 
CYP19-NIDDM1 regions meets these criteria after the 
Bonferroni adjustment where that between NIDDM1 and 
HNF-1C. does not (Table 6). More research will be necessary 
to determine whether Such statistical interactions will be 
common in complex traits, and how criteria that have been 
Suggested for assessing genome-wide significance (Lander 
and Kruglyak, 1995) should be modified when the evidence 
for linkage at multiple Susceptibility loci is considered 
Simultaneously. Example 5 herein describes the data gener 
ated from linkage between CYP19 and NIDDM1. 

0122 D. Nucleic Acids 
0123. As described in the Examples, the present inven 
tion discloses the calpain 10 gene at the NIDDM1 locus of 
chromosome 2. Mutations in this gene are responsible for 
Susceptibility to type 2 diabetes. The gene at this locus has 
been designated as a calpain-like protein, calpain 10 or 
otherwise referred to herein as diapain-1. In particular, the 
nucleotide variant showing all the evidence for linkage with 
type 2 diabetes, UCSNP-43, is located in intron 3 of the 
calpain 10 gene, CAPN10 (see FIG. 4), 746 bp downstream 



US 2002/O150896 A1 

of the splice donor site and 176 bp upstream of the splice 
acceptor Site. The molecular mechanism by which the 
G-to-Apolymorphism at UCSNP-43 affects susceptibility to 
type 2 diabetes is unclear. As shown in FIG. 5, there is 
alternative Splicing of intron 3. 
0.124. In one embodiment of the present invention, the 
nucleic acid Sequences disclosed herein find utility as 
hybridization probes or amplification primers. In certain 
embodiments, these probes and primers consist of oligo 
nucleotide fragments. Such fragments should be of Sufficient 
length to provide specific hybridization to an RNA or DNA 
Sample extracted from tissue. The Sequences typically will 
be 10-20 nucleotides, but may be longer. Longer Sequences, 
e.g., 40, 50, 100, 500 and even up to full length, are preferred 
for certain embodiments. 

0.125 Nucleic acid molecules having contiguous 
stretches of about 10, 15, 17, 20, 30, 40, 50, 60, 75 or 100 
or 500 nucleotides from a Sequence Selected from the group 
listed in in SEO ID NO:1, SEQ ID NO:3, SEQ ID NO:5, 
SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:11, SEQ ID 
NO:13, SEQ ID NO:15, SEQ ID NO:17, SEQ ID NO:19, 
SEQ ID NO:21, fragments thereof, mRNAs and cDNAs 
encoding any of calpains 10a–10h, or any other calpain 10, 
and mutants of each are contemplated. Molecules that are 
complementary to the above mentioned Sequences and that 
bind to these Sequences under high Stringency conditions 
also are contemplated. SEQ ID NO:21 is the human G 
protein coupled receptor within the NIDDM1 region. SEQ 
ID NO:19 is the mouse calpain 10 protease. These probes 
will be useful in a variety of hybridization embodiments, 
Such as Southern and northern blotting. In Some cases, it is 
contemplated that probes may be used that hybridize to 
multiple target Sequences without compromising their abil 
ity to effectively diagnose diabetes and in particular, type 2 
diabetes. In certain embodiments, it is contemplated that 
multiple probes may be used for hybridization to a single 
Sample. 

0.126 Various probes and primers can be designed around 
the disclosed nucleotide Sequences. PrimerS may be of any 
length but, typically, are 10-20 bases in length. By assigning 
numeric values to a sequence, for example, the first residue 
is 1, the Second residue is 2, etc., an algorithm defining all 
primers can be proposed: 

in to n+y 

0127 where n is an integer from 1 to the last number of 
the Sequence and y is the length of the primer minus one, 
where n+y does not exceed the last number of the Sequence. 
Thus, for a 10-mer, the probes correspond to bases 1 to 10, 
2 to 11, 3 to 12 . . . and so on. For a 15-mer, the probes 
correspond to bases 1 to 15, 2 to 16, 3 to 17 . . . and so on. 
For a 20-mer, the probes correspond to bases 1 to 20, 2 to 21, 
3 to 22 . . . and So on. 

0128. The value of n in the algorithm above for the 
nucleic acid Sequence is n=49,136 for the calpain 10 gene. 
The value of n for a cDNA encoding any of calpains 10a–10h 
may be calculated by adding up the number of nucleic acids 
in the exons that are spliced to form the mRNA from which 
the particular calpain 10 is expressed. 

0129. The use of a hybridization probe of between 17 and 
100 nucleotides in length allows the formation of a duplex 
molecule that is both stable and selective. Molecules having 
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complementary Sequences over Stretches greater than 20 
bases in length are generally preferred, in order to increase 
stability and selectivity of the hybrid, and thereby improve 
the quality and degree of particular hybrid molecules 
obtained. One will generally prefer to design nucleic acid 
molecules having stretches of 20 to 30 nucleotides, or even 
longer where desired. Such fragments may be readily pre 
pared by, for example, directly Synthesizing the fragment by 
chemical means or by introducing Selected Sequences into 
recombinant vectors for recombinant production. 
0.130. Accordingly, the nucleotide sequences of the 
invention may be used for their ability to selectively form 
duplex molecules with complementary Stretches of genes or 
RNAS or to provide primers for amplification of DNA or 
RNA from tissues. Depending on the application envisioned, 
one will desire to employ varying conditions of hybridiza 
tion to achieve varying degrees of Selectivity of probe 
towards target Sequence. 
0131 For applications requiring high selectivity, one will 
typically desire to employ relatively Stringent conditions to 
form the hybrids, e.g., one will Select relatively low Salt 
and/or high temperature conditions, Such as provided by 
about 0.02 M to about 0.10 MNaCl attemperatures of about 
50° C. to about 70° C. Such high stringency conditions 
tolerate little, if any, mismatch between the probe and the 
template or target Strand, and would be particularly Suitable 
for isolating Specific genes or detecting Specific mRNA 
transcripts. It is generally appreciated that conditions can be 
rendered more Stringent by the addition of increasing 
amounts of formamide. 

0132) For certain applications, for example, Substitution 
of nucleotides by Site-directed mutagenesis, it is appreciated 
that lower Stringency conditions are required. Under these 
conditions, hybridization may occur even though the 
Sequences of probe and target Strand are not perfectly 
complementary, but are mismatched at one or more posi 
tions. Conditions may be rendered less Stringent by increas 
ing Salt concentration and decreasing temperature. For 
example, a medium Stringency condition could be provided 
by about 0.1 to 0.25 MNaCl attemperatures of about 37° C. 
to about 55 C., while a low stringency condition could be 
provided by about 0.15 M to about 0.9 M salt, at tempera 
tures ranging from about 20° C. to about 55 C. Thus, 
hybridization conditions can be readily manipulated depend 
ing on the desired results. 
0133. In other embodiments, hybridization may be 
achieved under conditions of, for example, 50 mM Tris-HCl 
(pH 8.3), 75 mM KC1, 3 mM MgCl, 1.0 mM dithiothreitol, 
at temperatures between approximately 20° C. to about 37 
C. Other hybridization conditions utilized could include 
approximately 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 
mM MgCl2, at temperatures ranging from approximately 
40° C. to about 72 C. 

0.134. In certain embodiments, it will be advantageous to 
employ nucleic acid Sequences of the present invention in 
combination with an appropriate means, Such as a label, for 
determining hybridization. A wide variety of appropriate 
indicator means are known in the art, including fluorescent, 
radioactive, enzymatic or other ligands, Such as avidin/ 
biotin, which are capable of being detected. In preferred 
embodiments, one may desire to employ a fluorescent label 
or an enzyme tag Such as urease, alkaline phosphatase or 
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peroxidase, instead of radioactive or other environmentally 
undesirable reagents. In the case of enzyme tags, colorimet 
ric indicator Substrates are known that can be employed to 
provide a detection means visible to the human eye or 
Spectrophotometrically, to identify Specific hybridization 
with complementary nucleic acid-containing Samples. 

0135) In general, it is envisioned that the hybridization 
probes described herein will be useful both as reagents in 
solution hybridization, as in PCR, for detection of expres 
Sion of corresponding genes, as well as in embodiments 
employing a Solid phase. In embodiments involving a Solid 
phase, the test DNA (or RNA) is adsorbed or otherwise 
affixed to a Selected matrix or Surface. This fixed, Single 
Stranded nucleic acid is then Subjected to hybridization with 
Selected probes under desired conditions. The Selected con 
ditions will depend on the particular circumstances based on 
the particular criteria required (depending, for example, on 
the G+C content, type of target nucleic acid, Source of 
nucleic acid, Size of hybridization probe, etc.). Following 
Washing of the hybridized Surface to remove non-Specifi 
cally bound probe molecules, hybridization is detected, or 
even quantified, by means of the label. 

0136. It will be understood that this invention is not 
limited to the particular probes disclosed herein and par 
ticularly is intended to encompass at least nucleic acid 
Sequences that are hybridizable to the disclosed Sequences or 
are functional analogs of these Sequences. 
0.137 For applications in which the nucleic acid segments 
of the present invention are incorporated into vectors, Such 
as plasmids, cosmids or viruses, these Segments may be 
combined with other DNA sequences, Such as promoters, 
polyadenylation signals, restriction enzyme Sites, multiple 
cloning Sites, other coding Segments, and the like, Such that 
their overall length may vary considerably. It is contem 
plated that a nucleic acid fragment of almost any length may 
be employed, with the total length preferably being limited 
by the ease of preparation and use in the intended recom 
binant DNA protocol. 
0138 DNA segments encoding a specific gene may be 
introduced into recombinant host cells and employed for 
expressing a specific structural or regulatory protein. Alter 
natively, through the application of genetic engineering 
techniques, Subportions or derivatives of Selected genes may 
be employed. Upstream regions containing regulatory 
regions Such as promoter regions may be isolated and 
Subsequently employed for expression of the Selected gene. 

0.139. In an alternative embodiment, the diapain-1 encod 
ing nucleic acids employed may actually encode antisense 
constructs that hybridize, under intracellular conditions, to 
an diapain-1 encoding or other calpain encoding nucleic 
acid. The term “antisense construct” is intended to refer to 
nucleic acids, preferably oligonucleotides, that are comple 
mentary to the base sequences of a target DNA or RNA. 
AntiSense oligonucleotides, when introduced into a target 
cell, Specifically bind to their target nucleic acid and inter 
fere with transcription, RNA processing, transport, transla 
tion and/or stability. 
0140 Antisense constructs may be designed to bind to 
the promoter and other control regions, exons, introns or 
even exon-intron boundaries of a gene. AntiSense RNA 
constructs, or DNA encoding Such antisense RNAS, may be 
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employed to inhibit gene transcription or translation or both 
within a host cell, either in vitro or in vivo, Such as within 
a host animal, including a human Subject. Nucleic acid 
Sequences which comprise “complementary nucleotides’ 
are those which are capable of base-pairing according to the 
standard Watson-Crick complementarity rules. That is, the 
larger purines will base pair with the Smaller pyrimidines to 
form combinations of guanine paired with cytosine (G:C) 
and adenine paired with either thymine (AT), in the case of 
DNA, or adenine paired with uracil (AU) in the case of 
RNA. Inclusion of leSS common bases Such as inoSine, 
5-methylcytosine, 6-methyladenine, hypoxanthine and oth 
erS in hybridizing Sequences does not interfere with pairing. 
0.141. As used herein, the terms “complementary' means 
nucleic acid Sequences that are Substantially complementary 
over their entire length and have very few base mismatches. 
For example, nucleic acid Sequences of fifteen bases in 
length may be termed complementary when they have a 
complementary nucleotide at thirteen or fourteen positions 
with only a single mismatch. Naturally, nucleic acid 
Sequences which are “completely complementary' will be 
nucleic acid Sequences which are entirely complementary 
throughout their entire length and have no base mismatches. 
0142. Other sequences with lower degrees of homology 
also are contemplated. For example, an antisense construct 
which has limited regions of high homology, but also 
contains a non-homologous region (e.g., a ribozyme) could 
be designed. These molecules, though having less than 50% 
homology, would bind to target Sequences under appropriate 
conditions. 

0.143 While all or part of the diapain-1 gene sequence 
may be employed in the context of antisense construction, 
Short oligonucleotides are easier to make and increase in 
vivo accessibility. However, both binding affinity and 
Sequence Specificity of an antisense oligonucleotide to its 
complementary target increases with increasing length. It is 
contemplated that antisense oligonucleotides of 8, 9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 60, 
70, 80, 90, 100 or more base pairs will be used. One can 
readily determine whether a given antisense nucleic acid is 
effective at targeting of the corresponding host cell gene 
Simply by testing the constructs in vitro to determine 
whether the endogenous gene's function is affected or 
whether the expression of related genes having complemen 
tary Sequences is affected. 
0144. In certain embodiments, one may wish to employ 
antisense constructs which include other elements, for 
example, those which include C-5 propyne pyrimidines. 
Oligonucleotides which contain C-5 propyne analogues of 
uridine and cytidine have been shown to bind RNA with 
high affinity and to be potent antisense inhibitors of gene 
expression (Wagner et al., 1993). 
0145 Throughout this application, the term “expression 
construct” is meant to include any type of genetic construct 
containing a nucleic acid coding for a gene product in which 
part or all of the nucleic acid encoding Sequence is capable 
of being transcribed. The transcript may be translated into a 
protein, but it need not be. Thus, in certain embodiments, 
expression includes both transcription of a gene and trans 
lation of a RNA into a gene product. In other embodiments, 
expression only includes transcription of the nucleic acid, 
for example, to generate antisense constructs. 
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0146 In preferred embodiments, the nucleic acid is under 
transcriptional control of a promoter. A "promoter” refers to 
a DNA sequence recognized by the Synthetic machinery of 
the cell, or introduced Synthetic machinery, required to 
initiate the Specific transcription of a gene. The phrase 
“under transcriptional control’ means that the promoter is in 
the correct location and orientation in relation to the nucleic 
acid to control RNA polymerase initiation and expression of 
the gene. 

0147 The term promoter will be used here to refer to a 
group of transcriptional control modules that are clustered 
around the initiation site for RNA polymerase II. Much of 
the thinking about how promoters are organized derives 
from analyses of Several viral promoters, including those for 
the HSV thymidine kinase (tk) and SV40 early transcription 
units. These Studies, augmented by more recent work, have 
shown that promoters are composed of discrete functional 
modules, each consisting of approximately 7-20 bp of DNA, 
and containing one or more recognition sites for transcrip 
tional activator or repressor proteins. 

0.148. At least one module in each promoter functions to 
position the start site for RNA synthesis. The best known 
example of this is the TATA box, but in some promoters 
lacking a TATA box, Such as the promoter for the mamma 
lian terminal deoxynucleotidyl transferase gene and the 
promoter for the SV40 late genes, a discrete element over 
lying the Start Site itself helps to fix the place of initiation. 
0149 Additional promoter elements regulate the fre 
quency of transcriptional initiation. Typically, these are 
located in the region 30-110 bp upstream of the start site, 
although a number of promoters have recently been shown 
to contain functional elements downstream of the Start Site 
as well. The Spacing between promoter elements frequently 
is flexible, So that promoter function is preserved when 
elements are inverted or moved relative to one another. In 
the tk promoter, the Spacing between promoter elements can 
be increased to 50 bp apart before activity begins to decline. 
Depending on the promoter, it appears that individual ele 
ments can function either co-operatively or independently to 
activate transcription. 
0150. The particular promoter that is employed to control 
the expression of a nucleic acid is not believed to be critical, 
So long as it is capable of expressing the nucleic acid in the 
targeted cell. Thus, where a human cell is targeted, it is 
preferable to position the nucleic acid coding region adja 
cent to and under the control of a promoter that is capable 
of being expressed in a human cell. Generally speaking, 
Such a promoter might include either a human or viral 
promoter. 

0151. Preferred promoters include those derived from 
HSV, and calpain 10, additionally, other calpain promoters 
also may be useful. The Sequence of the human, calpain 10 
gene including promoter has also been identified by the 
present inventors and deposited in the GenBank database. 
Another preferred embodiment is the tetracycline controlled 
promoter. 

0152. In various other embodiments, the human cytome 
galovirus (CMV) immediate early gene promoter, the SV40 
early promoter and the Rous Sarcoma virus long terminal 
repeat can be used to obtain high-level expression of trans 
genes. The use of other viral or mammalian cellular or 
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bacterial phage promoters which are well-known in the art 
to achieve expression of a transgene is contemplated as well, 
provided that the levels of expression are sufficient for a 
given purpose. Tables 1 and 2 list Several elements/promot 
erS which may be employed, in the context of the present 
invention, to regulate the expression of a transgene. This list 
is not intended to be exhaustive of all the possible elements 
involved in the promotion of transgene expression but, 
merely, to be exemplary thereof. 

0153. Enhancers were originally detected as genetic ele 
ments that increased transcription from a promoter located at 
a distant position on the same molecule of DNA. This ability 
to act over a large distance had little precedent in classic 
Studies of prokaryotic transcriptional regulation. Subsequent 
work showed that regions of DNA with enhancer activity are 
organized much like promoters. That is, they are composed 
of many individual elements, each of which binds to one or 
more transcriptional proteins. 

0154) The basic distinction between enhancers and pro 
moters is operational. An enhancer region as a whole must 
be able to Stimulate transcription at a distance; this need not 
be true of a promoter region or its component elements. On 
the other hand, a promoter must have one or more elements 
that direct initiation of RNA synthesis at a particular site and 
in a particular orientation, whereas enhancers lack these 
Specificities. Promoters and enhancers are often overlapping 
and contiguous, often Seeming to have a very similar modu 
lar organization. 

0.155. Additionally any promoter/enhancer combination 
(as per the Eukaryotic Promoter Data Base EPDB) could 
also be used to drive expression of a transgene. Use of a T3, 
T7 or SP6 cytoplasmic expression system is another possible 
embodiment. Eukaryotic cells can Support cytoplasmic tran 
Scription from certain bacterial promoters if the appropriate 
bacterial polymerase is provided, either as part of the 
delivery complex or as an additional genetic expression 
COnStruct. 

TABLE 2 

PROMOTER 

Immunoglobulin Heavy Chain 
Immunoglobulin Light Chain 
T-Cell Receptor 
HLA DQ C. and DQB 
B-Interferon 
Interleukin-2 
Interleukin-2 Receptor 
MHC Class II 5 
MHC Class II HLA-DRC. 
3-Actin 
Muscle Creatine Kinase 
Prealbumin (Transthyretin) 
Elastase I 
Metallothionein 
Collagenase 
Albumin Gene 
C-Fetoprotein 
C-Globin 
B-Globin 
c-fos 
c-HA-ras 
Insulin 
Neural Cell Adhesion Molecule (NCAM) 
C-Anti-trypsin 
H2B (TH2B) Histone 
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TABLE 2-continued 

PROMOTER 

Mouse or Type I Collagen 
Glucose-Regulated Proteins (GRP94 and GRP78) 
Rat Growth Hormone 
Human Serum Amyloid A (SAA) 
Troponin I (TN I) 
Platelet-Derived Growth Factor 
Duchenne Muscular Dystrophy 
SV40 
Polyoma 
Retroviruses 
Papilloma Virus 
Hepatitis B Virus 
Human Immunodeficiency Virus 
Cytomegalovirus 
Gibbon Ape Leukemia Virus 

0156) 

TABLE 3 

Element Inducer 

MT II Phorbol Ester (TPA) 
Heavy metals 

MMTV (mouse mammary tumor Glucocorticoids 
virus) 
B-Interferon poly(rDX 

poly(rc) 
Adenovirus 5 E2 Ela 
c-jun Phorbol Ester (TPA), HO, 
Collagenase Phorbol Ester (TPA) 
Stromelysin Phorbol Ester (TPA), IL-1 
SV40 Phorbol Ester (TPA) 
Murine MX Gene Interferon, Newcastle Disease Virus 
GRP78 Gene A231.87 
C-2-Macroglobulin IL-6 
Vimentin Serum 
MHC Class I Gene H-2kB Interferon 
HSP70 Ela, SV40 Large T Antigen 
Proliferin Phorbol Ester-TPA 

FMA 
Thyroid Hormone 

Tumor Necrosis Factor 
Thyroid Stimulating Hormone C. 
Gene 

O157 Use of the baculovirus system will involve high 
level expression from the powerful polyhedron promoter. 
0158. One will typically include a polyadenylation signal 
to effect proper polyadenylation of the transcript. The nature 
of the polyadenylation Signal is not believed to be crucial to 
the Successful practice of the invention, and any Such 
Sequence may be employed. Preferred embodiments include 
the SV40 polyadenylation signal and the bovine growth 
hormone polyadenylation Signal, convenient and known to 
function well in various target cells. Also contemplated as an 
element of the expression cassette is a terminator. These 
elements can Serve to enhance message levels and to mini 
mize read through from the cassette into other Sequences. 
0159. A specific initiation signal also may be required for 
efficient translation of coding Sequences. These signals 
include the ATG initiation codon and adjacent Sequences. 
Exogenous translational control Signals, including the ATG 
initiation codon, may need to be provided. One of ordinary 
skill in the art would readily be capable of determining this 
and providing the necessary Signals. It is well known that the 
initiation codon must be “in-frame” with the reading frame 
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of the desired coding Sequence to ensure translation of the 
entire insert. The exogenous translational control Signals and 
initiation codons can be either natural or Synthetic. The 
efficiency of expression may be enhanced by the inclusion of 
appropriate transcription enhancer elements (Bittner et al., 
1987). 
0160 In various embodiments of the invention, the 
expression construct may comprise a virus or engineered 
construct derived from a viral genome. The ability of certain 
Viruses to enter cells via receptor-mediated endocytosis and 
to integrate into the host cell genome and express viral genes 
Stably and efficiently have made them attractive candidates 
for the transfer of foreign genes into mammalian cells 
(Ridgeway, 1988; Nicolas and Rubenstein, 1988; Baichwal 
and Sugden, 1986; Temin, 1986). The first viruses used as 
vectors were DNA viruses including the papovaviruses 
(simian virus 40, bovine papilloma virus, and polyoma) 
(Ridgeway, 1988; Baichwal and Sugden, 1986) and aden 
oviruses (Ridgeway, 1988; Baichwal and Sugden, 1986) and 
adeno-associated viruses. Retroviruses also are attractive 
gene transfer vehicles (Nicolas and Rubenstein, 1988; 
Temin, 1986) as are vaccina virus (Ridgeway, 1988) and 
adeno-associated virus (Ridgeway, 1988). Such vectors may 
be used to (i) transform cell lines in vitro for the purpose of 
expressing proteins of interest or (ii) to transform cells in 
Vitro or in Vivo to provide therapeutic polypeptides in a gene 
therapy Scenario. 

0.161 In some embodiments, the vector is HSV. Because 
HSV is neurotropic, it has generated considerable interest in 
treating nervous System disorders. Since insulin-Secreting 
pancreatic B-cells share many features with neurons, HSV 
may be useful for delivering genes to B-cells and for gene 
therapy of diabetes. Moreover, the ability of HSV to estab 
lish latent infections in non-dividing neuronal cells without 
integrating into the host cell chromosome or otherwise 
altering the host cell's metabolism, along with the existence 
of a promoter that is active during latency. And though much 
attention has focused on the neurotropic applications of 
HSV, this vector also can be exploited for other tissues. 

0162 Another factor that makes HSV an attractive vector 
is the size and organization of the genome. Because HSV is 
large, incorporation of multiple genes or expression cas 
Settes is leSS problematic than in other Smaller viral Systems. 
In addition, the availability of different viral control 
Sequences with varying performance (temporal, strength, 
etc.) makes it possible to control expression to a greater 
extent than in other Systems. It also is an advantage that the 
Virus has relatively few spliced messages, further easing 
genetic manipulations. 

0163 HSV also is relatively easy to manipulate and can 
be grown to high titers. Thus, delivery is less of a problem, 
both in terms of volumes needed to attain Sufficient MOI and 
in a lessened need for repeat dosings. 

0164 E. Encoded Proteins 
0.165. Once the entire coding sequence of a particular 
gene has been determined, the gene can be inserted into an 
appropriate expression System. In this case, the inventors 
have identified diapain-1 as a type 2 diabetes Susceptibility 
gene. The gene can be expressed in any number of different 
recombinant DNA expression Systems to generate large 
amounts of the polypeptide product, which can then be 
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purified and used to vaccinate animals to generate antisera 
with which further studies may be conducted. 
0166 Examples of expression systems known to the 
skilled practitioner in the art include bacteria Such as E. coli, 
yeast Such as Saccharomyces cerevisia and Pichia pastoris, 
baculovirus, and mammalian expression Systems Such as in 
COS or CHO cells. In one embodiment, polypeptides are 
expressed in E. coli and in baculovirus expression Systems. 
A complete gene can be expressed or, alternatively, frag 
ments of the gene encoding portions of polypeptide can be 
produced. 

0167. In one embodiment, the gene Sequence encoding 
the polypeptide is analyzed to detect putative transmem 
brane Sequences. Such Sequences are typically very hydro 
phobic and are readily detected by the use of Standard 
sequence analysis software, such as DNA Star (DNA Star, 
Madison, Wis.). The presence of transmembrane Sequences 
is often deleterious when a recombinant protein is Synthe 
sized in many expression Systems, especially E. coli, as it 
leads to the production of insoluble aggregates that are 
difficult to renature into the native conformation of the 
protein. Deletion of transmembrane Sequences typically 
does not significantly alter the conformation of the remain 
ing protein Structure. 
0168 Moreover, transmembrane sequences, being by 
definition embedded within a membrane, are inaccessible. 
Therefore, antibodies to these Sequences will not prove 
useful for in vivo or in situ studies. Deletion of transmem 
brane-encoding Sequences from the genes used for expres 
Sion can be achieved by Standard techniques. For example, 
fortuitously-placed restriction enzyme sites can be used to 
excise the desired gene fragment, or PCR-type amplification 
can be used to amplify only the desired part of the gene. The 
skilled practitioner will realize that Such changes must be 
designed So as not to change the translational reading frame 
for downstream portions of the protein-encoding Sequence. 
0169. In one embodiment, computer sequence analysis is 
used to determine the location of the predicted major anti 
genic determinant epitopes of the polypeptide. Software 
capable of carrying out this analysis is readily available 
commercially, for example DNA Star (DNA Star, Madison, 
Wis.). The software typically uses standard algorithms such 
as the Kyte/Doolittle or Hopp/Woods methods for locating 
hydrophilic Sequences which are characteristically found on 
the Surface of proteins and are, therefore, likely to act as 
antigenic determinants. 
0170 Once this analysis is made, polypeptides can be 
prepared that contain at least the essential features of the 
antigenic determinant and that can be employed in the 
generation of antisera against the polypeptide. Minigenes or 
gene fusions encoding these determinants can be constructed 
and inserted into expression vectors by Standard methods, 
for example, using PCR methodology. 
0171 The gene or gene fragment encoding a polypeptide 
can be inserted into an expression vector by Standard Sub 
cloning techniques. In one embodiment, an E. coli expres 
Sion vector is used that produces the recombinant polypep 
tide as a fusion protein, allowing rapid affinity purification 
of the protein. Examples of Such fusion protein expression 
Systems are the glutathione S-transferase System (Pharma 
cia, Piscataway, N.J.), the maltose binding protein System 
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(New England Biolabs, Beverley, Mass.), the FLAG system 
(IBI, New Haven, Conn.), and the 6xHis system (Qiagen, 
Chatsworth, Calif.). 
0172 Some of these systems produce recombinant 
polypeptides bearing only a Small number of additional 
amino acids, which are unlikely to affect the antigenic ability 
of the recombinant polypeptide. For example, both the 
FLAG system and the 6xHis system add only short 
Sequences, both of that are known to be poorly antigenic and 
which do not adversely affect folding of the polypeptide to 
its native conformation. Other fusion Systems produce 
polypeptide where it is desirable to excise the fusion partner 
from the desired polypeptide. In one embodiment, the fusion 
partner is linked to the recombinant polypeptide by a peptide 
Sequence containing a Specific recognition Sequence for a 
protease. Examples of Suitable Sequences are those recog 
nized by the Tobacco Etch Virus protease (Life Technolo 
gies, Gaithersburg, Md.) or Factor Xa (New England 
Biolabs, Beverley, Mass.). 
0173 Recombinant bacterial cells, for example E. coli, 
are grown in any of a number of Suitable media, for example 
LB, and the expression of the recombinant polypeptide 
induced by adding IPTG to the media or switching incuba 
tion to a higher temperature. After culturing the bacteria for 
a further period of between 2 and 24 hours, the cells are 
collected by centrifugation and washed to remove residual 
media. The bacterial cells are then lysed, for example, by 
disruption in a cell homogenizer and centrifuged to Separate 
the dense inclusion bodies and cell membranes from the 
Soluble cell components. This centrifugation can be per 
formed under conditions whereby the dense inclusion bodies 
are Selectively enriched by incorporation of SugarS Such as 
Sucrose into the buffer and centrifugation at a Selective 
Speed. 
0.174. In another embodiment, the expression system 
used is one driven by the baculovirus polyhedron promoter. 
The gene encoding the polypeptide can be manipulated by 
Standard techniques in order to facilitate cloning into the 
baculovirus vector. One baculovirus vector is the pBlueBac 
vector (Invitrogen, Sorrento, Calif.). The vector carrying the 
gene for the polypeptide is transfected into Spodoptera 
frugiperda (Sf9) cells by standard protocols, and the cells are 
cultured and processed to produce the recombinant antigen. 
See Summers et al., A MANUAL OF METHODS FOR 
BACULOVIRUS VECTORS AND INSECT CELL CUL 
TURE PROCEDURES, Texas Agricultural Experimental 
Station. 

0.175. As an alternative to recombinant polypeptides, 
Synthetic peptides corresponding to the antigenic determi 
nants can be prepared. Such peptides are at least Six amino 
acid residues long, and may contain up to approximately 35 
residues, which is the approximate upper length limit of 
automated peptide Synthesis machines, Such as those avail 
able from Applied Biosystems (Foster City, Calif.). Use of 
Such Small peptides for vaccination typically requires con 
jugation of the peptide to an immunogenic carrier protein 
Such as hepatitis B Surface antigen, keyhole limpet 
hemocyanin or bovine serum albumin. Methods for per 
forming this conjugation are well known in the art. 
0176). In one embodiment, amino acid sequence variants 
of the polypeptide can be prepared. These may, for instance, 
be minor Sequence variants of the polypeptide that arise due 
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to natural variation within the population or they may be 
homologues found in other species. They also may be 
Sequences that do not occur naturally but that are Sufficiently 
Similar that they function Similarly and/or elicit an immune 
response that croSS-reacts with natural forms of the polypep 
tide. Sequence variants can be prepared by Standard methods 
of Site-directed mutagenesis Such as those described below 
in the following Section. 
0177 Amino acid sequence variants of the polypeptide 
can be Substitutional, insertional or deletion variants. Dele 
tion variants lack one or more residues of the native protein 
which are not essential for function or immunogenic activity, 
and are exemplified by the variants lacking a transmembrane 
Sequence described above. Another common type of dele 
tion variant is one lacking Secretory Signal Sequences or 
Signal Sequences directing a protein to bind to a particular 
part of a cell. An example of the latter Sequence is the SH2 
domain, which induces protein binding to phosphotyrosine 
residues. 

0.178 Substitutional variants typically contain the 
eXchange of one amino acid for another at one or more Sites 
within the protein, and may be designed to modulate one or 
more properties of the polypeptide Such as Stability against 
proteolytic cleavage. Substitutions preferably are conserva 
tive, that is, one amino acid is replaced with one of Similar 
shape and charge. Conservative Substitutions are well 
known in the art and include, for example, the changes of: 
alanine to Serine, arginine to lysine; asparagine to glutamine 
or histidine, aspartate to glutamate; cysteine to Serine; 
glutamine to asparagine, glutamate to aspartate, glycine to 
proline; histidine to asparagine or glutamine, isoleucine to 
leucine or valine; leucine to Valine or isoleucine; lysine to 
arginine; methionine to leucine or isoleucine, phenylalanine 
to tyrosine, leucine or methionine, Serine to threonine; 
threonine to Serine; tryptophan to tyrosine; tyrosine to 
tryptophan or phenylalanine; and Valine to isoleucine or 
leucine. 

0179 Insertional variants include fusion proteins such as 
those used to allow rapid purification of the polypeptide and 
also can include hybrid proteins containing Sequences from 
other proteins and polypeptides which are homologues of 
the polypeptide. For example, an insertional variant could 
include portions of the amino acid Sequence of the polypep 
tide from one Species, together with portions of the homolo 
gous polypeptide from another species. Other insertional 
variants can include those in which additional amino acids 
are introduced within the coding Sequence of the polypep 
tide. These typically are Smaller insertions than the fusion 
proteins described above and are introduced, for example, 
into a protease cleavage Site. 
0180. In one embodiment, major antigenic determinants 
of the polypeptide are identified by an empirical approach in 
which portions of the gene encoding the polypeptide are 
expressed in a recombinant host, and the resulting proteins 
tested for their ability to elicit an immune response. For 
example, PCRTM can be used to prepare a range of cDNAS 
encoding peptides lacking Successively longer fragments of 
the C-terminus of the protein. The immunoprotective activ 
ity of each of these peptides then identifies those fragments 
or domains of the polypeptide that are essential for this 
activity. Further experiments in which only a small number 
of amino acids are removed at each iteration then allows the 
location of the antigenic determinants of the polypeptide. 
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0181 Another embodiment for the preparation of the 
polypeptides according to the invention is the use of peptide 
mimetics. Mimetics are peptide-containing molecules that 
mimic elements of protein Secondary Structure. See, for 
example, Johnson et al., “Peptide Turn Mimetics” in BIO 
TECHNOLOGY AND PHARMACY, Pezzuto et al, Eds., 
Chapman and Hall, New York (1993). The underlying 
rationale behind the use of peptide mimetics is that the 
peptide backbone of proteins exists chiefly to orient amino 
acid Side chains in Such a way as to facilitate molecular 
interactions, Such as those of antibody and antigen. A 
peptide mimetic is expected to permit molecular interactions 
Similar to the natural molecule. 

0182. Successful applications of the peptide mimetic 
concept have thus far focused on mimetics of B-turns within 
proteins, which are known to be highly antigenic. Likely 
B-turn Structure within an polypeptide can be predicted by 
computer-based algorithms as discussed above. Once the 
component amino acids of the turn are determined, peptide 
mimetics can be constructed to achieve a similar spatial 
orientation of the essential elements of the amino acid Side 
chains. 

0183 Modification and changes may be made in the 
Structure of a gene and Still obtain a functional molecule that 
encodes a protein or polypeptide with desirable character 
istics. The following is a discussion based upon changing the 
amino acids of a protein to create an equivalent, or even an 
improved, Second-generation molecule. The amino acid 
changes may be achieved by changing the codons of the 
DNA sequence, according to the following data. 

0.184 For example, certain amino acids may be substi 
tuted for other amino acids in a protein Structure without 
appreciable loSS of interactive binding capacity with Struc 
tures Such as, for example, antigen-binding regions of anti 
bodies or binding Sites on Substrate molecules. Since it is the 
interactive capacity and nature of a protein that defines that 
protein's biological functional activity, certain amino acid 
Substitutions can be made in a protein Sequence, and its 
underlying DNA coding Sequence, and nevertheless obtain a 
protein with like properties. It is thus contemplated by the 
inventors that various changes may be made in the DNA 
Sequences of genes without appreciable loSS of their bio 
logical utility or activity. 

0185. In making such changes, the hydropathic index of 
amino acids may be considered. The importance of the 
hydropathic amino acid indeX in conferring interactive bio 
logic function on a protein is generally understood in the art 
(Kyte & Doolittle, 1982). 

TABLE 4 

Amino Acids Codons 

Alanine Ala A GCA GCC GCG GCU 
Cysteine Cys C UGC UGU 
Aspartic acid Asp D GAC GAU 
Glutamic acid Glu E GAA GAG 
Phenylalanine Phe F UUC UUU 
Glycine Gly G GGA GGC GGG GGU 
Histidine His H CAC CAU 
Isoleucine Ile I AUA AUC AUU 
Lysine Lys K AAA AAG 
Leucine Lieu L UUA UUG CUA, CUC CUG CUU 
Methionine Met M AUG 
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TABLE 4-continued 

Amino Acids Codons 

Asparagine Asn. N AAC AAU 
Proline Pro P CCA CCC CCG CCU 
Glutamine Glin Q CAA CAG 
Arginine Arg R AGA AGG CGA CGC CGG CGU 
Serine Ser S AGC AGU UCA, UCC UCG UCU 
Threonine Thir T ACA ACC ACG ACU 
Waline Wal W GUA GUC GUG GUU 
Tryptophan Trp W UGG 
Tyrosine Tyr Y UAC UAU 

0186. It is accepted that the relative hydropathic character 
of the amino acid contributes to the Secondary Structure of 
the resultant protein, which in turn defines the interaction of 
the protein with other molecules, for example, enzymes, 
Substrates, receptors, DNA, antibodies, antigens, and the 
like. 

0187 Each amino acid has been assigned a hydropathic 
indeX on the basis of their hydrophobicity and charge 
characteristics (Kyte & Doolittle, 1982), these are: Isoleu 
cine (+4.5); Valine (+4.2); leucine (+3.8); phenylalanine 
(+2.8); cysteine/cystine (+2.5); methionine (+1.9); alanine 
(+1.8); glycine (-0.4); threonine (-0.7); Serine (-0.8); tryp 
tophan (-0.9); tyrosine (-1.3); proline (-1.6); histidine 
(-3.2); glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); 
asparagine (-3.5); lysine (-3.9); and arginine (-4.5). 
0188 It is known in the art that certain amino acids may 
be Substituted by other amino acids having a similar hydro 
pathic index or Score and Still result in a protein with Similar 
biological activity, i.e., Still obtain a biological functionally 
equivalent protein. In making Such changes, the Substitution 
of amino acids whose hydropathic indices are within t2 is 
preferred, those which are within it? are particularly pre 
ferred, and those within +0.5 are even more particularly 
preferred. 
0189 It is also understood in the art that the Substitution 
of like amino acids can be made effectively on the basis of 
hydrophilicity. U.S. Pat. No. 4,554,101, incorporated herein 
by reference, States that the greatest local average hydro 
philicity of a protein, as governed by the hydrophilicity of its 
adjacent amino acids, correlates with a biological property 
of the protein. 
0190. As detailed in U.S. Pat. No. 4,554,101, the follow 
ing hydrophilicity values have been assigned to amino acid 
residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0t1); 
glutamate (+3.0t1); Serine (+0.3); asparagine (+0.2); 
glutamine (+0.2); glycine (O); threonine (-0.4); proline 
(-0.5+1); alanine (-0.5); histidine -0.5); cysteine (-1.0); 
methionine (-1.3); Valine (-1.5); leucine (-1.8); isoleucine 
(-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan 
(-3.4). 
0191 It is understood that an amino acid can be substi 
tuted for another having a similar hydrophilicity value and 
Still obtain a biologically equivalent and immunologically 
equivalent protein. In Such changes, the Substitution of 
amino acids whose hydrophilicity values are within t2 is 
preferred, those that are within it? are particularly preferred, 
and those within +0.5 are even more particularly preferred. 
0.192 As outlined above, amino acid substitutions are 
generally based on the relative Similarity of the amino acid 
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Side-chain Substituents, for example, their hydrophobicity, 
hydrophilicity, charge, size, and the like. Exemplary Substi 
tutions that take various of the foregoing characteristics into 
consideration are well known to those of skill in the art and 
include: arginine and lysine; glutamate and aspartate, Serine 
and threonine, glutamine and asparagine; and Valine, leucine 
and isoleucine. 

0193 F. Site-Specific Mutagenesis 

0194 Site-specific mutagenesis is a technique useful in 
the preparation of individual peptides, or biologically func 
tional equivalent proteins or peptides, through specific 
mutagenesis of the underlying DNA. The technique further 
provides a ready ability to prepare and test Sequence vari 
ants, incorporating one or more of the foregoing consider 
ations, by introducing one or more nucleotide Sequence 
changes into the DNA. Site-specific mutagenesis allows the 
production of mutants through the use of Specific oligo 
nucleotide Sequences which encode the DNA sequence of 
the desired mutation, as well as a Sufficient number of 
adjacent nucleotides, to provide a primer Sequence of Suf 
ficient Size and Sequence complexity to form a stable duplex 
on both sides of the deletion junction being traversed. 
Typically, a primer of about 17 to 25 nucleotides in length 
is preferred, with about 5 to 10 residues on both sides of the 
junction of the Sequence being altered. 

0.195. In general, the technique of site-specific mutagen 
esis is well known in the art. AS will be appreciated, the 
technique typically employs a bacteriophage vector that 
exists in both a Single Stranded and double Stranded form. 
Typical vectors useful in Site-directed mutagenesis include 
vectorS Such as the M13 phage. These phage vectors are 
commercially available and their use is generally well 
known to those skilled in the art. Double stranded plasmids 
are also routinely employed in Site directed mutagenesis, 
which eliminates the Step of transferring the gene of interest 
from a phage to a plasmid. 

0196. In general, site-directed mutagenesis is performed 
by first obtaining a Single-Stranded vector, or melting of two 
strands of a double stranded vector which includes within its 
Sequence a DNA sequence encoding the desired protein. An 
oligonucleotide primer bearing the desired mutated 
Sequence is Synthetically prepared. This primer is then 
annealed with the Single-Stranded DNA preparation, and 
Subjected to DNA polymerizing enzymes Such as E. coli 
polymerase I Klenow fragment, in order to complete the 
Synthesis of the mutation-bearing Strand. Thus, a heterodu 
pleX is formed wherein one Strand encodes the original 
non-mutated Sequence and the Second Strand bears the 
desired mutation. This heteroduplex vector is then used to 
transform appropriate cells, Such as E. coli cells, and clones 
are Selected that include recombinant vectors bearing the 
mutated Sequence arrangement. 

0197) The preparation of sequence variants of the 
Selected gene using Site-directed mutagenesis is provided as 
a means of producing potentially useful species and is not 
meant to be limiting, as there are other ways in which 
Sequence variants of genes may be obtained. For example, 
recombinant vectors encoding the desired gene may be 
treated with mutagenic agents, Such as hydroxylamine, to 
obtain Sequence variants. 
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0198 G. Expression and Purification of Encoded Proteins 
0199 1. Expression of Proteins from Cloned cDNAs 
0200. The cDNA species specified in SEQ ID NO:1, SEQ 
ID NO:3, SEQID NO:5, SEQID NO:7, SEQ ID NO:9, SEQ 
ID NO:11, SEQID NO:13, SEQID NO:15, SEQID NO:17, 
SEQ ID NO:19, and SEQ ID NO:21 can be expressed as 
encoded peptides or proteins. The engineering of DNA 
Segment(s) for expression in a prokaryotic or eukaryotic 
System may be performed by techniques generally known to 
those of skill in recombinant expression. It is believed that 
Virtually any expression System may be employed in the 
expression of the claimed nucleic acid Sequences. 
0201 Both cDNA and genomic sequences are suitable for 
eukaryotic expression, as the host cell will generally proceSS 
the genomic transcripts to yield functional mRNA for trans 
lation into protein. Generally Speaking, it may be more 
convenient to employ as the recombinant gene a cDNA 
version of the gene. It is believed that the use of a cDNA 
version will provide advantages in that the size of the gene 
will generally be much Smaller and more readily employed 
to transfect the targeted cell than will a genomic gene, which 
will typically be up to an order of magnitude larger than the 
cDNA gene. However, the inventor does not exclude the 
possibility of employing a genomic version of a particular 
gene where desired. 
0202 As used herein, the terms “engineered” and 
“recombinant cells are intended to refer to a cell into which 
an exogenous DNA segment or gene, Such as a cDNA or 
gene has been introduced. Therefore, engineered cells are 
distinguishable from naturally occurring cells which do not 
contain a recombinantly introduced exogenous DNA Seg 
ment or gene. Engineered cells are thus cells having a gene 
or genes introduced through the hand of man. Recombinant 
cells include those having an introduced cDNA or genomic 
DNA, and also include genes positioned adjacent to a 
promoter not naturally associated with the particular intro 
duced gene. 
0203 To express a recombinant encoded protein or pep 
tide, whether mutant or wild-type, in accordance with the 
present invention one would prepare an expression vector 
that comprises one of the claimed isolated nucleic acids 
under the control of one or more promoters. To bring a 
coding Sequence “under the control of a promoter, one 
positions the 5' end of the translational initiation site of the 
reading frame generally between about 1 and 50 nucleotides 
“downstream” of (i.e., 3' of) the chosen promoter. The 
"upstream” promoter Stimulates transcription of the inserted 
DNA and promotes expression of the encoded recombinant 
protein. This is the meaning of “recombinant expression' in 
the context used here. 

0204 Many standard techniques are available to con 
Struct expression vectors containing the appropriate nucleic 
acids and transcriptional/translational control Sequences in 
order to achieve protein or peptide expression in a variety of 
host-expression Systems. Cell types available for expression 
include, but are not limited to, bacteria, Such as E. coli and 
B. Subtilis transformed with recombinant phage DNA, plas 
mid DNA or cosmid DNA expression vectors. 
0205 Certain examples of prokaryotic hosts are E. coli 
strain RR1, E. coli LE392, E. coli B, E. coli (1776 (ATCC 
No. 31537) as well as E. coli W3110 (F-, lambda-, pro 
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totrophic, ATCC No. 273325); bacilli such as Bacillus 
Subtilis, and other enterobacteriaceae Such as Salmonella 
typhimurium, Serratia marceScens, and various Pseudomo 
nas Species. 
0206. In general, plasmid vectors containing replicon and 
control Sequences that are derived from Species compatible 
with the host cell are used in connection with these hosts. 
The vector ordinarily carries a replication site, as well as 
marking Sequences that are capable of providing phenotypic 
Selection in transformed cells. For example, E. coli is often 
transformed using pBR322, a plasmid derived from an E. 
coli species. Plasmid pBR322 contains genes for amplicillin 
and tetracycline resistance and thus provides easy means for 
identifying transformed cells. The pBR322 plasmid, or other 
microbial plasmid or phage must also contain, or be modi 
fied to contain, promoters that can be used by the microbial 
organism for expression of its own proteins. 
0207. In addition, phage vectors containing replicon and 
control Sequences that are compatible with the host micro 
organism can be used as transforming vectors in connection 
with these hosts. For example, the phage lambda GEMTM-11 
may be utilized in making a recombinant phage vector that 
can be used to transform host cells, such as E. coli LE392. 
0208 Further useful vectors include plN vectors (Inouye 
et al., 1985); and pCEX vectors, for use in generating 
glutathione S-transferase (GST) soluble fusion proteins for 
later purification and Separation or cleavage. Other Suitable 
fusion proteins are those with 3-galactosidase, ubiquitin, or 
the like. 

0209 Promoters that are most commonly used in recom 
binant DNA construction include the f-lactamase (penicil 
linase), lactose and tryptophan (trp) promoter Systems. 
While these are the most commonly used, other microbial 
promoters have been discovered and utilized, and details 
concerning their nucleotide Sequences have been published, 
enabling those of skill in the art to ligate them functionally 
with plasmid vectors. 
0210 For expression in Saccharomyces, the plasmid 
YRp7, for example, is commonly used (Stinchcomb et al., 
1979; Kingsman et al., 1979; Tschemper et al., 1980). This 
plasmid contains the trp1 gene, which provides a Selection 
marker for a mutant Strain of yeast lacking the ability to 
grow in tryptophan, for example ATCC No. 44076 or 
PEP4-1 (Jones, 1977). The presence of the trp 1 lesion as a 
characteristic of the yeast host cell genome then provides an 
effective environment for detecting transformation by 
growth in the absence of tryptophan. 
0211 Suitable promoting sequences in yeast vectors 
include the promoters for 3-phosphoglycerate kinase (Hitze 
man et al., 1980) or other glycolytic enzymes (Hess et al., 
1968; Holland et al., 1978), such as enolase, glyceraldehyde 
3-phosphate dehydrogenase, hexokinase, pyruvate decar 
boxylase, phosphofructokinase, glucose-6-phosphate 
isomerase, 3-phosphoglycerate mutase, pyruvate kinase, tri 
oSephosphate isomerase, phosphoglucose isomerase, and 
glucokinase. In constructing Suitable expression plasmids, 
the termination Sequences associated with these genes are 
also ligated into the expression vector 3' of the Sequence 
desired to be expressed to provide polyadenylation of the 
mRNA and termination. 

0212. Other suitable promoters, which have the addi 
tional advantage of transcription controlled by growth con 
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ditions, include the promoter region for alcohol dehydroge 
nase 2, isocytochrome C, acid phosphatase, degradative 
enzymes associated with nitrogen metabolism, and the 
aforementioned glyceraldehyde-3-phosphate dehydroge 
nase, and enzymes responsible for maltose and galactose 
utilization. 

0213. In addition to micro-organisms, cultures of cells 
derived from multicellular organisms may also be used as 
hosts. In principle, any Such cell culture is workable, 
whether from vertebrate or invertebrate culture. In addition 
to mammalian cells, these include insect cell Systems 
infected with recombinant virus expression vectors (e.g., 
baculovirus); and plant cell Systems infected with recombi 
nant virus expression vectors (e.g., cauliflower mosaic virus, 
CaMV; tobacco mosaic virus, TMV) or transformed with 
recombinant plasmid expression vectors (e.g., Ti plasmid) 
containing one or more coding Sequences. 

0214. In a useful insect system, Autograph californica 
nuclear polyhidrosis virus (AcNPV) is used as a vector to 
express foreign genes. The virus grows in Spodoptera fru 
giperda cells. The isolated nucleic acid coding Sequences are 
cloned into non-essential regions (for example the polyhe 
dron gene) of the virus and placed under control of an 
AcNPV promoter (for example, the polyhedron promoter). 
Successful insertion of the coding Sequences results in the 
inactivation of the polyhedron gene and production of 
non-occluded recombinant virus (i.e., virus lacking the 
proteinaceous coat coded for by the polyhedron gene). These 
recombinant viruses are then used to infect Spodoptera 
frugiperda cells in which the inserted gene is expressed (e.g., 
U.S. Pat. No. 4,215,051). 
0215 Examples of useful mammalian host cell lines are 
VERO and HeLa cells, Chinese hamster ovary (CHO) cell 
lines, W138, BHK, COS-7, 293, HepG2, NIH3T3, RIN and 
MDCK cell lines. In addition, a host cell may be chosen that 
modulates the expression of the inserted Sequences, or 
modifies and processes the gene product in the Specific 
fashion desired. Such modifications (e.g., glycosylation) and 
processing (e.g., cleavage) of protein products may be 
important for the function of the encoded protein. 

0216) Different host cells have characteristic and specific 
mechanisms for the post-translational processing and modi 
fication of proteins. Appropriate cell lines or host Systems 
can be chosen to ensure the correct modification and pro 
cessing of the foreign protein expressed. Expression vectors 
for use in mammalian cells ordinarily include an origin of 
replication (as necessary), a promoter located in front of the 
gene to be expressed, along with any necessary ribosome 
binding sites, RNA splice sites, polyadenylation site, and 
transcriptional terminator Sequences. The origin of replica 
tion may be provided either by construction of the vector to 
include an exogenous origin, Such as may be derived from 
SV40 or other viral (e.g., Polyoma, Adeno, VSV, BPV) 
Source, or may be provided by the host cell chromosomal 
replication mechanism. If the vector is integrated into the 
host cell chromosome, the latter is often Sufficient. 

0217. The promoters may be derived from the genome of 
mammalian cells (e.g., metallothionein promoter) or from 
mammalian viruses (e.g., the adenovirus late promoter; the 
vaccinia virus 7.5K promoter). Further, it is also possible, 
and may be desirable, to utilize promoter or control 
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Sequences normally associated with the desired gene 
Sequence, provided Such control Sequences are compatible 
with the host cell systems. 
0218. A number of viral based expression systems may 
be utilized, for example, commonly used promoters are 
derived from polyoma, Adenovirus 2, cytomegalovirus and 
Simian Virus 40 (SV40). The early and late promoters of 
SV40 virus are useful because both are obtained easily from 
the virus as a fragment which also contains the SV40 viral 
origin of replication. Smaller or larger SV40 fragments may 
also be used, provided there is included the approximately 
250 bp sequence extending from the HinDIII site toward the 
Bgll site located in the viral origin of replication. 
0219. In cases where an adenovirus is used as an expres 
Sion vector, the coding Sequences may be ligated to an 
adenovirus transcription/translation control complex, e.g., 
the late promoter and tripartite leader Sequence. This chi 
meric gene may then be inserted in the adenovirus genome 
by in vitro or in Vivo recombination. Insertion in a non 
essential region of the viral genome (e.g., region E1 or E3) 
will result in a recombinant virus that is viable and capable 
of expressing proteins in infected hosts. 
0220 Specific initiation signals may also be required for 
efficient translation of the claimed isolated nucleic acid 
coding Sequences. These signals include the ATG initiation 
codon and adjacent Sequences. Exogenous translational con 
trol Signals, including the ATG initiation codon, may addi 
tionally need to be provided. One of ordinary skill in the art 
would readily be capable of determining this need and 
providing the necessary signals. It is well known that the 
initiation codon must be in-frame (or in-phase) with the 
reading frame of the desired coding Sequence to ensure 
translation of the entire insert. These exogenous transla 
tional control Signals and initiation codons can be of a 
variety of origins, both natural and Synthetic. The efficiency 
of expression may be enhanced by the inclusion of appro 
priate transcription enhancer elements or transcription ter 
minators (Bittner et al., 1987). 
0221) In eukaryotic expression, one will also typically 
desire to incorporate into the transcriptional unit an appro 
priate polyadenylation site (e.g., 5'-AATAAA-3', SEQ ID 
NO:30) if one was not contained within the original cloned 
Segment. Typically, the poly A addition site is placed about 
30 to 2000 nucleotides “downstream” of the termination site 
of the protein at a position prior to transcription termination. 
0222 For long-term, high-yield production of recombi 
nant proteins, Stable expression is preferred. For example, 
cell lines that Stably express constructs encoding proteins 
may be engineered. Rather than using expression vectors 
that contain viral origins of replication, host cells can be 
transformed with vectors controlled by appropriate expres 
Sion control elements (e.g., promoter, enhancer, Sequences, 
transcription terminators, polyadenylation sites, etc.), and a 
Selectable marker. Following the introduction of foreign 
DNA, engineered cells may be allowed to grow for 1-2 days 
in an enriched medium, and then are Switched to a Selective 
medium. The Selectable marker in the recombinant plasmid 
conferS resistance to the Selection and allows cells to Stably 
integrate the plasmid into their chromosomes and grow to 
form foci, which in turn can be cloned and expanded into 
cell lines. 

0223) A number of selection systems may be used, 
including, but not limited, to the herpes simplex virus 
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thymidine kinase (Wigler et al., 1977), hypoxanthine-gua 
nine phosphoribosyltransferase (Szybalska et al., 1962) and 
adenine phosphoribosyltransferase genes (Lowy et al., 
1980), in thi, hgprt or aprt cells, respectively. Also, 
antimetabolite resistance can be used as the basis of Selec 
tion for dhfr, which conferS resistance to methotrexate 
(Wigler et al., 1980; O'Hare et al., 1981); gpt, which confers 
resistance to mycophenolic acid (Mulligan et al., 1981); neo, 
which conferS resistance to the aminoglycoside G-418 (Col 
berre-Garapin et al., 1981); and hygro, which conferS resis 
tance to hygromycin. 
0224. It is contemplated that the isolated nucleic acids of 
the invention may be "overexpressed”, i.e., expressed in 
increased levels relative to its natural expression in human 
cells, or even relative to the expression of other proteins in 
the recombinant host cell. Such overexpression may be 
assessed by a variety of methods, including radio-labeling 
and/or protein purification. However, Simple and direct 
methods are preferred, for example, those involving SDS/ 
PAGE and protein staining or western blotting, followed by 
quantitative analyses, Such as densitometric Scanning of the 
resultant gel or blot. A Specific increase in the level of the 
recombinant protein or peptide in comparison to the level in 
natural human cells is indicative of overexpression, as is a 
relative abundance of the Specific protein in relation to the 
other proteins produced by the host cell and, e.g., visible on 
a gel. 
0225 2. Purification of Expressed Proteins 
0226 Further aspects of the present invention concern the 
purification, and in particular embodiments, the Substantial 
purification, of an encoded protein or peptide. The term 
“purified protein or peptide as used herein, is intended to 
refer to a composition, isolatable from other components, 
wherein the protein or peptide is purified to any degree 
relative to its naturally-obtainable State, i.e., in this case, 
relative to its purity within a hepatocyte or p-cell extract. A 
purified protein or peptide therefore also refers to a protein 
or peptide, free from the environment in which it may 
naturally occur. 
0227 Generally, “purified” will refer to a protein or 
peptide composition that has been Subjected to fractionation 
to remove various other components, and which composi 
tion Substantially retains its expressed biological activity. 
Where the term “substantially purified” is used, this desig 
nation will refer to a composition in which the protein or 
peptide forms the major component of the composition, Such 
as constituting about 50% or more of the proteins in the 
composition. 
0228. Various methods for quantifying the degree of 
purification of the protein or peptide will be known to those 
of skill in the art in light of the present disclosure. These 
include, for example, determining the Specific activity of an 
active fraction, or assessing the number of polypeptides 
within a fraction by SDS/PAGE analysis. A preferred 
method for assessing the purity of a fraction is to calculate 
the Specific activity of the fraction, to compare it to the 
Specific activity of the initial extract, and to thus calculate 
the degree of purity, herein assessed by a "-fold purification 
number”. The actual units used to represent the amount of 
activity will, of course, be dependent upon the particular 
assay technique chosen to follow the purification and 
whether or not the expressed protein or peptide exhibits a 
detectable activity. 
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0229) Various techniques suitable for use in protein puri 
fication will be well known to those of skill in the art. These 
include, for example, precipitation with ammonium Sul 
phate, polyethylene glycol, antibodies and the like or by heat 
denaturation, followed by centrifugation; chromatography 
StepS Such as ion eXchange, gel filtration, reverse phase, 
hydroxylapatite and affinity chromatography; isoelectric 
focusing, gel electrophoresis, and combinations of Such and 
other techniques. AS is generally known in the art, it is 
believed that the order of conducting the various purification 
StepS may be changed, or that certain StepS may be omitted, 
and Still result in a Suitable method for the preparation of a 
Substantially purified protein or peptide. 
0230. There is no general requirement that the protein or 
peptide always be provided in their most purified State. 
Indeed, it is contemplated that leSS Substantially purified 
products will have utility in certain embodiments. Partial 
purification may be accomplished by using fewer purifica 
tion Steps in combination, or by utilizing different forms of 
the Same general purification Scheme. For example, it is 
appreciated that a cation-exchange column chromatography 
performed utilizing an HPLC apparatus will generally result 
in a greater -fold purification than the same technique 
utilizing a low preSSure chromatography System. Methods 
exhibiting a lower degree of relative purification may have 
advantages in total recovery of protein product, or in main 
taining the activity of an expressed protein. 
0231. It is known that the migration of a polypeptide can 
vary, Sometimes Significantly, with different conditions of 
SDS/PAGE (Capaldi et al., Biochem. BiophyS. Res. Comm., 
76:425, 1977). It will therefore be appreciated that under 
differing electrophoresis conditions, the apparent molecular 
weights of purified or partially purified expression products 
may vary. 

0232 H. Preparation of Antibodies Specific for Encoded 
Proteins 

0233 Antibody Generation 
0234 For some embodiments, it will be desired to pro 
duce antibodies that bind with high specificity to the protein 
product(s) of an isolated nucleic acid selected from the 
group comprising the Sequences in SEQ ID NO:1, or any 
mutant of calpain 10. Means for preparing and characteriz 
ing antibodies are well known in the art (See, e.g., Antibod 
ies: A Laboratory Manual, Cold Spring Harbor Laboratory, 
1988, incorporated herein by reference). 
0235 Methods for generating polyclonal antibodies are 
well known in the art. Briefly, a polyclonal antibody is 
prepared by immunizing an animal with an antigenic com 
position and collecting antisera from that immunized ani 
mal. A wide range of animal Species can be used for the 
production of antisera. Typically the animal used for pro 
duction of antisera is a rabbit, a mouse, a rat, a hamster, a 
guinea pig or a goat. Because of the relatively large blood 
volume of rabbits, a rabbit is a preferred choice for produc 
tion of polyclonal antibodies. 
0236 AS is well known in the art, a given composition 
may vary in its immunogenicity. It is often necessary there 
fore to boost the host immune System, as may be achieved 
by coupling a peptide or polypeptide immunogen to a 
carrier. Exemplary and preferred carriers are keyhole limpet 
hemocyanin (KLH) and bovine serum albumin (BSA). 
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Other albumins Such as ovalbumin, mouse Serum albumin or 
rabbit Serum albumin can also be used as carriers. Means for 
conjugating a polypeptide to a carrier protein are well 
known in the art and include glutaraldehyde, m-maleimido 
benzoyl-N-hydroxysuccinimide ester, carbodiimide and bis 
biazotized benzidine. 

0237 AS is also well known in the art, the immunoge 
nicity of a particular immunogen composition can be 
enhanced by the use of non-specific Stimulators of the 
immune response, known as adjuvants. Exemplary and 
preferred adjuvants include complete Freund's adjuvant (a 
non-specific Stimulator of the immune response containing 
killed Mycobacterium tuberculosis), incomplete Freund's 
adjuvants and aluminum hydroxide adjuvant. 
0238. The amount of immunogen composition used in 
the production of polyclonal antibodies varies upon the 
nature of the immunogen as well as the animal used for 
immunization. A variety of routes can be used to administer 
the immunogen (Subcutaneous, intramuscular, intradermal, 
intravenous and intraperitoneal). The production of poly 
clonal antibodies may be monitored by Sampling blood of 
the immunized animal at various points following immuni 
Zation. A Second, booster injection, may also be given. The 
process of boosting and titering is repeated until a Suitable 
titer is achieved. When a desired level of immunogenicity is 
obtained, the immunized animal can be bled and the Serum 
isolated and Stored, and/or in Some cases the animal can be 
used to generate monoclonal antibodies (MAbs). For pro 
duction of rabbit polyclonal antibodies, the animal can be 
bled through an ear vein or alternatively by cardiac puncture. 
The removed blood is allowed to coagulate and then cen 
trifuged to Separate Serum components from whole cells and 
blood clots. The serum may be used as is for various 
applications or the desired antibody fraction may be purified 
by well-known methods, Such as affinity chromatography 
using another antibody or a peptide bound to a Solid matrix. 
0239 Monoclonal antibodies (MAbs) may be readily 
prepared through use of well-known techniques, Such as 
those exemplified in U.S. Pat. No. 4,196,265, incorporated 
herein by reference. Typically, this technique involves 
immunizing a Suitable animal with a Selected immunogen 
composition, e.g., a purified or partially purified expressed 
protein, polypeptide or peptide. The immunizing composi 
tion is administered in a manner that effectively Stimulates 
antibody producing cells. 
0240 The methods for generating monoclonal antibodies 
(MAbs) generally begin along the same lines as those for 
preparing polyclonal antibodies. Rodents Such as mice and 
rats are preferred animals, however, the use of rabbit, sheep 
or frog cells is also possible. The use of rats may provide 
certain advantages (Goding, 1986, pp. 60-61), but mice are 
preferred, with the BALB/c mouse being most preferred as 
this is most routinely used and generally gives a higher 
percentage of Stable fusions. 
0241 The animals are injected with antigen as described 
above. The antigen may be coupled to carrier molecules 
Such as keyhole limpet hemocyanin if necessary. The anti 
gen would typically be mixed with adjuvant, Such as Fre 
und's complete or incomplete adjuvant. Booster injections 
with the same antigen would occur at approximately two 
week intervals. 

0242 Following immunization, somatic cells with the 
potential for producing antibodies, Specifically B lympho 
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cytes (B cells), are Selected for use in the MAb generating 
protocol. These cells may be obtained from biopsied 
Spleens, tonsils or lymph nodes, or from a peripheral blood 
Sample. Spleen cells and peripheral blood cells are preferred, 
the former because they are a rich Source of antibody 
producing cells that are in the dividing plasmablast Stage, 
and the latter because peripheral blood is easily accessible. 
Often, a panel of animals will have been immunized and the 
spleen of animal with the highest antibody titer will be 
removed and the Spleen lymphocytes obtained by homog 
enizing the Spleen with a Syringe. Typically, a spleen from an 
immunized mouse contains approximately 5x10" to 2x10 
lymphocytes. 
0243 The antibody-producing B lymphocytes from the 
immunized animal are then fused with cells of an immortal 
myeloma cell, generally one of the same Species as the 
animal that was immunized. Myeloma cell lines Suited for 
use in hybridoma-producing fusion procedures preferably 
are non-antibody-producing, have high fusion efficiency, 
and have enzyme deficiencies that render them incapable of 
growing in certain Selective media that Support the growth of 
only the desired fused cells (hybridomas). 
0244 Any one of a number of myeloma cells may be 
used, as are known to those of skill in the art (Goding, 1986). 
For example, where the immunized animal is a mouse, one 
may use P3-X63/Ag8, X63-Ag8.653, NS1/1. Ag 41, Sp210 
Ag14, FO, NSO/U, MPC-11, MPC11-X45-GTG 1.7 and 
S194/5XX0 Bul; for rats, one may use R210. RCY3, Y3-Ag 
1.2.3, IR983F and 4B210; and U-266, GM 1500-GRG2, 
LICR-LON-HMy2 and UC729-6 are all useful in connection 
with human cell fusions. 

0245 One preferred murine myeloma cell is the NS-1 
myeloma cell line (also termed P3-NS-1-Ag4-1), which is 
readily available from the NIGMS Human Genetic Mutant 
Cell Repository by requesting cell line repository number 
GM3573. Another mouse myeloma cell line that may be 
used is the 8-azaguanine-resistant mouse murine myeloma 
SP2/0 non-producer cell line. 
0246 Methods for generating hybrids of antibody-pro 
ducing Spleen or lymph node cells and myeloma cells 
usually comprise mixing Somatic cells with myeloma cells 
in a 2:1 proportion, though the proportion may vary from 
about 20:1 to about 1:1, respectively, in the presence of an 
agent or agents (chemical or electrical) that promote the 
fusion of cell membranes. Fusion methods using Sendai 
virus have been described by Kohler and Milstein (1975; 
1976), and those using polyethylene glycol (PEG), such as 
37% (v/v) PEG, by Gefter et al. (1977). The use of electri 
cally induced fusion methods is also appropriate (Goding, 
1986). 
0247 Fusion procedures usually produce viable hybrids 
at low frequencies, about 1x10 to 1x10. However, this 
low frequency does not pose a problem, as the viable, fused 
hybrids are differentiated from the parental, unfused cells 
(particularly the unfused myeloma cells that would normally 
continue to divide indefinitely) by culturing in a selective 
medium. The Selective medium is generally one that con 
tains an agent that blocks the de novo synthesis of nucle 
otides in the tissue culture media. Exemplary and preferred 
agents are aminopterin, methotrexate, and azaserine. Ami 
nopterin and methotrexate block de novo synthesis of both 
purines and pyrimidines, whereas azaserine blocks only 
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purine Synthesis. Where aminopterin or methotrexate is 
used, the media is Supplemented with hypoxanthine and 
thymidine as a source of nucleotides (HAT medium). Where 
aZaSerine is used, the media is Supplemented with hypox 
anthine. 

0248. The preferred selection medium is HAT. Only cells 
capable of operating nucleotide Salvage pathways are able to 
survive in HAT medium. The myeloma cells are defective in 
key enzymes of the Salvage pathway, e.g., hypoxanthine 
phosphoribosyl transferase (HPRT), and thus they cannot 
survive. The B cells can operate this pathway, but they have 
a limited life span in culture and generally die within about 
two weeks. Therefore, the only cells that can survive in the 
Selective media are those hybrids formed from myeloma and 
B cells. 

0249. This culturing provides a population of hybridomas 
from which specific hybridomas are Selected. Typically, 
Selection of hybridomas is performed by culturing the cells 
by Single-clone dilution in microtiter plates, followed by 
testing the individual clonal Supernatants (after about two to 
three weeks) for the desired reactivity. The assay should be 
Sensitive, Simple and rapid, Such as radioimmunoassays, 
enzyme immunoassays, cytotoxicity assays, plaque assays, 
dot immunobinding assays, and the like. 
0250) The selected hybridomas would then be serially 
diluted and cloned into individual antibody-producing cell 
lines, which can then be propagated indefinitely to provide 
MAbs. The cell lines may be exploited for MAb production 
in two basic ways. A Sample of the hybridoma can be 
injected (often into the peritoneal cavity) into a histocom 
patible animal of the type that was used to provide the 
Somatic and myeloma cells for the original fusion. The 
injected animal develops tumors Secreting the Specific 
monoclonal antibody produced by the fused cell hybrid. The 
body fluids of the animal, Such as Serum or ascites fluid, can 
then be tapped to provide MAbs in high concentration. The 
individual cell lines could also be cultured in vitro, where 
the MAbs are naturally secreted into the culture medium 
from which they can be readily obtained in high concentra 
tions. MAbs produced by either means may be further 
purified, if desired, using filtration, centrifugation and Vari 
ous chromatographic methods such as HPLC or affinity 
chromatography. 
0251 Large amounts of the monoclonal antibodies of the 
present invention may also be obtained by multiplying 
hybridoma cells in Vivo. Cell clones are injected into mam 
mals that are histocompatible with the parent cells, e.g., 
Syngeneic mice, to cause growth of antibody-producing 
tumors. Optionally, the animals are primed with a hydro 
carbon, especially oils Such as pristane (tetramethylpenta 
decane) prior to injection. 
0252) In accordance with the present invention, frag 
ments of the monoclonal antibody of the invention can be 
obtained from the monoclonal antibody produced as 
described above, by methods which include digestion with 
enzymes Such as pepsin or papain and/or cleavage of dis 
ulfide bonds by chemical reduction. Alternatively, mono 
clonal antibody fragments encompassed by the present 
invention can be Synthesized using an automated peptide 
Synthesizer, or by expression of full-length gene or of gene 
fragments in E. coli. 
0253) The monoclonal conjugates of the present inven 
tion are prepared by methods known in the art, e.g., by 
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reacting a monoclonal antibody prepared as described above 
with, for instance, an enzyme in the presence of a coupling 
agent Such as glutaraldehyde or periodate. Conjugates with 
fluorescein markers are prepared in the presence of these 
coupling agents or by reaction with an isothiocyanate. 
Conjugates with metal chelates are similarly produced. 
Other moieties to which antibodies may be conjugated 
include radionuclides such as H, I, 'I P, S, 'C, 
5 Cr, C1, 57Co, Co, Fe, 75Se, 15°Eu, and 99mTc, are 
other useful labels that can be conjugated to antibodies. 
Radioactively labeled monoclonal antibodies of the present 
invention are produced according to well-known methods in 
the art. For instance, monoclonal antibodies can be iodinated 
by contact with Sodium or potassium iodide and a chemical 
oxidizing agent Such as Sodium hypochlorite, or an enzy 
matic oxidizing agent, Such as lactoperoxidase. Monoclonal 
antibodies according to the invention may be labeled with 
technetium- by ligand eXchange process, for example, by 
reducing pertechnate with Stannous Solution, chelating the 
reduced technetium onto a SephadeX column and applying 
the antibody to this column or by direct labelling techniques, 
e.g., by incubating pertechnate, a reducing agent Such as 
SnCl2, a buffer Solution Such as Sodium-potassium phthalate 
Solution, and the antibody. 

0254. It will be appreciated by those of skill in the art that 
monoclonal or polyclonal antibodies Specific for calpain 10 
(or any other calpain-like protein involved in diabetes) will 
have utilities in Several types of applications. These can 
include the production of diagnostic kits for use in detecting 
or diagnosing type 2 diabetes. The skilled practitioner will 
realize that Such uses are within the Scope of the present 
invention. 

0255 I. Immunodetection Assays 

0256 The immunodetection methods of the present 
invention have evident utility in the diagnosis of conditions 
Such as type 2 diabetes. Here, a biological or clinical Sample 
Suspected of containing either the encoded protein or peptide 
or corresponding antibody is used. However, these embodi 
ments also have applications to non-clinical Samples, Such 
as in the titering of antigen or antibody Samples, in the 
Selection of hybridomas, and the like. 

0257. In the clinical diagnosis or monitoring of patients 
with type 2 diabetes, the detection of an antigen encoded by 
a calpain 10 encoding nucleic acid, or an increase or 
decrease in the levels of Such an antigen, in comparison to 
the levels in a corresponding biological Sample from a 
normal Subject is indicative of a patient with type 2 diabetes. 
The basis for Such diagnostic methods lies, in part, with the 
finding that the nucleic acid calpain 10 mutants identified in 
the present invention are responsible for an increased Sus 
ceptibility to type 2 diabetes. 

0258 Those of skill in the art are very familiar with 
differentiating between Significant expression of a biomar 
ker, which represents a positive identification, and low level 
or background expression of a biomarker. Indeed, back 
ground expression levels are often used to form a "cut-off 
above which increased Staining will be Scored as Significant 
or positive. Significant expression may be represented by 
high levels of antigens in tissueS or within body fluids, or 
alternatively, by a high proportion of cells from within a 
tissue that each give a positive signal. 
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0259 1. Immunodetection Methods 
0260. In still further embodiments, the present invention 
concerns immunodetection methods for binding, purifying, 
removing, quantifying or otherwise generally detecting bio 
logical components. The encoded proteins or peptides of the 
present invention may be employed to detect antibodies 
having reactivity therewith, or, alternatively, antibodies pre 
pared in accordance with the present invention, may be 
employed to detect the encoded proteins or peptides. The 
Steps of various useful immunodetection methods have been 
described in the Scientific literature, Such as, e.g., Nakamura 
et al. (1987). 
0261. In general, the immunobinding methods include 
obtaining a Sample Suspected of containing a protein, pep 
tide or antibody, and contacting the Sample with an antibody 
or protein or peptide in accordance with the present inven 
tion, as the case may be, under conditions effective to allow 
the formation of immunocomplexes. 

0262 The immunobinding methods include methods for 
detecting or quantifying the amount of a reactive component 
in a Sample, which methods require the detection or quan 
titation of any immune complexes formed during the bind 
ing process. Here, one would obtain a Sample Suspected of 
containing a calpain 10 mutant encoded protein, peptide or 
a corresponding antibody, and contact the sample with an 
antibody or encoded protein or peptide, as the case may be, 
and then detect or quantify the amount of immune com 
plexes formed under the Specific conditions. 
0263. In terms of antigen detection, the biological sample 
analyzed may be any Sample that is Suspected of containing 
a calpain 10 antigen, Such as a muscle cell, a homogenized 
tissue extract, an isolated cell, a cell membrane preparation, 
Separated or purified forms of any of the above protein 
containing compositions, or even any biological fluid that 
comes into contact with diabetic tissue, including blood. 
0264 Contacting the chosen biological sample with the 
protein, peptide or antibody under conditions effective and 
for a period of time sufficient to allow the formation of 
immune complexes (primary immune complexes) is gener 
ally a matter of Simply adding the composition to the Sample 
and incubating the mixture for a period of time long enough 
for the antibodies to form immune complexes with, i.e., to 
bind to, any antigens present. After this time, the Sample 
antibody composition, Such as a tissue Section, ELISA plate, 
dot blot or western blot, will generally be washed to remove 
any non-specifically bound antibody Species, allowing only 
those antibodies Specifically bound within the primary 
immune complexes to be detected. 
0265. In general, the detection of immunocomplex for 
mation is well known in the art and may be achieved through 
the application of numerous approaches. These methods are 
generally based upon the detection of a label or marker, Such 
as any radioactive, fluorescent, biological or enzymatic tags 
or labels of Standard use in the art. U.S. Patents concerning 
the use of such labels include U.S. Pat. Nos. 3,817,837; 
3.850,752; 3,939,350; 3,996.345; 4,277.437; 4,275,149 and 
4,366,241, each incorporated herein by reference. Of course, 
one may find additional advantages through the use of a 
Secondary binding ligand Such as a Second antibody or a 
biotin/avidin ligand binding arrangement, as is known in the 
art. 
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0266 The encoded protein, peptide or corresponding 
antibody employed in the detection may itself be linked to 
a detectable label, wherein one would then simply detect this 
label, thereby allowing the amount of the primary immune 
complexes in the composition to be determined. 
0267 Alternatively, the first added component that 
becomes bound within the primary immune complexes may 
be detected by means of a Second binding ligand that has 
binding affinity for the encoded protein, peptide or corre 
sponding antibody. In these cases, the Second binding ligand 
may be linked to a detectable label. The second binding 
ligand is itself often an antibody, which may thus be termed 
a “secondary antibody. The primary immune complexes are 
contacted with the labeled, Secondary binding ligand, or 
antibody, under conditions effective and for a period of time 
Sufficient to allow the formation of Secondary immune 
complexes. The Secondary immune complexes are then 
generally washed to remove any non-Specifically bound 
labeled Secondary antibodies or ligands, and the remaining 
label in the Secondary immune complexes is then detected. 
0268. Further methods include the detection of primary 
immune complexes by a two step approach. A Second 
binding ligand, Such as an antibody, that has binding affinity 
for the encoded protein, peptide or corresponding antibody 
is used to form Secondary immune complexes, as described 
above. After Washing, the Secondary immune complexes are 
contacted with a third binding ligand or antibody that has 
binding affinity for the Second antibody, again under con 
ditions effective and for a period of time sufficient to allow 
the formation of immune complexes (tertiary immune com 
plexes). The third ligand or antibody is linked to a detectable 
label, allowing detection of the tertiary immune complexes 
thus formed. This System may provide for Signal amplifica 
tion if desired. 

0269 2. Immunohistochemistry 
0270. The antibodies of the present invention may also be 
used in conjunction with both fresh-frozen and formalin 
fixed, paraffin-embedded tissue blockS prepared for Study by 
immunohistochemistry (IHC). For example, each tissue 
block consists of 50 mg of diabetic tissue. The method of 
preparing tissue blocks from these particulate Specimens has 
been successfully used in previous IHC studies of various 
prognostic factors, and is well known to those of skill in the 
art (Brown et al., 1990; Abbondanzo et al., 1990; Allred et 
al., 1990). 
0271 Briefly, frozen-sections may be prepared by rehy 
drating 50 ng of frozen “pulverized” diabetic tissue at room 
temperature in phosphate buffered saline (PBS) in small 
plastic capsules; pelleting the particles by centrifugation; 
resuspending them in a Viscous embedding medium (OCT); 
inverting the capsule and pelleting again by centrifugation; 
Snap-freezing in -70 C. isopentane, cutting the plastic 
capsule and removing the frozen cylinder of tissue; Securing 
the tissue cylinder on a cryostat microtome chuck; and 
cutting 25-50 Serial Sections. 
0272 Permanent-sections may be prepared by a similar 
method involving rehydration of the 50 mg Sample in a 
plastic microfuge tube; pelleting, resuspending in 10% for 
malin for 4 hours fixation; Washing/pelleting, resuspending 
in warm 2.5% agar; pelleting, cooling in ice water to harden 
the agar, removing the tissue/agar block from the tube; 
infiltrating and embedding the block in paraffin, and cutting 
up to 50 Serial permanent Sections. 
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0273) 3. ELISA 
0274. As noted, it is contemplated that the encoded 
proteins or peptides of the invention will find utility as 
immunogens, e.g., in immunohistochemistry and in ELISA 
assays. One evident utility of the encoded antigens and 
corresponding antibodies is in immunoassays for the detec 
tion of calpain 10 wild-type and mutant proteins, as needed 
in diagnosis and prognostic monitoring of type 2 diabetes. 
0275 Immunoassays, in their most simple and direct 
Sense, are binding assayS. Certain preferred immunoassays 
are the various types of enzyme linked immunosorbent 
assays (ELISA) and radioimmunoassays (RIA) known in the 
art. Immunohistochemical detection using tissue Sections is 
also particularly useful. However, it will be readily appre 
ciated that detection is not limited to Such techniques, and 
western blotting, dot blotting, FACS analyses, and the like 
may also be used. 
0276. In one exemplary ELISA, antibodies binding to the 
encoded proteins of the invention are immobilized onto a 
Selected Surface exhibiting protein affinity, Such as a well in 
a polystyrene microtiter plate. Then, a test composition 
Suspected of containing the diapain mutant, Such as a clinical 
Sample, is added to the Wells. After binding and washing to 
remove non-specifically bound immune complexes, the 
bound antibody may be detected. Detection is generally 
achieved by the addition of a second antibody specific for 
the target protein, that is linked to a detectable label. This 
type of ELISA is a simple “sandwich ELISA'. Detection 
may also be achieved by the addition of a second antibody, 
followed by the addition of a third antibody that has binding 
affinity for the second antibody, with the third antibody 
being linked to a detectable label. 
0277. In another exemplary ELISA, the samples sus 
pected of containing the calpain 10 antigen are immobilized 
onto the well Surface and then contacted with the antibodies 
of the invention. After binding and washing to remove 
non-specifically bound immune complexes, the bound anti 
gen is detected. Where the initial antibodies are linked to a 
detectable label, the immune complexes may be detected 
directly. Again, the immune complexes may be detected 
using a Second antibody that has binding affinity for the first 
antibody, with the Second antibody being linked to a detect 
able label. 

0278 Another ELISA in which the proteins or peptides 
are immobilized, involves the use of antibody competition in 
the detection. In this ELISA, labeled antibodies are added to 
the wells, allowed to bind to the calpain 10 protein, and 
detected by means of their label. The amount of marker 
antigen in an unknown Sample is then determined by mixing 
the sample with the labeled antibodies before or during 
incubation with coated wells. The presence of marker anti 
gen in the Sample acts to reduce the amount of antibody 
available for binding to the well and thus reduces the 
ultimate signal. This is appropriate for detecting antibodies 
in an unknown Sample, where the unlabeled antibodies bind 
to the antigen-coated wells and also reduces the amount of 
antigen available to bind the labeled antibodies. 
0279 Irrespective of the format employed, ELISAS have 
certain features in common, Such as coating, incubating or 
binding, Washing to remove non-specifically bound Species, 
and detecting the bound immune complexes. These are 
described as follows: 
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0280. In coating a plate with either antigen or antibody, 
one will generally incubate the wells of the plate with a 
Solution of the antigen or antibody, either overnight or for a 
specified period of hours. The wells of the plate will then be 
washed to remove incompletely adsorbed material. Any 
remaining available Surfaces of the Wells are then "coated” 
with a nonspecific protein that is antigenically neutral with 
regard to the test antisera. These include bovine Serum 
albumin (BSA), casein and solutions of milk powder. The 
coating of nonspecific adsorption sites on the immobilizing 
Surface reduces the background caused by nonspecific bind 
ing of antisera to the Surface. 
0281. In ELISAS, it is probably more customary to use a 
Secondary or tertiary detection means rather than a direct 
procedure. Thus, after binding of a protein or antibody to the 
well, coating with a non-reactive material to reduce back 
ground, and washing to remove unbound material, the 
immobilizing Surface is contacted with the control, type 2 
diabetes and/or clinical or biological Sample to be tested 
under conditions effective to allow immune complex (anti 
gen/antibody) formation. Detection of the immune complex 
then requires a labeled Secondary binding ligand or antibody, 
or a Secondary binding ligand or antibody in conjunction 
with a labeled tertiary antibody or third binding ligand. 

0282 “Under conditions effective to allow immune com 
plex (antigen/antibody) formation” means that the condi 
tions preferably include diluting the antigens and antibodies 
with solutions such as BSA, bovine gamma globulin (BGG) 
and phosphate buffered saline (PBS)/Tween TM. These added 
agents also tend to assist in the reduction of nonspecific 
background. 

0283 The “suitable' conditions also mean that the incu 
bation is at a temperature and for a period of time Sufficient 
to allow effective binding. Incubation Steps are typically 
from about 1 to 2 to 4 hours, at temperatures preferably on 
the order of 25 to 27 C., or may be overnight at about 4 
C. or So. 

0284. Following all incubation steps in an ELISA, the 
contacted Surface is washed So as to remove non-complexed 
material. A preferred Washing procedure includes washing 
with a solution Such as PBS/TweenTM, or borate buffer. 
Following the formation of Specific immune complexes 
between the test Sample and the originally bound material, 
and Subsequent washing, the occurrence of even minute 
amounts of immune complexes may be determined. 
0285) To provide a detecting means, the second or third 
antibody will have an associated label to allow detection. 
Preferably, this label will be an enzyme that will generate 
color development upon incubating with an appropriate 
chromogenic Substrate. Thus, for example, one will desire to 
contact and incubate the first or Second immune complex 
with a urease, glucose oxidase, alkaline phosphatase or 
hydrogen peroxidase-conjugated antibody for a period of 
time and under conditions that favor the development of 
further immune complex formation (e.g., incubation for 2 
hours at room temperature in a PBS-containing Solution 
such as PBS-TweenTM). 
0286. After incubation with the labeled antibody, and 
Subsequent to Washing to remove unbound material, the 
amount of label is quantified, e.g., by incubation with a 
chromogenic Substrate Such as urea and bromocreSol purple 
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or 2,2'-azido-di-(3-ethyl-benzthiazoline-6-sulfonic acid 
ABTS and H2O, in the case of peroxidase as the enzyme 
label. Quantitation is then achieved by measuring the degree 
of color generation, e.g., using a visible spectra spectropho 
tometer. 

0287. 4. Use of Antibodies for Radioimaging 
0288 The antibodies of this invention will be used to 
quantify and localize the expression of the encoded marker 
proteins. The antibody, for example, will be labeled by any 
one of a variety of methods and used to visualize the 
localized concentration of the cells producing the encoded 
protein. Such an assay also will reveal the Subcellular 
localization of the protein, which can have diagnostic and 
therapeutic applications. 

0289. In accordance with this invention, the monoclonal 
antibody or fragment thereof may be labeled by any of 
several techniques known to the art. The methods of the 
present invention may also use paramagnetic isotopes for 
purposes of in Vivo detection. Elements particularly useful 
in Magnetic Resonance Imaging (“MRI”) include '7Gd, 
55Mn, 10°Dy, 52Cr, and 5°Fe. 
0290 Administration of the labeled antibody may be 
local or Systemic and accomplished intravenously, intraar 
terially, via the Spinal fluid or the like. Administration may 
also be intradermal or intracavitary, depending upon the 
body site under examination. After a Sufficient time has 
lapsed for the monoclonal antibody or fragment thereof to 
bind with the diseased tissue, for example, 30 minutes to 48 
hours, the area of the Subject under investigation is exam 
ined by routine imaging techniques such as MRI, SPECT, 
planar Scintillation imaging or newly emerging imaging 
techniques. The exact protocol will necessarily vary depend 
ing upon factorS Specific to the patient, as noted above, and 
depending upon the body site under examination, method of 
administration and type of label used; the determination of 
Specific procedures would be routine to the skilled artisan. 
The distribution of the bound radioactive isotope and its 
increase or decrease with time is then monitored and 
recorded. By comparing the results with data obtained from 
Studies of clinically normal individuals, the presence and 
extent of the diseased tissue can be determined. 

0291. It will be apparent to those of skill in the art that a 
Similar approach may be used to radio-image the production 
of the encoded calpain 10 proteins in human patients. The 
present invention provides methods for the in Vivo diagnosis 
of type 2 diabetes in a patient. Such methods generally 
comprise administering to a patient an effective amount of a 
calpain 10-specific antibody, to which antibody is conju 
gated a marker, Such as a radioactive isotope or a spin 
labeled molecule, that is detectable by non-invasive go 
methods. The antibody-marker conjugate is allowed Suffi 
cient time to come into contact with reactive antigens that 
are present within the tissueS of the patient, and the patient 
is then exposed to a detection device to identify the detect 
able marker. 

0292 5. Kits 
0293. In still further embodiments, the present invention 
concerns immunodetection kits for use with the immunode 
tection methods described above. AS the encoded proteins or 
peptides may be employed to detect antibodies and the 
corresponding antibodies may be employed to detect 
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encoded proteins or peptides, either or both of Such com 
ponents may be provided in the kit. The immunodetection 
kits will thus comprise, in Suitable container means, an 
encoded protein or peptide, or a first antibody that binds to 
an encoded protein or peptide, and an immunodetection 
reagent. 

0294. In certain embodiments, the encoded protein or 
peptide, or the first antibody that binds to the encoded 
protein or peptide, may be bound to a Solid Support, Such as 
a column matrix or well of a microtiter plate. 
0295) The immunodetection reagents of the kit may take 
any one of a variety of forms, including those detectable 
labels that are associated with or linked to the given antibody 
or antigen, and detectable labels that are associated with or 
attached to a Secondary binding ligand. Exemplary Second 
ary ligands are those Secondary antibodies that have binding 
affinity for the first antibody or antigen, and Secondary 
antibodies that have binding affinity for a human antibody. 
0296. Further suitable immunodetection reagents for use 
in the present kits include the two-component reagent that 
comprises a Secondary antibody that has binding affinity for 
the first antibody or antigen, along with a third antibody that 
has binding affinity for the second antibody, the third anti 
body being linked to a detectable label. 
0297. The kits may further comprise a suitably aliquoted 
composition of the encoded protein or polypeptide antigen, 
whether labeled or unlabeled, as may be used to prepare a 
Standard curve for a detection assay. 
0298 The kits may contain antibody-label conjugates 
either in fully conjugated form, in the form of intermediates, 
or as Separate moieties to be conjugated by the user of the 
kit. The components of the kits may be packaged either in 
aqueous media or in lyophilized form. 
0299 The container means of the kits will generally 
include at least one Vial, test tube, flask, bottle, Syringe or 
other container means, into which the antibody or antigen 
may be placed, and preferably, Suitably aliquoted. Where a 
Second or third binding ligand or additional component is 
provided, the kit will also generally contain a Second, third 
or other additional container into which this ligand or 
component may be placed. The kits of the present invention 
will also typically include a means for containing the 
antibody, antigen, and any other reagent containers in close 
confinement for commercial Sale. Such containers may 
include injection or blow-molded plastic containers into 
which the desired vials are retained. 

0300 J. Methods for Screening Active Compounds 
0301 The present invention also contemplates the use of 
calpain 10 and active fragments, and nucleic acids coding 
therefor, in the Screening of compounds for activity in either 
Stimulating calpain 10 activity, overcoming the lack of 
calpain 10 activity or blocking the effect of a calpain 10 
molecule. These assays may make use of a variety of 
different formats and may depend on the kind of “activity” 
for which the Screen is being conducted. Contemplated 
functional “read-outs' include binding to a compound, inhi 
bition of binding to a Substrate, ligand, receptor or other 
binding partner by a compound. 

0302 Compounds thus identified will be capable of pro 
moting gene expression, and thus can be said to have 
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up-regulating activity. In as much as decreased levels of 
calpain 10 indicate an increased Susceptibility to type 2 
diabetes, any positive Substances identified by the assays of 
the present invention will be anti-diabetic drugs. Before 
human administration, Such compounds would be rigorously 
tested using conventional animal models known to those of 
skill in the art. 

0303 As stated earlier, the present invention provides the 
complete Sequence of the calpain 10 gene. The Sequence 
predicts a protein with extensive homology with represen 
tative members of the large Subunit calpain family. The 
calpain 10 protein acts in concert with the protein product of 
an unknown gene on chromosome 15 to increase Suscepti 
bility to type 2 diabetes. Thus, in certain embodiments, the 
binding partner for calpain 10 may be the protein encoded by 
a gene on chromosome 15. This gene may be involved in 
diabetes. Thus the present invention also will be useful in 
isolating and identifying the gene on chromosome 15 that 
has long Since been Suspected to be involved in diabetes. 
Alternatively, the binding partner may be any agent or 
protein that is cleaved by the action of the protease. 
0304 Virtually any candidate substance may be analyzed 
by these methods, including compounds which may interact 
with calpain 10, calpain 10 binding protein(s), and Sub 
stances Such as enzymes which may act by physically 
altering one of the Structures present. Of course, any com 
pound isolated from natural Sources Such as plants, animals 
or even marine, forest, or Soil Samples, may be assayed, as 
may any Synthetic chemical or recombinant protein. 
0305 1. In Vitro Assays 
0306 In one embodiment, the invention is to be applied 
for the Screening of compounds that bind to the calpain 10 
wild-type molecule, mutant or fragment thereof. The wild 
type or mutant polypeptide or fragment may be either free in 
Solution, fixed to a Support, expressed in or on the Surface of 
a cell. Either the polypeptide or the compound may be 
labeled, thereby permitting determining of binding. 

0307 In another embodiment, the assay may measure the 
inhibition of binding of calpain 10 to a natural or artificial 
Substrate or binding partner. Competitive binding assays can 
be performed in which one of the agents (calpain 10, binding 
partner or compound) is labeled. Usually, the polypeptide 
will be the labeled species. One may measure the amount of 
free label versus bound label to determine binding or inhi 
bition of binding. 
0308 Another technique for high throughput screening 
of compounds is described in WO 84/03564. Large numbers 
of Small peptide test compounds are Synthesized on a Solid 
Substrate, Such as plastic pins or Some other Surface. The 
peptide test compounds are reacted with calpain 10 and 
washed. Bound polypeptide is detected by various methods. 
0309 Purified calpain 10 can be coated directly onto 
plates for use in the aforementioned drug Screening tech 
niques. However, non-neutralizing antibodies to the 
polypeptide can be used to immobilize the polypeptide to a 
Solid phase. Also, fusion proteins containing a reactive 
region (preferably a terminal region) may be used to link the 
calpain 10 active region to a Solid phase. 
0310 Various cell lines containing wild-type or natural or 
engineered mutations in calpain 10 can be used to Study 
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various functional attributes of calpain 10 and how a can 
didate compound affects these attributes. Methods for engi 
neering mutations are described elsewhere in this document, 
as are naturally-occurring mutations in calpain 10 that lead 
to, contribute to and/or otherwise cause diabetes. In Such 
assays, the compound would be formulated appropriately, 
given its biochemical nature, and contacted with a target 
cell. Depending on the assay, culture may be required. The 
cell may then be examined by virtue of a number of different 
physiologic assayS. Alternatively, molecular analysis may be 
performed in which the function of calpain 10, or related 
pathways, may be explored. This may involve assayS. Such as 
those for protein expression, enzyme function, Substrate 
utilization, phosphorylation States of various molecules, 
cAMP levels, mRNA expression (including differential dis 
play of whole cell or polyA RNA) and others. 
0311) 2. In Vivo Assays 
0312 The present invention also encompasses the use of 
various animal models. Here, the identity Seen between 
calpain 10 and other calpains provides an excellent oppor 
tunity to examine the function of calpain 10 in relation to 
other proteases in a whole animal System where it is nor 
mally expressed. By developing or isolating mutant cells 
lines that fail to express normal calpain 10, one can generate 
diabetes models in mice that will be highly predictive of 
diabetes in humans and other mammals. 

0313 Alternatively, one may increase the Susceptibility 
of an animal to diabetes by providing agents known to be 
responsible for this Susceptibility, i.e., providing a mutant 
calpain 10. Finally, transgenic animals (discussed below) 
that lack a wild-type calpain 10 may be utilized as models 
for type 2 diabetes development and treatment. 
0314 Treatment of animals with test compounds will 
involve the administration of the compound, in an appro 
priate form, to the animal. Administration will be by any 
route the could be utilized for clinical or non-clinical pur 
poses, including but not limited to oral, nasal, buccal, rectal, 
vaginal or topical. Alternatively, administration may be by 
intratracheal instillation, bronchial instillation, intradermal, 
Subcutaneous, intramuscular, intraperitoneal or intravenous 
injection. Specifically contemplated are Systemic intrave 
nous injection and regional administration via blood or 
lymph Supply. 
0315 Determining the effectiveness of a compound in 
vivo may involve a variety of different criteria. Such criteria 
include, but are not limited to, Survival, improvement of 
hyperglycemia, diminished need for hypoglycemic agents, 
diminished need for insulin requirements, increased insulin 
Synthesis, improved protease activity, improvement in 
immune effector function and improved food intake. 
0316 3. Reporter Genes and Cell-Based Screening 
ASSayS 
0317 Cellular assays also are available for screening 
candidate Substances to identify those capable of Stimulating 
calpain 10 activity and gene expression. In these assays, the 
increased expression of any natural or heterologous gene 
under the control of a functional calpain 10 promoter may be 
employed as a measure of Stimulatory activity, although the 
use of reporter genes is preferred. 
0318. A reporter gene is a gene that confers on its 
recombinant host cell a readily detectable phenotype that 
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emerges only under Specific conditions. In the present case, 
the reporter gene may be placed under the control of the 
Same promoter as the calpain 10 and will thus generally be 
repressed under conditions where the calpain 10 is not being 
expressed and will generally be expressed in the conditions 
where calpain 10 is being expressed. 
0319 Reporter genes are genes which encode a polypep 
tide not otherwise produced by the host cell which is 
detectable by analysis of the cell culture, e.g., by fluoro 
metric, radioisotopic or Spectrophotometric analysis of the 
cell culture. Exemplary enzymes include luciferases, trans 
ferases, esterases, phosphatases, proteases (tissue plasmino 
gen activator or urokinase), and other enzymes capable of 
being detected by their physical presence or functional 
activity. A reporter gene often used is chloramphenicol 
acetyltransferase (CAT) which may be employed with a 
radiolabeled Substrate, or luciferase, which is measured 
fluorometrically. 

0320 Another class of reporter genes which confer 
detectable characteristics on a host cell are those which 
encode polypeptides, generally enzymes, which render their 
transformants resistant against toxins, e.g., the neo gene 
which protects host cells against toxic levels of the antibiotic 
G418, and genes encoding dihydrofolate reductase, which 
conferS resistance to methotrexate. Genes of this class are 
not generally preferred since the phenotype (resistance) does 
not provide a convenient or rapid quantitative output. Resis 
tance to antibiotic or toxin requires days of culture to 
confirm, or complex assay procedures if other than a bio 
logical determination is to be made. 
0321). Other genes of potential for use in Screening assays 
are those capable of transforming hosts to express unique 
cell Surface antigens, e.g., viral env proteins Such as HIV 
gp120 or herpes g), which are readily detectable by immu 
noassayS. However, antigenic reporters are not preferred 
because, unlike enzymes, they are not catalytic and thus do 
not amplify their signals. 
0322 The polypeptide products of the reporter gene are 
Secreted, intracellular or, as noted above, membrane bound 
polypeptides. If the polypeptide is not ordinarily Secreted it 
is fused to a heterologous Signal Sequence for processing and 
Secretion. In other circumstances the Signal is modified in 
order to remove Sequences that interdict Secretion. For 
example, the herpes gld coat protein has been modified by 
Site directed deletion of its transmembrane binding domain, 
thereby facilitating its secretion (EP 139,417A). This trun 
cated form of the herpes g) protein is detectable in the 
culture medium by conventional immunoassayS. Preferably, 
however, the products of the reporter gene are lodged in the 
intracellular or membrane compartments. Then they can be 
fixed to the culture container, e.g., microtiter Wells, in which 
they are grown, followed by addition of a detectable Signal 
generating Substance Such as a chromogenic Substrate for 
reporter enzymes. 

0323 To create an appropriate vector or plasmid for use 
in Such assays one would ligate the promoter, whether a 
hybrid or the native diapain-1 promoter, to a DNA segment 
encoding the reporter gene by conventional methods. The 
diapain-1 promoter Sequences may be obtained by in Vitro 
synthesis or recovered from genomic DNA and should be 
ligated upstream of the Start codon of the reporter gene. The 
present invention provides the promoter region for human 
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calpain 10 gene. The Sequences associated with the novel 
calpain 10 gene of the present invention are shown in 
Apendix A, including the calpain 10 promoter region. Any 
of these promoters may be particularly preferred in the 
present invention. An AT-rich TATA box region should also 
be employed and should be located between the calpain 10 
Sequence and the reporter gene Start codon. The region 3' to 
the coding Sequence for the reporter gene will ideally 
contain a transcription termination and polyadenylation site. 
The promoter and reporter gene may be inserted into a 
replicable vector and transfected into a cloning host Such as 
E. coli, the host cultured and the replicated vector recovered 
in order to prepare Sufficient quantities of the construction 
for later transfection into a Suitable eukaryotic host. 
0324 Host cells for use in the screening assays of the 
present invention will generally be mammalian cells, and are 
preferably cell lines which may be used in connection with 
transient transfection studies. Cell lines should be relatively 
easy to grow in large Scale culture. Also, they should contain 
as little native background as possible considering the nature 
of the reporter polypeptide. Examples include the Hep G2, 
VERO, HeLa, human embryonic kidney (HEK)-293, CHO, 
W138, BHK, COS-7, and MDCK cell lines, with monkey 
CV-1 cells being particularly preferred. 
0325 In one embodiment, the screening assay typically is 
conducted by growing recombinant host cells in the pres 
ence and absence of candidate Substances and determining 
the amount or the activity of the reporter gene. To assay for 
candidate Substances capable of exerting their effects in the 
presence of calpain 10 gene products, one would make Serial 
molar proportions of Such gene products that alter calpain 
10-mediated activity. One would ideally measure the 
reporter Signal level after an incubation period that is 
Sufficient to demonstrate mutant-mediated repression of 
Signal expression in controls incubated Solely with mutants. 
Cells containing varying proportions of candidate Sub 
stances would then be evaluated for Signal activation in 
comparison to the Suppressed levels. 

0326 Candidates that demonstrate dose related enhance 
ment of reporter gene transcription or expression are then 
Selected for further evaluation as clinical therapeutic agents. 
The stimulation of activity may be observed in the absence 
of calpain 10, in which case the candidate compound might 
be a positive Stimulator of calpain 10 expression. Alterna 
tively, the candidate compound might only give a Stimula 
tion in the presence of a calpain 10 protein having the 
G-allele, which would indicate that it functions to oppose the 
G-allele-mediated Suppression of activity. Candidate com 
pounds of either class might be useful therapeutic agents that 
would combat type 2 diabetes. 
0327 4. Rational Drug Design 
0328. The goal of rational drug design is to produce 
Structural analogs of biologically active polypeptides or 
compounds with which they interact (agonists, antagonists, 
inhibitors, binding partners, etc.). By creating Such analogs, 
it is possible to fashion drugs which are more active or stable 
than the natural molecules, which have different Suscepti 
bility to alteration or which may affect the function of 
various other molecules. In one approach, one would gen 
erate a three-dimensional Structure for calpain 10 or a 
fragment thereof. This could be accomplished by X-ray 
crystallograph, computer modeling or by a combination of 
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both approaches. An alternative approach, "alanine Scan,” 
involves the random replacement of residues throughout 
molecule with alanine, and the resulting affect on function 
determined. 

0329. It also is possible to isolate a calpain 10-specific 
antibody, Selected by a functional assay, and then Solve its 
crystal Structure. In principle, this approach yields a phar 
macore upon which Subsequent drug design can be based. It 
is possible to bypass protein crystallograph altogether by 
generating anti-idiotypic antibodies to a functional, pharma 
cologically active antibody. As a mirror image of a mirror 
image, the binding site of anti-idiotype would be expected to 
be an analog of the original antigen. The anti-idiotype could 
then be used to identify and isolate peptides from banks of 
chemically- or biologically-produced peptides. Selected 
peptides would then Serve as the pharmacore. Anti-idiotypes 
may be generated using the methods described herein for 
producing antibodies, using an antibody as the antigen. 
0330 Thus, one may design drugs which have improved 
calpain 10 activity or which act -as Stimulators, inhibitors, 
agonists, antagonists of calpain 10 or molecules affected by 
calpain 10 function. By virtue of the availability of cloned 
calpain 10 Sequences, Sufficient amounts of calpain 10 can 
be produced to perform crystallographic Studies. In addition, 
knowledge of the polypeptide Sequences permits computer 
employed predictions of Structure-function relationships. 
0331 K. Detection and Quantitation of Nucleic Acid 
Species 

0332 One embodiment of the instant invention com 
prises a method for identification of calpain 10 mutants in a 
biological Sample by amplifying and detecting nucleic acids 
corresponding to calpain 10 mutants. The biological Sample 
can be any tissue or fluid in which these mutants might be 
present. Various embodiments include bone marrow aspi 
rate, bone marrow biopsy, lymph node aspirate, lymph node 
biopsy, Spleen tissue, fine needle aspirate, skin biopsy or 
organ tissue biopsy. Other embodiments include Samples 
where the body fluid is peripheral blood, lymph fluid, 
ascites, Serous fluid, pleural effusion, Sputum, cerebroSpinal 
fluid, lacrimal fluid, Stool or urine. 
0333 Nucleic acid used as a template for amplification is 
isolated from cells contained in the biological Sample, 
according to Standard methodologies (Sambrook et al., 
1989). The nucleic acid may be genomic DNA or fraction 
ated or whole cell RNA. Where RNA is used, it may be 
desired to convert the RNA to a complementary DNA. In 
one embodiment, the RNA is whole cell RNA and is used 
directly as the template for amplification. 
0334 Pairs of primers that selectively hybridize to 
nucleic acids corresponding to calpain 10 mutants are con 
tacted with the isolated nucleic acid under conditions that 
permit selective hybridization. Once hybridized, the nucleic 
acid:primer complex is contacted with one or more enzymes 
that facilitate template-dependent nucleic acid Synthesis. 
Multiple rounds of amplification, also referred to as 
“cycles,” are conducted until a Sufficient amount of ampli 
fication product is produced. 
0335) Next, the amplification product is detected. In 
certain applications, the detection may be performed by 
Visual means. Alternatively, the detection may involve indi 
rect identification of the product via chemiluminescence, 
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radioactive Scintigraphy of incorporated radiolabel or fluo 
rescent label or even via a System using electrical or thermal 
impulse signals (Affymax technology; Bellus, 1994). 
0336. Following detection, one may compare the results 
Seen in a given patient with a reference group of normal 
Subjects or indeed patients with type 2 and type 1 diabetes. 
In this way, it is possible to correlate the amount of calpain 
10 mutants detected with various clinical States. 

0337) 1. Primers 

0338. The term primer, as defined herein, is meant to 
encompass any nucleic acid that is capable of priming the 
Synthesis of a nascent nucleic acid in a template-dependent 
process. Typically, primers are oligonucleotides from ten to 
twenty base pairs in length, but longer Sequences can be 
employed. Primers may be provided in double-stranded or 
Single-Stranded form, although the Single-stranded form is 
preferred. 

0339 2. Template Dependent Amplification Methods 

0340. A number of template dependent processes are 
available to amplify the marker Sequences present in a given 
template Sample. One of the best known amplification 
methods is the polymerase chain reaction (referred to as 
PCR) which is described in detail in U.S. Pat. Nos. 4,683, 
195, 4,683.202 and 4,800,159, and in Innis et al., 1990, each 
of which is incorporated herein by reference in its entirety. 

0341 Briefly, in PCR, two primer sequences are prepared 
that are complementary to regions on opposite complemen 
tary Strands of the marker Sequence. An excess of deoxy 
nucleoside triphosphates are added to a reaction mixture 
along with a DNA polymerase, e.g., Taq polymerase. If the 
marker Sequence is present in a Sample, the primers will bind 
to the marker and the polymerase will cause the primers to 
be extended along the marker Sequence by adding on 
nucleotides. By raising and lowering the temperature of the 
reaction mixture, the extended primers will dissociate from 
the marker to form reaction products, exceSS primers will 
bind to the marker and to the reaction products and the 
process is repeated. 

0342 A reverse transcriptase PCR amplification proce 
dure may be performed in order to quantify the amount of 
mRNA amplified. Methods of reverse transcribing RNA into 
cDNA are well known and described in Sambrook et al., 
1989. Alternative methods for reverse transcription utilize 
thermostable, RNA-dependent DNA polymerases. These 
methods are described in WO 90/07641 filed Dec. 21, 1990. 
Polymerase chain reaction methodologies are well known in 
the art. 

0343 Another method for amplification is the ligase 
chain reaction (“LCR”), disclosed in EPA No. 320 308, 
incorporated herein by reference in its entirety. In LCR, two 
complementary probe pairs are prepared, and in the presence 
of the target Sequence, each pair will bind to opposite 
complementary Strands of the target Such that they abut. In 
the presence of a ligase, the two probe pairs will link to form 
a Single unit. By temperature cycling, as in PCR, bound 
ligated units dissociate from the target and then Serve as 
“target Sequences” for ligation of exceSS probe pairs. U.S. 
Pat. No. 4,883,750 describes a method similar to LCR for 
binding probe pairs to a target Sequence. 
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0344) Qbeta Replicase, described in PCT Application No. 
PCT/US87/00880, may also be used as still another ampli 
fication method in the present invention. In this method, a 
replicative Sequence of RNA that has a region complemen 
tary to that of a target is added to a Sample in the presence 
of an RNA polymerase. The polymerase will copy the 
replicative Sequence that can then be detected. 

0345 An isothermal amplification method, in which 
restriction endonucleases and ligases are used to achieve the 
amplification of target molecules that contain nucleotide 
5'-alpha-thio-triphosphates in one Strand of a restriction 
Site may also be useful in the amplification of nucleic acids 
in the present invention, Walker et al., (1992), incorporated 
herein by reference in its entirety. 

0346 Strand Displacement Amplification (SDA) is 
another method of carrying out isothermal amplification of 
nucleic acids which involves multiple rounds of Strand 
displacement and Synthesis, i.e., nick translation. A similar 
method, called Repair Chain Reaction (RCR), involves 
annealing Several probes throughout a region targeted for 
amplification, followed by a repair reaction in which only 
two of the four bases are present. The other two bases can 
be added as biotinylated derivatives for easy detection. A 
Similar approach is used in SDA. Target specific Sequences 
can also be detected using a cyclic probe reaction (CPR). In 
CPR, a probe having 3' and 5' sequences of non-specific 
DNA and a middle sequence of specific RNA is hybridized 
to DNA that is present in a sample. Upon hybridization, the 
reaction is treated with RNase H, and the products of the 
probe identified as distinctive products that are released after 
digestion. The original template is annealed to another 
cycling probe and the reaction is repeated. 

0347 Still another amplification methods described in 
GB Application No. 2 202 328, and in PCT Application No. 
PCT/US89/01025, each of which is incorporated herein by 
reference in its entirety, may be used in accordance with the 
present invention. In the former application, "modified’ 
primers are used in a PCR-like, template- and enzyme 
dependent synthesis. The primers may be modified by 
labelling with a capture moiety (e.g., biotin) and/or a detec 
tor moiety (e.g., enzyme). In the latter application, an excess 
of labeled probes are added to a Sample. In the presence of 
the target Sequence, the probe binds and is cleaved catalyti 
cally. After cleavage, the target Sequence is released intact to 
be bound by excess probe. Cleavage of the labeled probe 
Signals the presence of the target Sequence. 

0348 Other nucleic acid amplification procedures 
include transcription-based amplification Systems (TAS), 
including nucleic acid Sequence based amplification 
(NASBA) and 3SR (Kwoh et al., 1989); Gingeras et al., PCT 
Application WO 88/10315, incorporated herein by reference 
in their entirety). In NASBA, the nucleic acids can be 
prepared for amplification by Standard phenol/chloroform 
extraction, heat denaturation of a clinical Sample, treatment 
with lysis buffer and minispin columns for isolation of DNA 
and RNA or guanidinium chloride extraction of RNA. These 
amplification techniques involve annealing a primer which 
has target Specific Sequences. Following polymerization, 
DNA/RNA hybrids are digested with RNase H while double 
Stranded DNA molecules are heat denatured again. In either 
case the single stranded DNA is made fully double stranded 
by addition of Second target specific primer, followed by 

30 
Oct. 17, 2002 

polymerization. The double-stranded DNA molecules are 
then multiply transcribed by an RNA polymerase such as T7 
or SP6. In an isothermal cyclic reaction, the RNAS are 
reverse transcribed into single stranded DNA, which is then 
converted to double stranded DNA, and then transcribed 
once again with an RNA polymerase such as T7 or SP6. The 
resulting products, whether truncated or complete, indicate 
target Specific Sequences. 

0349 Davey et al., EPA No. 329822 (incorporated herein 
by reference in its entirety) disclose a nucleic acid amplifi 
cation process involving cyclically Synthesizing Single 
stranded RNA (“ssRNA”), ssDNA, and double-stranded 
DNA (dsDNA), which may be used in accordance with the 
present invention. The ssRNA is a template for a first primer 
oligonucleotide, which is elongated by reverse transcriptase 
(RNA-dependent DNA polymerase). The RNA is then 
removed from the resulting DNA:RNA duplex by the action 
of ribonuclease H (RNase H, an RNase specific for RNA in 
duplex with either DNA or RNA). The resultant ssDNA is a 
template for a Second primer, which also includes the 
Sequences of an RNA polymerase promoter (exemplified by 
T7 RNA polymerase) 5’ to its homology to the template. 
This primer is then extended by DNA polymerase (exem 
plified by the large “Klenow' fragment of E. coli DNA 
polymerase I), resulting in a double-Stranded DNA 
(“dsDNA) molecule, having a sequence identical to that of 
the original RNA between the primers and having addition 
ally, at one end, a promoter Sequence. This promoter 
Sequence can be used by the appropriate RNA polymerase to 
make many RNA copies of the DNA. These copies can then 
re-enter the cycle leading to very Swift amplification. With 
proper choice of enzymes, this amplification can be done 
isothermally without addition of enzymes at each cycle. 
Because of the cyclical nature of this process, the Starting 
sequence can be chosen to be in the form of either DNA or 
RNA. 

0350 Miller et al., PCT Application WO 89/06700 
(incorporated herein by reference in its entirety) disclose a 
nucleic acid Sequence amplification Scheme based on the 
hybridization of a promoter/primer Sequence to a target 
single-stranded DNA (“ssDNA) followed by transcription 
of many RNA copies of the Sequence. This Scheme is not 
cyclic, i.e., new templates are not produced from the result 
ant RNA transcripts. Other amplification methods include 
“RACE" and “one-sided PCR" (Frohman, M. A., In: PCR 
PROTOCOLS: A GUIDE TO METHODS AND APPLICA 
TIONS, Academic Press, N.Y., 1990; Ohara et al., 1989; 
each herein incorporated by reference in their entirety). 
0351 Methods based on ligation of two (or more) oligo 
nucleotides in the presence of nucleic acid having the 
Sequence of the resulting “di-oligonucleotide', thereby 
amplifying the di-oligonucleotide, may also be used in the 
amplification step of the present invention. Wu et al., 1989), 
incorporated herein by reference in its entirety. 
0352) 3. RNase Protection Assay 
0353 Methods for genetic screening by identifying muta 
tions associated with most genetic diseaseS Such as diabetes 
must be able to assess large regions of the genome. Once a 
relevant mutation has been identified in a given patient, 
other family members and affected individuals can be 
Screened using methods which are targeted to that Site. The 
ability to detect dispersed point mutations is critical for 



US 2002/O150896 A1 

genetic counseling, diagnosis, and early clinical intervention 
as well as for research into the etiology of cancer and other 
genetic disorders. The ideal method for genetic Screening 
would quickly, inexpensively, and accurately detect all types 
of widely dispersed mutations in genomic DNA, cDNA, and 
RNA samples, depending on the Specific Situation. 

0354). Historically, a number of different methods have 
been used to detect point mutations, including denaturing 
gradient gel electrophoresis ("DGGE), restriction enzyme 
polymorphism analysis, chemical and enzymatic cleavage 
methods, and others (Cotton, 1989). The more common 
procedures currently in use include direct Sequencing of 
target regions amplified by PCRTM and single-strand con 
formation polymorphism analysis (“SSCP”). 
0355 Another method of screening for point mutations is 
based on RNase cleavage of base pair mismatches in RNA/ 
DNA and RNA/RNA heteroduplexes. As used herein, the 
term "mismatch” is defined as a region of one or more 
unpaired or mispaired nucleotides in a double-Stranded 
RNA/RNA, RNA/DNA or DNA/DNA molecule. This defi 
nition thus includes mismatches due to insertion/deletion 
mutations, as well as Single and multiple base point muta 
tions. U.S. Pat. No. 4,946,773 describes an RNase A mis 
match cleavage assay that involves annealing Single 
stranded DNA or RNA test samples to an RNA probe, and 
Subsequent treatment of the nucleic acid duplexes with 
RNase A. After the RNase cleavage reaction, the RNase is 
inactivated by proteolytic digestion and organic extraction, 
and the cleavage products are denatured by heating and 
analyzed by electrophoresis on denaturing polyacrylamide 
gels. For the detection of mismatches, the Single-Stranded 
products of the RNase Atreatment, electrophoretically Sepa 
rated according to size, are compared to Similarly treated 
control duplexes. Samples containing Smaller fragments 
(cleavage products) not seen in the control duplex are Scored 
S -. 

0356. Currently available RNase mismatch cleavage 
assays, including those performed according to U.S. Pat. No. 
4.946,773, require the use of radiolabeled RNA probes. 
Myers and Maniatis in U.S. Pat. No. 4,946,773 describe the 
detection of base pair mismatches using RNase A Other 
investigators have described the use of E. coli enzyme, 
RNase I, in mismatch assayS. Because it has broader cleav 
age specificity than RNase A, RNase I would be a desirable 
enzyme to employ in the detection of base pair mismatches 
if components can be found to decrease the extent of 
non-specific cleavage and increase the frequency of cleav 
age of mismatches. The use of RNase I for mismatch 
detection is described in literature from Promega Biotech. 
Promega markets a kit containing RNase I that is shown in 
their literature to cleave three out of four known mis 
matches, provided the enzyme level is Sufficiently high. 

0357 The RNase protection assay as first described by 
Melton et al. (1984) was used to detect and map the ends of 
Specific mRNA targets in Solution. The assay relies on being 
able to easily generate high Specific activity radiolabeled 
RNA probes complementary to the mRNA of interest by in 
Vitro transcription. Originally, the templates for in vitro 
transcription were recombinant plasmids containing bacte 
riophage promoters. The probes are mixed with total cellular 
RNA samples to permit hybridization to their complemen 
tary targets, then the mixture is treated with RNase to 
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degrade exceSS unhybridized probe. Also, as originally 
intended, the RNase used is specific for Single-Stranded 
RNA, so that hybridized double-stranded probe is protected 
from degradation. After inactivation and removal of the 
RNase, the protected probe (which is proportional in amount 
to the amount of target Nora that was present) is recovered 
and analyzed on a polyacrylamide gel. 

0358. The RNase Protection assay was adapted for detec 
tion of single base mutations by Myers and Maniatis (1985) 
and by Winter and Perucho (1985). In this type of RNase A 
mismatch cleavage assay, radiolabeled RNA probes tran 
Scribed in vitro from wild type Sequences, are hybridized to 
complementary target regions derived from test Samples. 
The test target generally comprises DNA (either genomic 
DNA or DNA amplified by cloning in plasmids or by 
PCRTM), although RNA targets (endogenous mRNA) have 
occasionally been used (Gibbs and Caskey, 1987; Winter 
and Perucho, 1985). If single nucleotide (or greater) 
Sequence differences occur between the hybridized probe 
and target, the resulting disruption in Watson-Crick hydro 
gen bonding at that position ("mismatch') can be recognized 
and cleaved in Some cases by Single-Strand Specific ribonu 
clease. To date, RNase A has been used almost exclusively 
for cleavage of Single-base mismatches, although RNase I 
has recently been shown as useful also for mismatch cleav 
age. There are recent descriptions of using the MutS protein 
and other DNA-repair enzymes for detection of Single-base 
mismatches (Ellis et al., 1994; Lishanski et al., 1994). 
0359 By hybridizing each strand of the wild type probe 
in RNase cleavage mismatch assays Separately to the 
complementary Sense and AntiSense Strands of the test 
target, two different complementary mismatches (for 
example, A-C and G-U or G-T) and therefore two chances 
for detecting each mutation by Separate cleavage events, was 
provided. Myers et al. (1985) used the RNase A cleavage 
assay to Screen 615 bp regions of the human B-globin gene 
contained in recombinant plasmid targets. By probing with 
both strands, they were able to detect most, but not all, of the 
B-globin mutations in their model System. The collection of 
mutants included examples of all the 12 possible types of 
mismatches between RNA and DNA: ra/dA, rC/dC, rU/dC, 
rC/dA, rC/dT, rU/dG, rC/dA, rG/dG, rU/dG, ra/dC, rG/dT, 
and ra/dG. 

0360 Myers et al. (1985) showed that certain types of 
mismatch were more frequently and more completely 
cleaved by RNase A than others. For example, the rC/dA, 
rC/dC, and rC/dT mismatches were cleaved in all cases, 
while the rG/dA mismatch was only cleaved in 13% of the 
cases tested and the rG/dT mismatch was almost completely 
resistant to cleavage. In general, the complement of a 
difficult-to-detect mismatch was much easier to detect. For 
example, the refractory rC/dT mismatch generated by prob 
ing a G to A mutant target with a wild type Sense-Strand 
probe, is complemented by the easily cleaved rC/dA mis 
match generated by probing the mutant target with the Wild 
type antisense Strand. By probing both target Strands, Myers 
and Maniatis (1986) estimated that at least 50% of all 
single-base mutations would be detected by the RNase A 
cleavage assay. These authors Stated that approximately 
one-third of all possible types of Single-base Substitutions 
would be detected by using a Single probe for just one Strand 
of the target DNA (Myers et al., 1985). 
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0361. In the typical RNase cleavage assays, the separat 
ing gels are run under denaturing conditions for analysis of 
the cleavage products. This requires the RNase to be inac 
tivated by treating the reaction with protease (usually Pro 
teinase K, often in the presence of SDS) to degrade the 
RNase. This reaction is generally followed by an organic 
extraction with a phenol/chloroform Solution to remove 
proteins and residual RNase activity. The organic extraction 
is then followed by concentration and recovery of the 
cleavage products by alcohol precipitation (Myers et al., 
1985; Winter et al., 1985; Theophilus et al., 1989). 
0362) 4 Separation Methods 
0363 Following amplification, it may be desirable to 
Separate the amplification product from the template and the 
exceSS primer for the purpose of determining whether Spe 
cific amplification has occurred. In one embodiment, ampli 
fication products are separated by agarose, agarose-acryla 
mide or polyacrylamide gel electrophoresis using Standard 
methods. See Sambrook et al., 1989. 
0364. Alternatively, chromatographic techniques may be 
employed to effect Separation. There are many kinds of 
chromatography which may be used in the present inven 
tion: adsorption, partition, ion-exchange and molecular 
Sieve, and many specialized techniques for using them 
including column, paper, thin-layer and gas chromatography 
(Freifelder, 1982). 
0365 5. Identification Methods 
0366 Amplification products must be visualized in order 
to confirm amplification of the marker Sequences. One 
typical visualization method involves Staining of a gel with 
ethidium bromide and visualization under UV light. Alter 
natively, if the amplification products are integrally labeled 
with radio- or fluorometrically-labeled nucleotides, the 
amplification products can then be exposed to X-ray film or 
Visualized under the appropriate Stimulating spectra, follow 
ing Separation. 

0367. In one embodiment, visualization is achieved indi 
rectly. Following Separation of amplification products, a 
labeled, nucleic acid probe is brought into contact with the 
amplified marker Sequence. The probe preferably is conju 
gated to a chromophore but may be radiolabeled. In another 
embodiment, the probe is conjugated to a binding partner, 
such as an antibody or biotin, and the other member of the 
binding pair carries a detectable moiety. 

0368. In one embodiment, detection is by Southern blot 
ting and hybridization with a labeled probe. The techniques 
involved in Southern blotting are well known to those of 
skill in the art and can be found in many Standard books on 
molecular protocols. See Sambrook et al., 1989. Briefly, 
amplification products are separated by gel electrophoresis. 
The gel is then contacted with a membrane, Such as nitro 
cellulose, permitting transfer of the nucleic acid and non 
covalent binding. Subsequently, the membrane is incubated 
with a chromophore-conjugated probe that is capable of 
hybridizing with a target amplification product. Detection is 
by exposure of the membrane to X-ray film or ion-emitting 
detection devices. 

0369. One example of the foregoing is described in U.S. 
Pat. No. 5,279,721, incorporated by reference herein, which 
discloses an apparatus and method for the automated elec 
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trophoresis and transfer of nucleic acids. The apparatus 
permits electrophoresis and blotting without external 
manipulation of the gel and is ideally Suited to carrying out 
methods according to the present invention. 
0370. 6. Kit Components 
0371 All the essential materials and reagents required for 
detecting type-2 diabetes markers in a biological Sample 
may be assembled together in a kit. This generally will 
comprise pre-Selected primerS for Specific markers. Also 
included may be enzymes Suitable for amplifying nucleic 
acids including various polymerases (RT, Taq, etc.), deoxy 
nucleotides and buffers to provide the necessary reaction 
mixture for amplification. 
0372 Such kits generally will comprise, in Suitable 
means, distinct containers for each individual reagent and 
enzyme as well as for each marker primer pair. Preferred 
pairs of primerS for amplifying nucleic acids are Selected to 
amplify the sequences specified in SEQID NO:1 along with 
any other cDNAs for calpain 10. In other embodiments 
preferred pairs of primers for amplification are Selected to 
amplify any of the regions specified in SEQ ID NO:1. 
0373) In another embodiment, such kits will comprise 
hybridization probes Specific for calpain 10, chosen from a 
group including nucleic acids corresponding to the Sequence 
specified in SEQ ID NO:1. Such kits generally will com 
prise, in Suitable means, distinct containers for each indi 
vidual reagent and enzyme as well as for each marker 
hybridization probe. 
0374 L. Use of RNA Fingerprinting to Identify Type 2 
Diabetes Markers RNA fingerprinting is a means by which 
RNAS isolated from many different tissues, cell types or 
treatment groups can be Sampled Simultaneously to identify 
RNAS whose relative abundances vary. Two forms of this 
technology were developed simultaneously and reported in 
1992 as RNA fingerprinting by differential display (Liang 
and Pardee, 1992; Welsh et al., 1992). (See also Liang and 
Pardee, U.S. Pat. No. 5,262,311, incorporated herein by 
reference in its entirety.) Some of the experiments described 
herein were performed similarly to Donahue et al., J. Biol. 
Chem. 269: 8604-8609, 1994. 
0375 All forms of RNA fingerprinting by PCR are theo 
retically similar but differ in their primer design and appli 
cation. The most striking difference between differential 
display and other methods of RNA fingerprinting is that 
differential display utilizes anchoring primers that hybridize 
to the poly A tails of mRNAs. As a consequence, the PCR 
products amplified in differential display are biased towards 
the 3' untranslated regions of mRNAs. 
0376 The basic technique of differential display has been 
described in detail (Liang and Pardee, 1992). Total cell RNA 
is primed for first Strand reverse transcription with an 
anchoring primer composed of oligo dT and any two of the 
four deoxynucleosides. The oligo dT primer is extended 
using a reverse transcriptase, for example, Moloney Murine 
Leukemia Virus (MMLV) reverse transcriptase. The synthe 
sis of the Second Strand is primed with an arbitrarily chosen 
oligonucleotide, using reduced Stringency conditions. Once 
the double-stranded cDNA has been synthesized, amplifi 
cation proceeds by Standard PCR techniques, utilizing the 
Same primers. The resulting DNA fingerprint is analyzed by 
gel electrophoresis and ethidium bromide Staining or auto 
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radiography. A side by Side comparison of fingerprints 
obtained from for example tumor versus normal tissue 
Samples using the same oligonucleotide primers identifies 
mRNAs that are differentially expressed. 

0377 RNA fingerprinting technology has been demon 
Strated as being effective in identifying genes that are 
differentially expressed in cancer (Liang et al., 1992; Wong 
et al., 1993; Sager et al., 1993; Mok et al., 1994; Watson et 
al., 1994; Chen et al., 1995; An et al., 1995). The present 
invention utilizes the RNA fingerprinting technique to iden 
tify genes that are differentially expressed in diabetes. 

0378 1. Design and Theoretical Considerations for Rela 
tive Ouantitative RT-PCR 

0379 Reverse transcription (RT) of RNA to cDNA fol 
lowed by relative quantitative PCR (RT-PCR) can be used to 
determine the relative concentrations of specific mRNA 
Species isolated from type 2 diabetes patients. By determin 
ing that the concentration of a specific mRNA species varies, 
it is shown that the gene encoding the Specific mRNA 
Species is differentially expressed. This technique can be 
used to confirm that mRNA transcripts shown to be differ 
entially regulated by RNA fingerprinting are differentially 
expressed in type 2 diabetes. 

0380. In PCR, the number of molecules of the amplified 
target DNA increase by a factor approaching two with every 
cycle of the reaction until Some reagent becomes limiting. 
Thereafter, the rate of amplification becomes increasingly 
diminished until there is no increase in the amplified target 
between cycles. If a graph is plotted in which the cycle 
number is on the X axis and the log of the concentration of 
the amplified target DNA is on the Y axis, a curved line of 
characteristic shape is formed by connecting the plotted 
points. Beginning with the first cycle, the slope of the line is 
positive and constant. This is Said to be the linear portion of 
the curve. After a reagent becomes limiting, the Slope of the 
line begins to decrease and eventually becomes Zero. At this 
point the concentration of the amplified target DNA 
becomes asymptotic to Some fixed value. This is Said to be 
the plateau portion of the curve. 

0381. The concentration of the target DNA in the linear 
portion of the PCR amplification is directly proportional to 
the Starting concentration of the target before the reaction 
began. By determining the concentration of the amplified 
products of the target DNA in PCR reactions that have 
completed the same number of cycles and are in their linear 
ranges, it is possible to determine the relative concentrations 
of the Specific target Sequence in the original DNA mixture. 
If the DNA mixtures are cDNAS synthesized from RNAS 
isolated from different tissues or cells, the relative abun 
dances of the Specific mRNA from which the target Sequence 
was derived can be determined for the respective tissueS or 
cells. This direct proportionality between the concentration 
of the PCR products and the relative mRNA abundances is 
only true in the linear range of the PCR reaction. 
0382. The final concentration of the target DNA in the 
plateau portion of the curve is determined by the availability 
of reagents in the reaction mix and is independent of the 
original concentration of target DNA. Therefore, the first 
condition that must be met before the relative abundances of 
a mRNA species can be determined by RT-PCR for a 
collection of RNA populations is that the concentrations of 
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the amplified PCR products must be sampled when the PCR 
reactions are in the linear portion of their curves. 

0383. The second condition that must be met for an 
RT-PCR experiment to successfully determine the relative 
abundances of a particular mRNA species is that relative 
concentrations of the amplifiable cDNAS must be normal 
ized to some independent standard. The goal of an RT-PCR 
experiment is to determine the abundance of a particular 
mRNA species relative to the average abundance of all 
mRNA species in the Sample. In the experiments described 
below, mRNAS for P-actin, asparagine Synthetase and lipo 
cortin II were used as external and internal Standards to 
which the relative abundance of other mRNAS are com 
pared. 

0384 Most protocols for competitive PCR utilize internal 
PCR Standards that are approximately as abundant as the 
target. These Strategies are effective if the products of the 
PCR amplifications are Sampled during their linear phases. 
If the products are Sampled when the reactions are approach 
ing the plateau phase, then the leSS abundant product 
becomes relatively over represented. Comparisons of rela 
tive abundances made for many different RNA samples, 
Such as is the case when examining RNA samples for 
differential expression, become distorted in Such a way as to 
make differences in relative abundances of RNAS appear 
less than they actually are. This is not a significant problem 
if the internal Standard is much more abundant than the 
target. If the internal Standard is more abundant than the 
target, then direct linear comparisons can be made between 
RNA samples. 

0385) The above discussion describes theoretical consid 
erations for an RT-PCR assay for clinically derived materi 
als. The problems inherent in clinical Samples are that they 
are of variable quantity (making normalization problematic), 
and that they are of variable quality (necessitating the 
co-amplification of a reliable internal control, preferably of 
larger size than the target). Both of these problems are 
overcome if the RT-PCR is performed as a relative quanti 
tative RT-PCR with an internal standard in which the inter 
nal Standard is an amplifiable cDNA fragment that is larger 
than the target cDNA fragment and in which the abundance 
of the mRNA encoding the internal standard is roughly 
5-100 fold higher than the mRNA encoding the target. This 
assay measures relative abundance, not absolute abundance 
of the respective mRNA species. 

0386 Other studies may be performed using a more 
conventional relative quantitative RT-PCR assay with an 
external standard protocol. These assays sample the PCR 
products in the linear portion of their amplification curves. 
The number of PCR cycles that are optimal for sampling 
must be empirically determined for each target cDNA frag 
ment. In addition, the reverse transcriptase products of each 
RNA population isolated from the various tissue Samples 
must be carefully normalized for equal concentrations of 
amplifiable cDNAS. This consideration is very important 
Since the assay measures absolute mRNA abundance. AbSo 
lute mRNA abundance can be used as a measure of differ 
ential gene expression only in normalized Samples. While 
empirical determination of the linear range of the amplifi 
cation curve and normalization of cDNA preparations are 
tedious and time consuming processes, the resulting RT 
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PCR assays can be superior to those derived from the 
relative quantitative RT-PCR assay with an internal stan 
dard. 

0387. One reason for this advantage is that without the 
internal Standard/competitor, all of the reagents can be 
converted into a single PCR product in the linear range of 
the amplification curve, thus increasing the Sensitivity of the 
assay. Another reason is that with only one PCR product, 
display of the product on an electrophoretic gel or another 
display method becomes leSS complex, has less background 
and is easier to interpret. 
0388 M. Methods for Calpain 10 Gene Expression 
0389. In one embodiment of the present invention, there 
are provided methods for the increased calpain 10 gene 
expression or activation in a cell. This is particularly useful 
where there is an aberration in the gene product or gene 
expression is not sufficient for normal function. This will 
allow for the alleviation of symptoms of type 2 diabetes 
experienced as a result of deficiency of calpain 10. Further, 
given that calpain 10 is a protease and that there is a great 
diversity of proteases and the myriad functions they per 
form, additional proteases may be implicated in diabetes 
susceptibility. Specifically, one of the side effects of the 
long-term use of protease inhibitors in patients with AIDS is 
diabetes (Flexner, 1998). Thus, calpain 10 gene expression 
could be increased or activated in Such patients. 
0390 The general approach to increasing calpain 10 
activity according to the present invention, will be to provide 
a cell with an calpain 10 polypeptide. While it is conceivable 
that the protein may be delivered directly, a preferred 
embodiment involves providing a nucleic acid encoding a 
calpain 10 polypeptide, i.e., a calpain 10 gene, to the cell. 
Following this provision, the calpain 10 polypeptide is 
Synthesized by the host cell's transcriptional and transla 
tional machinery, as well as any that may be provided by the 
expression construct. Cis-acting regulatory elements neces 
Sary to Support the expression of the calpain 10 gene will be 
provided, in the form of an expression construct. It also is 
possible that expression of Virally-encoded calpain 10 could 
be Stimulated or enhanced, or the expressed polypeptide be 
Stabilized, thereby achieving the same or similar effect. 
0391) In order to effect expression of constructs encoding 
calpain 10 and other calpain 10-like genes, the expression 
construct must be delivered into a cell. One mechanism for 
delivery is via viral infection, where the expression con 
Struct is encapsidated in a viral particle which will deliver 
either a replicating or non-replicating nucleic acid. In certain 
embodiments an HSV vector is used, although virtually any 
vector would suffice. 

0392. Several non-viral methods for the transfer of 
expression constructs into cultured mammalian cells also are 
contemplated by the present invention. These include cal 
cium phosphate precipitation (Graham and Van Der Eb, 
1973; Chen and Okayama, 1987; Rippe et al., 1990) DEAE 
dextran (Gopal, 1985), electroporation (Tur-Kaspa et al., 
1986; Potter et al., 1984), direct microinjection (Harland and 
Weintraub, 1985), DNA-loaded liposomes (Nicolau and 
Sene, 1982; Fraley et al., 1979) and lipofectamine-DNA 
complexes, cell Sonication (Fechheimer et al., 1987), gene 
bombardment using high velocity microprojectiles (Yang et. 
al., 1990), and receptor-mediated transfection (Wu and Wu, 
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1987; Wu and Wu, 1988). Some of these techniques may be 
Successfully adapted for in Vivo or eX Vivo use, as discussed 
below. 

0393. In another embodiment of the invention, the 
expression construct may simply consist of naked recombi 
nant DNA or plasmids. Transfer of the construct may be 
performed by any of the methods mentioned above which 
physically or chemically permeabilize the cell membrane. 
This is particularly applicable for transfer in vitro, but it may 
be applied to in vivo use as well. Another embodiment of the 
invention for transferring a naked DNA expression construct 
into cells may involve particle bombardment. This method 
depends on the ability to accelerate DNA coated micro 
projectiles to a high Velocity allowing them to pierce cell 
membranes and enter cells without killing them (Klein et al., 
1987). Several devices for accelerating small particles have 
been developed. One Such device relies on a high Voltage 
discharge to generate an electrical current, which in turn 
provides the motive force (Yang et al., 1990). The micro 
projectiles used have consisted of biologically inert Sub 
stances Such as tungsten or gold beads. 
0394. In a further embodiment of the invention, the 
expression construct may be entrapped in a liposome. Lipo 
Somes are vesicular structures characterized by a phospho 
lipid bilayer membrane and an inner aqueous medium. 
Multilamellar liposomes have multiple lipid layerS Separated 
by aqueous medium. They form Spontaneously when phos 
pholipids are Suspended in an exceSS of aqueous Solution. 
The lipid components undergo Self-rearrangement before the 
formation of closed structures and entrap water and dis 
solved solutes between the lipid bilayers (Ghosh and Bach 
hawat, 1991). Also contemplated are lipofectamine-DNA 
complexes. 
0395 Liposome-mediated nucleic acid delivery and 
expression of foreign DNA in vitro has been very successful. 
Wong et al. (1980) demonstrated the feasibility of liposome 
mediated delivery and expression of foreign DNA in cul 
tured chick embryo, HeLa and hepatoma cells. In certain 
embodiments of the invention, the lipoSome may be com 
plexed with a hemagglutinating virus (HVJ). This has been 
shown to facilitate fusion with the cell membrane and 
promote cell entry of liposome-encapsulated DNA (Kaneda 
et al., 1989). In other embodiments, the liposome may be 
complexed or employed in conjunction with nuclear non 
histone chromosomal proteins (HMG-1) (Kato et al., 1991). 
In yet further embodiments, the liposome may be complexed 
or employed in conjunction with both HVJ and HMG-1. In 
other embodiments, the delivery vehicle may comprise a 
ligand and a liposome. Where a bacterial promoter is 
employed in the DNA construct, it also will be desirable to 
include within the liposome an appropriate bacterial poly 
CSC. 

0396 Other expression constructs which can be 
employed to deliver a nucleic acid encoding a calpain 10 
transgene into cells are receptor-mediated delivery vehicles. 
These take advantage of the Selective uptake of macromol 
ecules by receptor-mediated endocytosis in almost all 
eukaryotic cells. Because of the cell type-specific distribu 
tion of various receptors, the delivery can be highly specific 
(Wu and Wu, 1993). 
0397 Receptor-mediated gene targeting vehicles gener 
ally consist of two components: a cell receptor-specific 
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ligand and a DNA-binding agent. Several ligands have been 
used for receptor-mediated gene transfer. The most exten 
Sively characterized ligands are asialoorosomucoid (ASOR) 
(Wu and Wu, 1987) and transferrin (Wagner et al., 1990). 
Recently, a Synthetic neoglycoprotein, which recognizes the 
Same receptor as ASOR, has been used as a gene delivery 
vehicle (Ferkol et al., 1993; Perales et al., 1994). Mannose 
can be used to target the mannose receptor on liver cells. 
Also, antibodies to CD5 (CLL), CD22 (lymphoma), CD25 
(T-cell leukemia) and MAA (melanoma) can similarly be 
used as targeting moieties. In other embodiments, the deliv 
ery vehicle may comprise a ligand and a liposome. 

0398 Primary mammalian cell cultures may be prepared 
in various ways. In order for the cells to be kept viable while 
in Vitro and in contact with the expression construct, it is 
necessary to ensure that the cells maintain contact with the 
correct ratio of oxygen and carbon dioxide and nutrients but 
are protected from microbial contamination. Cell culture 
techniques are well documented and are disclosed herein by 
reference (Freshner, 1992). 
0399. One embodiment of the foregoing involves the use 
of gene transfer to immortalize cells for the production of 
proteins. The gene for the protein of interest may be trans 
ferred as described above into appropriate host cells fol 
lowed by culture of cells under the appropriate conditions. 
The gene for virtually any polypeptide may be employed in 
this manner. The generation of recombinant expression 
vectors, and the elements included therein, are discussed 
above. Alternatively, the protein to be produced may be an 
endogenous protein normally Synthesized by the cell in 
question. 

04.00 Examples of useful mammalian host cell lines are 
Vero and HeLa cells and cell lines of Chinese hamster ovary, 
W138, BHK, COS-7, 293, HepG2, NIH3T3, RIN and 
MDCK cells. In addition, a host cell strain may be chosen 
that modulates the expression of the inserted Sequences, or 
modifies and process the gene product in the manner desired. 
Such modifications (e.g., glycosylation) and processing 
(e.g., cleavage) of protein products may be important for the 
function of the protein. Different host cells have character 
istic and Specific mechanisms for the post-translational 
processing and modification of proteins. Appropriate cell 
lines or host Systems can be chosen to insure the correct 
modification and processing of the foreign protein 
expressed. 

04.01. A number of selection systems may be used includ 
ing, but not limited to, HSV thymidine kinase, hypoxan 
thine-guanine phosphoribosyltransferase and adenine phos 
phoribosyltransferase genes, in tha-, hgprt- or aprt- cells, 
respectively. Also, anti-metabolite resistance can be used as 
the basis of Selection for dhfr, that conferS resistance to; gpt, 
that conferS resistance to mycophenolic acid; neo, that 
conferS resistance to the aminoglycoside G418; and hygro, 
that conferS resistance to hygromycin. 
0402 Animal cells can be propagated in vitro in two 
modes: as non-anchorage dependent cells growing in SuS 
pension throughout the bulk of the culture or as anchorage 
dependent cells requiring attachment to a Solid Substrate for 
their propagation (i.e., a monolayer type of cell growth). 
0403. Non-anchorage dependent or suspension cultures 
from continuous established cell lines are the most widely 
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used means of large Scale production of cells and cell 
products. However, Suspension cultured cells have limita 
tions, Such as tumorigenic potential and lower protein pro 
duction than adherent cells. 

0404 Large Scale Suspension culture of mammalian cells 
in Stirred tanks is a common method for production of 
recombinant proteins. Two Suspension culture reactor 
designs are in wide use-the Stirred reactor and the airlift 
reactor. The Stirred design has Successfully been used on an 
8000 liter capacity for the production of interferon. Cells are 
grown in a stainleSS Steel tank with a height-to-diameter 
ratio of 1:1 to 3:1. The culture is usually mixed with one or 
more agitators, based on bladed disks or marine propeller 
patterns. Agitator Systems offering leSS Shear forces than 
blades have been described. Agitation may be driven either 
directly or indirectly by magnetically coupled drives. Indi 
rect drives reduce the risk of microbial contamination 
through Seals on Stirrer shafts. 

04.05 The airlift reactor, also initially described for 
microbial fermentation and later adapted for mammalian 
culture, relies on a gas Stream to both mix and oxygenate the 
culture. The gas Stream enters a riser Section of the reactor 
and drives circulation. Gas disengages at the culture Surface, 
causing denser liquid free of gas bubbles to travel downward 
in the downcorner Section of the reactor. The main advan 
tage of this design is the Simplicity and lack of need for 
mechanical mixing. Typically, the height-to-diameter ratio is 
10:1. The airlift reactor Scales up relatively easily, has good 
mass transfer of gases and generates relatively low Shear 
forces. 

0406) N. Methods for Blocking Calpain 10 Action 
0407. In another embodiment of the present invention, 
there is contemplated the method of blocking the function of 
calpain 10 in type 2 diabetes. In this way, it may be possible 
to curtail the effects of exceSS calpain 10 in diabetes. In 
addition, it may prove effective to use this Sort of therapeutic 
intervention in combination with more traditional diabetes 
therapies, Such as the administration of insulin. 
0408. The general form that this aspect of the invention 
will take is the provision, to a cell, of an agent that will 
inhibit calpain 10 function. Four Such agents are contem 
plated. First, one may employ an antisense nucleic acid that 
will hybridize either to the calpain 10 gene or the calpain 10 
gene transcript, thereby preventing transcription or transla 
tion, respectively. The considerations relevant to the design 
of antisense constructs have been presented above. Second, 
one may utilize a calpain 10-binding protein or peptide, for 
example, a peptidomimetic or an antibody that binds immu 
nologically to calpain 10. The binding of either will block or 
reduce the activity of the calpain 10. The methods of making 
and Selecting peptide binding partners and antibodies are 
well known to those of skill in the art. Third, one may 
provide to the cell an antagonist of calpain 10, for example, 
an inhibitor, alone or coupled to another agent. Fourth, one 
may provide an agent that binds to the calpain 10 Sub 
Strate(s) without the same functional result as would arise 
with calpain 10 binding. 
04.09 The compounds anticipated herein have activity as 
inhibitors of proteases, Such cysteine proteases, including 
calpain. It is believed by those of skill in this art that 
excessive activation of the Ca"-dependent protease calpain 
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plays a role in the pathology of a variety of disorders, 
including cerebral ischaemia, cataract, myocardial 
ischaemia, muscular dystrophy and platelet aggregation. 
Thus, compounds that have activity as calpain inhibitors are 
considered by those of skill in this art to be useful (U.S. Pat. 
No. 5,081,284; Sherwood et al., 1993). Assays that measure 
the anti-calpain activity of Selected compounds are known to 
those of skill in the art (U.S. Pat. No. 5,081,284). Activities 
of inhibitors in Such in vitro assays at concentrations (ICs) 
in the nanomolar range or lower are indicative of therapeutic 
activity. Such compounds also have utility in the purification 
of proteinases, Such as cysteine proteases, on affinity col 
umns of these compounds (U.S. Pat. No. 5,081,284). Also, 
calpain inhibtors, Such as N-Acetylleucyleucylinorleucinal 
(EPO 504 938 A2; Sherwood et al., 1993 are used as 
reagents in the Study of protein trafficking and other cellular 
processes (Sharma et al., 1992). Finally, inhibitors of cys 
teine proteases Strongly inhibit the growth of Plasmodium 
falciparumand Schistosoma mansoni (Scheibel et al., 1984). 
0410 Provision of a calpain 10 gene, a calpain 10 pro 
tein, or a calpain 10 antagonist, would be according to any 
appropriate pharmaceutical route. The formulation of Such 
compositions and their delivery to tissues is discussed 
below. The method by which the nucleic acid, protein or 
chemical is transferred, along with the preferred delivery 
route, will be Selected based on the particular Site to be 
treated. Those of skill in the art are capable of determining 
the most appropriate methods based on the relevant clinical 
considerations. 

0411 Many of the gene transfer techniques that generally 
are applied in vitro can be adapted for eX Vivo or in Vivo use. 
For example, Selected organs including the liver, Skin, and 
muscle tissue of rats and mice have been bombarded in vivo 
(Yang et al., 1990; Zelenin et al., 1991). Naked DNA also 
has been used in clinical Settings to effect gene therapy. 
These approaches may require Surgical exposure of the 
target tissue or direct target tissue injection. Nicolau et al. 
(1987) accomplished Successful liposome-mediated gene 
transfer in rats after intravenous injection. 
0412 Dubensky et al. (1984) successfully injected polyo 
mavirus DNA in the form of CaPO precipitates into liver 
and Spleen of adult and newborn mice demonstrating active 
viral replication and acute infection. Benvenisty and Neshif 
(1986) also demonstrated that direct intraperitoneal injection 
of CapO precipitated plasmids results in expression of the 
transfected genes. Thus, it is envisioned that DNA encoding 
an antisense construct also may be transferred in a similar 
manner in Vivo. 

0413 Where the embodiment involves the use of an 
antibody that recognizes a calpain 10 polypeptide, consid 
eration must be given to the mechanism by which the 
antibody is introduced into the cell cytoplasm. This can be 
accomplished, for example, by providing an expression 
construct that encodes a single-chain antibody version of the 
antibody to be provided. Most of the discussion above 
relating to expression constructs for antisense versions of the 
calpain 10 gene will be relevant to this aspect of the 
invention. Alternatively, it is possible to present a bifunc 
tional antibody, where one antigen binding arm of the 
antibody recognizes a calpain 10 polypeptide and the other 
antigen binding arm recognizes a receptor on the Surface of 
the cell to be targeted. Examples of Suitable receptors would 
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be an HSV glycoprotein Such as g3, gC, gD, or g|H. In 
addition, it may be possible to exploit the Fc-binding func 
tion associated with HSV g, thereby obviating the need to 
Sacrifice one arm of the antibody for purposes of cell 
targeting. 
0414 Advantageously, one may combine this approach 
with more conventional diabetes therapy options. 
0415 O. Transgenic Animals/Knockout Animals 
0416) In one embodiment of the invention, transgenic 
animals are produced which contain a functional transgene 
encoding wild-type or calpain 10 polypeptides. Transgenic 
animals expressing calpain 10 transgenes, recombinant cell 
lines derived from Such animals and transgenic embryos 
may be useful in methods for Screening for and identifying 
agents that induce or repress function of calpain 10. Such 
models will be useful in identifying new and novel agents 
that will be useful in a diabetes therapeutic context. Trans 
genic animals of the present invention also can be used as 
models for Studying indications of abnormal calpain 10 
expression in diabetes. 
0417. In one embodiment of the invention, a calpain 10 
transgene is introduced into a non-human host to produce a 
transgenic animal expressing a human calpain 10. The 
transgenic animal is produced by the integration of the 
transgene into the genome in a manner that permits the 
expression of the transgene. Methods for producing trans 
genic animals are generally described by Wagner and Hoppe 
(U.S. Pat. No. 4,873,191; which is incorporated herein by 
reference), Brinster et al. 1985; which is incorporated herein 
by reference in its entirety) and in “Manipulating the Mouse 
Embryo; A Laboratory Manual” 2nd edition (eds., Hogan, 
Beddington, Costantimi and Long, Cold Spring Harbor 
Laboratory Press, 1994, which is incorporated herein by 
reference in its entirety). Additional descriptions for gener 
ating transgenic animal models may be found in numerous 
published Patents inlcuding but not limited to U.S. Pat. Nos. 
5,817,912; 5,817,911; 5,814,716; 5,814,318; 5,811,634; 
5,741,957; 5,731,489; 5,770,429; 5,718,883, each of these 
patents is specifically incorporated herein by reference as 
teaching methods and compositions for the production of 
transgenic animals. 
0418. It may be desirable to replace the endogenous 
calpain 10 by homologous recombination between the trans 
gene and the endogenous gene, or the endogenous gene may 
be eliminated by deletion as in the preparation of "knock 
out' animals. Typically, a calpain 10 gene flanked by 
genomic Sequences is transferred by microinjection into a 
fertilized egg. The microinjected eggs are implanted into a 
host female, and the progeny are Screened for the expression 
of the transgene. Transgenic animals may be produced from 
the fertilized eggs from a number of animals including, but 
not limited to rodents, reptiles, amphibians, birds, mammals, 
and fish. Within a particularly preferred embodiment, trans 
genic mice are generated which overexpress calpain 10 or 
express a mutant form of the polypeptide. Alternatively, the 
absence of a calpain 10 in "knock-Out' mice permits the 
Study of the effects that loSS of calpain 10 protein has on a 
cell in Vivo. Knock-out mice also provide a model for the 
development of calpain 10-related abnormalities Such as 
diabetes. 

0419 AS noted above, transgenic animals and cell lines 
derived from Such animals may find use in certain testing 
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experiments. In this regard, transgenic animals and cell lines 
capable of expressing wild-type or calpain 10 may be 
exposed to test Substances. These test Substances can be 
Screened for the ability to enhance wild-type calpain 10 
expression and/or function or impair the expression or 
function of calpain 10. 
0420 P. Pharmaceuticals and In vivo Methods for the 
Treatment of Disease 

0421 Aqueous pharmaceutical compositions of the 
present invention will have an effective amount of a calpain 
10 expression construct, an antisense calpain 10 expression 
construct, an expression construct that encodes a therapeutic 
gene along with calpain 10, a protein or compound that 
inhibits mutated calpain 10 function respectively, Such as an 
anti-calpain 10 antibody. Pharmaceutical compositions of 
the present invention may also have an effective amount of 
a calpain inhibitor, Such as calpeptin, calpain inhibitor 1, 
calpain inhibitor 2 (N-acetyl-leucyl-leucyl-methioninal, 
ALLM), or E-64-d. Such compositions generally will be 
dissolved or dispersed in a pharmaceutically acceptable 
carrier or aqueous medium. An "effective amount,” for the 
purposes of therapy, is defined at that amount that causes a 
clinically measurable difference in the condition of the 
Subject. This amount will vary depending on the Substance, 
the condition of the patient, the type of treatment, the 
location of the lesion, etc. 
0422 The phrases “pharmaceutically or pharmacologi 
cally acceptable” refer to molecular entities and composi 
tions that do not produce an adverse, allergic or other 
untoward reaction when administered to an animal, or 
human, as appropriate. AS used herein, "pharmaceutically 
acceptable carrier' includes any and all Solvents, dispersion 
media, coatings, antibacterial and antifungal agents, isotonic 
and absorption delaying agents and the like. The use of Such 
media and agents for pharmaceutically active Substances is 
well known in the art. Except insofar as any conventional 
media or agent is incompatible with the active ingredients, 
its use in the therapeutic compositions is contemplated. 
Supplementary active ingredients, Such as other anti-dia 
betic agents, can also be incorporated into the compositions. 
0423 In addition to the compounds formulated for 
parenteral administration, Such as those for intravenous or 
intramuscular injection, other pharmaceutically acceptable 
forms include, e.g., tablets or other Solids for oral adminis 
tration; time release capsules, and any other form currently 
used, including cremes, lotions, mouthwashes, inhalants and 
the like. 

0424 The active compounds of the present invention will 
often be formulated for parenteral administration, e.g., for 
mulated for injection via the intravenous, intramuscular, 
Subcutaneous, or even intraperitoneal routes. The prepara 
tion of an aqueous composition that contains calpain 10 
inhibitory compounds alone or in combination with a con 
ventional diabetes therapy agents as active ingredients will 
be known to those of skill in the art in light of the present 
disclosure. Typically, Such compositions can be prepared as 
injectables, either as liquid Solutions or Suspensions, Solid 
forms Suitable for using to prepare Solutions or Suspensions 
upon the addition of a liquid prior to injection can also be 
prepared; and the preparations can also be emulsified. 
0425 Solutions of the active compounds as free base or 
pharmacologically acceptable Salts can be prepared in water 
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Suitably mixed with a Surfactant, Such as hydroxypropylcel 
lulose. Dispersions can also be prepared in glycerol, liquid 
polyethylene glycols, and mixtures thereof and in oils. 
Under ordinary conditions of Storage and use, these prepa 
rations contain a preservative to prevent the growth of 
microorganisms. 
0426. The pharmaceutical forms suitable for injectable 
use include Sterile aqueous Solutions or dispersions, formu 
lations including Sesame oil, peanut oil or aqueous propy 
lene glycol, and Sterile powders for the extemporaneous 
preparation of Sterile injectable Solutions or dispersions. In 
many cases, the form must be Sterile and must be fluid to the 
extent that easy Syringability exists. It must be stable under 
the conditions of manufacture and Storage and must be 
preserved against the contaminating action of microorgan 
isms, Such as bacteria and fungi. 
0427. The active compounds may be formulated into a 
composition in a neutral or Salt form. Pharmaceutically 
acceptable Salts, include the acid addition salts (formed with 
the free amino groups of the protein) and which are formed 
with inorganic acids Such as, for example, hydrochloric or 
phosphoric acids, or Such organic acids as acetic, oxalic, 
tartaric, mandelic, and the like. Salts formed with the free 
carboxyl groups can also be derived from inorganic bases 
Such as, for example, Sodium, potassium, ammonium, cal 
cium, or ferric hydroxides, and Such organic bases as iso 
propylamine, trimethylamine, histidine, procaine and the 
like. 

0428 The carrier also can be a solvent or dispersion 
medium containing, for example, water, ethanol, polyol (for 
example, glycerol, propylene glycol, and liquid polyethyl 
ene glycol, and the like), Suitable mixtures thereof, and 
vegetable oils. The proper fluidity can be maintained, for 
example, by the use of a coating, Such as lecithin, by the 
maintenance of the required particle size in the case of 
dispersion and by the use of Surfactants. The prevention of 
the action of microorganisms can be brought about by 
various antibacterial and antifungal agents, for example, 
parabens, chlorobutanol, phenol, Sorbic acid, thimerosal, 
and the like. In many cases, it will be preferable to include 
isotonic agents, for example, Sugars or Sodium chloride. 
Prolonged absorption of the injectable compositions can be 
brought about by the use in the compositions of agents 
delaying absorption, for example, aluminum monoStearate 
and gelatin. 
0429 Sterile injectable solutions are prepared by incor 
porating the active compounds in the required amount in the 
appropriate Solvent with various of the other ingredients 
enumerated above, as required, followed by filtered Steril 
ization. Generally, dispersions are prepared by incorporating 
the various Sterilized active ingredients into a sterile vehicle 
which contains the basic dispersion medium and the 
required other ingredients from those enumerated above. In 
the case of Sterile powders for the preparation of Sterile 
injectable Solutions, the preferred methods of preparation 
are vacuum-drying and freeze-drying techniques which 
yield a powder of the active ingredient plus any additional 
desired ingredient from a previously Sterile-filtered Solution 
thereof. 

0430 Upon formulation, solutions will be administered 
in a manner compatible with the dosage formulation and in 
Such amount as is therapeutically effective. The formulations 
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are easily administered in a variety of dosage forms, Such as 
the type of injectable solutions described above, with even 
drug release capsules and the like being employable. 
0431. For parenteral administration in an aqueous solu 
tion, for example, the solution should be suitably buffered if 
necessary and the liquid diluent first rendered isotonic with 
Sufficient Saline or glucose. These particular aqueous Solu 
tions are especially Suitable for intravenous, intramuscular, 
Subcutaneous and intraperitoneal administration. In this con 
nection, Sterile aqueous media which can be employed will 
be known to those of skill in the art in light of the present 
disclosure. For example, one dosage could be dissolved in 1 
mL of isotonic NaCl Solution and either added to 1000 mL 
of hypodermoclysis fluid or injected at the proposed Site of 
infusion, (see for example, "Remington's Pharmaceutical 
Sciences' 15th Edition, pages 1035-1038 and 1570-1580). 
Some variation in dosage will necessarily occur depending 
on the condition of the Subject being treated. The perSon 
responsible for administration will, in any event, determine 
the appropriate dose for the individual Subject. 
0432 Q. Examples 
0433. The following examples are included to demon 
strate preferred embodiments of the invention. It should be 
appreciated by those of Skill in the art that the techniques 
disclosed in the examples which follow represent techniques 
discovered by the inventor to function well in the practice of 
the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in 
the art should, in light of the present disclosure, appreciate 
that many changes can be made in the Specific embodiments 
which are disclosed and still obtain a like or similar result 
without departing from the Spirit and Scope of the invention. 

EXAMPLE 1. 

Methods 

0434 Generation of a Physical Map and Sequence of the 
NIDDM1 Region 
0435 YAC clones containing sequences of interest were 
identified by screening the CEPH 'A' and 'B' Human YAC 
DNA pools (Research Genetics, Huntsville, Ala.) using 
PCRTM and standard methods. PAC (PAC-6539; Genome 
Systems, St. Louis, Mo.) and BAC clones (CITB Human 
BAC DNA Pools-Release IV, Research Genetics) were 
identified in a similar manner. 

0436 DNA was prepared from each clone and tested 
directly for the presence of each STS. STSs were selected 
from the Généthon human genetic linkage map and the 
human transcript map in the interval around D2S125 
D2S140 (http://www.ncbi.nlm.nih.gov). Additional STSs 
were generated by Sequencing ends of clones and by 
sequencing random Pst fragments from the PACs and BACs 
after cloning in pGEM-4Z. The Sequences of these clones 
were compared to those in the nonredundant GenBank 
database to identify unmapped ESTS from this region. 
0437. The sequence of a 50 kb region including NIDDM1 
was assembled from the Sequences of restriction enzyme 
(EcoRI, BamHI, HindIII, Pst and Sau 3AI) of PCRTM 
generated fragments of b204E21 and p278G8. This 
Sequence was examined for putative exons using the exon 
prediction and gene modeling program Grail 2 (http:// 
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compbio.orn1.gov) and for homology with known 
Sequences in the GenBank database (http://www.ncbi.nlm 
.nih.gov) using the BLAST Suite of programs. The sequence 
was Screened for repeated Sequences using the programs 
Grail 2 and RepeatMasker (Smit AFA, Green P-Repeat 
Masker at http://ftp.genome...washington.edu/RM/Repeat 
Masker.html). 
0438. The calpain-like protein and G-protein coupled 
receptor were examined for Sequence motifs using the 
program PROSITE (http://www.ebi.ac.uk). Multiple align 
ment of amino acid Sequences was carried using the 
CLUSTAL X software package (http://www.igbmc.u-stras 
bg.fr/BioInfo/clustal). Phylogenetic trees were constructed 
using the neighbor joining method based on the number of 
amino acid Substitutions. Bootstrap tests were performed 
using a random number generator and number of bootstrap 
trials of 1,000 and 10,000, respectively. The tree was drawn 
using the TREEVIEW package (http://taxonomy. Zoology.g- 
la.ac.uk/rod/treeview). 
0439) RNA Expression Studies 
0440 Calpain 10 and GPR35 cDNA fragments were 
labeled by random priming and hybridized to Human RNA 
Master and Multiple Tissue Northern (MTNTM) Blots (Clon 
tech, Palo Alto, Calif.). Membranes were washed under 
high-stringency conditions (55 and 0.1xSSC and 0.1% 
SDS) before exposure to X-ray film. The human calpain 10 
probe was a 2,484 bp fragment containing the entire coding 
region and 41 and 427 nucleotides of 5’- and 3'-untranslated 
region, respectively, and the probe for GPR35 was a 1,558 
bp fragment that included the entire 309 amino acid coding 
region and 464 and 167 nucleotides of 5’- and 3'-untranslated 
region, respectively. The tissue distribution of mouse calpain 
10 was determined by hybridization of a mouse cDNA probe 
encoding entire coding region to a mouse MTNTM blot. 
0441 cDNA Cloning 
0442 Human calpain 10 cDNA sequences were obtained 
by sequencing EST yg33d 10 (IMAGE Consortium, 
Research Genetics), vector-primer and primer-primer ampli 
fication of various human cDNA libraries, and 5'- and 
3'-RACE. The 3'-RACE was carried out using human pan 
creas Marathon-ReadyTM clDNA (Clontech). Vector-primer 
amplification of a heart 5'-stretch cDNA library (Clontech) 
identified a clone having 65 nucleotides upstream of the 
putative ATG codon. Efforts to obtain additional 5'-untrans 
lated Sequence were unsuccessful possibly because of the 
GC-rich character of the Sequence. The Sequence of mouse 
calpain 10 cDNA was obtained in a similar manner includ 
ing 5'-RACE using liver, heart and skeletal muscle RNA. 
The sequence of human GPR35 cDNA was obtained as 
described for human calpain 10 including 5'- and 3'-RACE. 
0443 Identification of SNPs 
0444 SNPs were identified by resequencing ESTs, STSs 
and a 50 kb Segment in ten affected individuals, eight from 
families in which NIDDM1 was likely to be segregating and 
two from families in which variation at NIDDM1 was 
unlikely to contribute to the development of type 2 diabetes. 
Only ten Subjects were examined because the inventors were 
primarily interested in identifying SNPs with relatively high 
frequency. Once a SNP was identified, it was typed by direct 
sequencing or PCRTM-RFLP in 100 additional patients thus 
giving the inventors information on one affected Subject 
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from each of 110 families from the original genome-wide 
Screen (including the 10 individuals used for the original 
identification of the SNP) and in 112 randomly ascertained 
Mexican American controls. All patients and controls were 
from Starr County, TeX., and Surrounding area. 
0445 Association Studies 
0446. The strategy to identify linkage disequilibrium 
within the NIDDM1 region was based on the comparison of 
allele and haplotype frequencies at SNPs in 110 patients and 
112 random controls. Initial analyses were conducted on 
allele frequencies, using a chi-square test to assess the 
Significance of differences between patients and controls. 
Additional analyses were conducted by comparing the esti 
mates of frequencies of haplotypes composed of Successive 
SNPs in patients and controls. 
0447. A likelihood ratio test was calculated with signifi 
cance assessed through Simulation Studies using random 
permutation of genotypes within the patient and control 
groups. The rationale for considering haplotype frequency 
differences was that the inventors might be able to detect 
linkage disequilibrium acroSS a region defined by Successive 
SNPs even if they could not detect linkage disequilibrium 
via the association tests at the individual SNPs. Since the 
110 patients were from the original families used in the 
genome-wide Screen for type 2 diabetes genes, the inventors 
had considerable additional information on the probability 
that these individuals actually derived susceptibility from 
NIDDM1, thereby allowing the inventors to conduct analy 
ses to confirm the consistency of any findings. 
0448 Positive findings were followed up by making 
further comparisons between the control group and 1) a 
Subset of patients from families providing Strong evidence 
for linkage to NIDDM1 (NPL-0.7, n=37) and 2) a smaller 
Subset of patients from families with Strong evidence for 
linkage to the NIDDM1 region of chromosome 2 and the 
CYP19 region of chromosome 15 (NPL-0.7 at both, n=20). 
The inventors had the expectation that any allele or haplo 
type frequency differences between the overall patient group 
and controls that reflected actual linkage disequilibrium 
between the haplotype or allele and NIDDM1 should be 
even Stronger in comparisons of the controls with Subsets of 
patients most likely to have the variation at NIDDM1. This 
Strategy was designed to maximize the ability to detect 
disequilibrium by looking for it at both the level of the allele 
and the haplotype, but minimize the potential for misleading 
false positive results. 
0449 Linkage Studies-110 Families 
0450 Once UCSNP-43 was identified through the asso 
ciation studies as a possible candidate for being NIDDM1, 
the inventors examined the evidence for linkage (using all 
chromosome 2 markers genotyped for the original genome 
scan) in subsets of the data defined on the basis of the 
genotype at UCSNP-43 in the single member of the 110 
families in which an individual was typed. 
04.51 Linkage analyses were conducted using a version 
of GENEHUNTER (Kruglyak et al., 1996) modified to 
allow assessment of the evidence for linkage that is not 
conservative in the presence of missing data Kong and Cox, 
1997), and all analyses were conducted using the S(pairs) 
Scoring function. These analyses were facilitated by devel 
opment of a recent extension that allows weights for families 
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to be specified. Thus, families in which no member was 
typed were assigned weight 0 and Similarly, families in 
which the Single typed member had a non-associated geno 
type were assigned weight 0, while families in which the 
Single typed individual had an associated genotype were 
assigned weight 1. 

0452. The primary calculations are done but once, and 
then alternative weighting files can be used to determine the 
evidence for linkage in any Subset of the data defined on the 
basis of SNP genotypes in the 110 individuals routinely 
typed. The inventors compared results of linkage analyses in 
Subsets of the families defined on the basis of genotypes in 
the 110 typed individuals at UCSNP-43 with results of 
linkage analyses in Subset of the families defined on the 
basis of genotypes at the other SNPs. Dominant (1,1+1.2 vs 
2.2) and recessive (1,1 VS 1,2+2.2) models were considered 
for each SNP, 

0453 Linkage Studies-All Families 
0454) Linkage analyses for SNPs typed in all members of 
the 170 Sibships were carried out after first constructing data 
Sets reflecting dominant and recessive transmission of the 
asSociated allele. The use of a pair-based Scoring function 
allows the inventors to calculate the evidence for linkage in 
completely non-overlapping Sets of affected Sib pairs that are 
defined on the basis of their genotypes at SNPs. For each 
model (dominant and recessive), two data sets were con 
Structed, each of which contained the full genotypic infor 
mation at chromosome 2 markers used to determine the 
probability distribution of the complete inheritance vector 
for each family included in that data set but which included 
completely non-overlapping Sets of affected Sib pairs. For 
example, if allele 1 is the associated allele, the recessive data 
set for allelel was comprised of all families with at least two 
Sibs with the 1,1 genotype. All individuals within these 
families were included in analyses for obtaining information 
on the complete inheritance vectors, but only those indi 
viduals who were 1,1 homozygotes were considered as 
affected and therefore only those individuals contributed to 
the assessment of the evidence for linkage. A complemen 
tary group of Sibships was constructed from all SibShips not 
included in the "asSociated’ group. In addition, Sibships in 
which at least two but not all members had the at-risk 
genotype were included in this group. 
0455. In constructing the complementary set of affected 
Sib pairs, it is Sometimes necessary to duplicate SibShips in 
order to obtain the necessary complementarity without Sac 
rificing any of the information. Thus, when a Sibship con 
tains multiple sibs with and multiple sibs without the asso 
ciated genotypes, it is duplicated (number of duplicates 
number of SibS with associated genotypes), and affection 
Status of SibS are adjusted So that no pair is included more 
than once but all pairs are present in one or the other of the 
complementary data Sets. 

EXAMPLE 2 

Physical Mapping of NIDDM1 

0456) Initial linkage studies localized NIDDM1 to the 
distal long arm of chromosome 2 near D2S125. Further 
genotyping and refinement of the genetic map placed 
NIDDM1 near D25140 at 263.56 cM in the genetic map 
(Broman et al., 1998) with a 1-lod confidence interval from 
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257-269 cM, a 12 cM interval which included D25125 
(260.63 cM). Although the 1-lod confidence interval for 
NIDDM1 was quite large and thus made the identification of 
NIDDM1 a rather formidable task, Subsequent genetic stud 
ies identified a region on chromosome 15 near CYP19 which 
interacts with NIDDM1 to affect Susceptibility to type 2 
diabetes. 

0457 Taking the evidence for linkage at chromosome 15 
into account in linkage analyses on the NIDDM1 region of 
chromosome 2 increased the lod score from 4.0 to 7.3 and 

decreased the 1-lod confidence interval from 12 to 7 cM (i.e. 
from 259-266 cM). The inventors focused the inventors’ 
search for NIDDM1 in the 7 cM interval from 259-266 cM, 
knowing that the inventors might have to extend the inven 
tors search if the inventors did not find the variation 
responsible for NIDDM1 in this region. 

0458) A combined YAC, BAC and PAC contig (FIG. 2) 
centered on D2S140 was generated using information in 
public databases and by screening YAC, BAC and PAC 
libraries with markers from the Genethon human genetic 
linkage map and STSs for known genes and ESTs that had 
been localized to the region of NIDDM1. Additional STSs 
were generated from the ends of PAC and BAC clones and 
by random Sequencing of fragments of these clones. This 
contig was defined by 73 STSs and spanned a region of 
about 1.7 Mb. It included the 5.1 cM interval between 

D2S2285 and D2S140 (258.49-263.56 cM) and a smaller 
interval of unknown genetic size telomeric to D2S140 (FIG. 
2). Thus, this contig may encompass most if not all of the 
region defined by the 1-lod confidence interval (259-266 
cM) based on the interaction between NIDDM1 and the 
locus on chromosome 15 near CYP19. Fluorescent in situ 
hybridization with PAC 179G9 placed this contig in chro 
mosome band 2d 37.3, the most distal band of the long arm 
of chromosome 2. 

0459 Comparison of the sizes of the genetic and physical 
maps indicated that the NIDDM1 region was characterized 
by higher than average recombination So that 1 cM corre 
sponded to about 240 kb, a result consistent the telomeric 
location. This result was advantageous in that it reduced the 
size of the interval over which the search for NIDDM1 
would be conducted. However, it also represented a disad 
Vantage in that the levels of linkage disequilibrium would 
likely be decreased over this region. 

0460 The physical map enabled the inventors to begin a 
systematic search for NIDDM1. The inventors focused the 
inventors attention initially on the expressed Sequences 
localized in the physical map in this region identified during 
the course of assembling the contig. These included Several 
known genes (GPC1, ATSV, AGXT, HDLBP, NEDD5, 
Sds22-like, Serine/threonine kinase-like), none of which 
were obvious candidates, and 15 ESTs (FIG. 2). SNPs were 
identified in these expressed Sequences by resequencing 
STSs in a panel of ten unrelated diabetic subjects, eight of 
whom were selected because they were members of sibships 
in which NIDDM1 was likely to be segregating and two 
were from Sibships in which variation at NIDDM1 was 
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unlikely to contribute to the development of type 2 diabetes. 
Only ten Subjects were examined because the inventors were 
primarily interested in identifying SNPs with relatively high 
frequency. Once a SNP was identified, it was typed by direct 
sequencing or PCR-RFLP in 100 additional patients thus 
giving the inventors information on one affected Subject 
from each of 110 families from the original genome-wide 
Screen (including the 10 individuals used for the original 
identification of the SNP) and in 112 random controls. 

EXAMPLE 3 

Identification of NIDDM1 

0461 Allele and haplotype frequencies were compared 
among controls (n=112), patients (patients all, n=110), the 
Subgroup of patients from families most likely to have 
susceptibility at NIDDM1 (patients NIDDM1, n=37) and 
Subsequently with a Smaller Subgroup from families most 
likely to have susceptibility at NIDDM1 and the interacting 
locus near CYP19 on chromosome 15 (patients NIDDM1/ 
CYP19, n=20), once this interaction became evident. The 
expectation was that the degree of association would 
increase as the inventors examined those patients with type 
2 diabetes due to variation at NIDDM1 or to the interaction 
between NIDDM1 and the unknown diabetes susceptibility 
locus on chromosome 15. The inventors began the Search for 
NIDDM1 by first typing SNPs that the inventors had iden 
tified in known genes and ESTs and comparing the frequen 
cies of alleles and estimated haplotypes formed between 
adjacent markers (most haplotypes were between two adja 
cent markers although occasionally three were examined if 
the STS contained multiple SNPs) (FIG. 2, Table 5). 
0462. The results of these comparisons were used to 
focus the inventors Search including the identification of 
new SNPs found by shotgun sequencing of fragments of the 
BAC and PAC clones in ten unrelated diabetic subjects. 
0463 The control and various patient groups did not 
differ in allele frequencies at any of the first 15 SNPs 
examined (UCSNP-1-to-15, FIG. 2; Table 5). However, 
comparison of estimated haplotype frequencies between 
controls and patients (patients all) revealed a significant 
difference (P<0.05) in the frequencies of haplotypes com 
prised of the three markers UCSNP-1,-2 and -15. Moreover, 
the haplotype frequencies estimated from the Subset of 
patients from families with evidence for linkage at NIDDM1 
were also significantly different (P<0.01) from those esti 
mated in controls even though the Sample size was reduced 
by 50%. Therefore, the region between UCSNP-15 and 
UCSNP-1-to-4, a region of about 250 kb, became the 
primary focus of the inventors Search although the inven 
tors also continued to type SNPs outside this region in order 
to reinforce the inventors conclusions with regard to the 
location of NIDDM1. The inventors observed significant 
allele frequency differences between patients and controls at 
UCSNP-18 (P=0.019) which was distal to the inventors 
primary region of interest; however, allele frequencies did 
not differ between controls and either Subgroup of patients 
suggesting that NIDDM1 was unlikely to be in the region of 
this marker (Table 5). 
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0464) The SNPs are listed in order from centromere to 
qter as shown in FIGS. 2 and 3. The nucleotide indicates the 
location of the SNP in the 49,136 bp region (SEQID NO:1) 
that was sequenced. The frequency, q.(1), of the most com 
mon allele of each SNP is shown and is indicated for 
controls and for all the patients as well as for the Subgroups 
of patients showing evidence of linkage with NIDDM1 and 
NIDDM1 and CYP19. N indicates the number of families 
included in calculating the lod Score determined under each 
model. Each SNP was typed in 112 controls and 110 patients 
except for SNPs 56-60 that were only typed in the patients. 
SNPs 45, 43, 22 and 28 were also typed in all affected sib 
pairs used for the linkage studies-170 sibships and 330 
affected Sib pairs, and these results are shown in the line 
below. 

0465. A cluster of four SNPs in the interval between 
UCSNP-15 and UCSNP-1-to-4 showed a significant differ 
ence in allele frequencies between patients and controls: 
UCSNP-26, P=0.020; UCSNP-25, P=0.034; UCSNP-23, 
P=0.020; and UCSNP-22, P=0.0129 (Table 5). As expected 
because of their proximity to one another, there was Strong 
linkage disequilibrium between these four SNPs. The asso 
ciated alleles were also present at higher frequency on the 
haplotypes that lead the inventors to focus on this region in 
the first instance. The consistency of the findings led the 
inventors to focus the inventors attention on the region 
around UCSNP-22-to-26 and new SNPs flanking this clus 
ter. The results of this continuing Search Suggested that 
NIDDM1 was in the interval between UNSNP-20 and the 
cluster of SNPs, UCSNP-22-to-26. 
0466. At UCSNP-43, the inventors observed a striking 
increase in the frequency of the common allele in the patient 
and patient subgroups compared to controls (Table 5, FIG. 
3). The increasing frequency of the associated allele at 
UCSNP-43 from 0.73 in controls to 0.95 in the patient 
NIDDM1/CYP19 subgroup raised the possibility that 
NIDDM1 was transmitted as a high frequency recessive. 
The inventors therefore examined the evidence for linkage 
in the subgroups of patients defined by SNP genotypes in the 
single typed individual. UCSNP-43 generated a lod score of 
4.15 in just 67 of 110 sibships in which the single typed 
patient was homozygous for the common allele. Thus, 
UCSNP-43 was associated with type 2 diabetes, provided 
disproportionate evidence for linkage in the families of 
patients homozygous for the common allele and was the first 
marker to show compelling evidence for both (Table 5, FIG. 
3). UCSNP-43 was then typed in all members of the 170 
Sibships comprising the primary affected Sibpair dataset. 
Sibships in which all sibs were homozygotes for the com 
mon “G” allele accounted for 49% of all sibships and the 
affected Sibpairs from these families accounted for 45% of 
the 330 affected Sib pairs. The multipoint lod score in these 
families was 10.19. The multipoint lod score in the comple 
ment of the data (51% of families and 55% of affected sib 
pairs) was 0 across the entire 2qter region. Thus, all the 
evidence for linkage between type 2 diabetes and the 
NIDDM1 region can be accounted for by homozygosity of 
the G-allele at UCSNP-43. UCSNP-43 is the prime candi 
date for being the variation responsible for NIDDM1. 
0467. In order to be certain that there were no other SNPs 
that might provide comparable or even Stronger evidence for 
being NIDDM1, and to be sure that no other variants in the 
gene containing UCSNP-43 might be alternative NIDDM1 
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susceptibility alleles, a 50 kb region around this SNP was 
resequenced in ten patients to identify all the variation in this 
region. All high frequency SNPs, i.e. allele frequencies 
between 0.25-0.75, not in complete linkage disequilibrium 
with a previously typed SNP (the inventors found that SNPs 
with perfect genotypic correspondence in the ten unrelated 
patients were invariably in Strong linkage disequilibrium 
with each other) were then typed in at least the 110 patients 
for comparison with the results obtained with UCSNP-43. In 
addition, all members of the 170 sibships comprising the 
primary affected sibpair dataset were typed at SNPs selected 
for their proximity and Strong linkage disequilibrium to 
UCSNP-43, association with type 2 diabetes or dispropor 
tionate evidence for linkage (Table 5). Of the 60 SNPs 
examined, only UCSNP-43 can adequately account for the 
linkage of this region with type 2 diabetes. 
0468. Some of the polymorphisms studied exhibited a 
Stronger baseline association with type 2 diabetes in the 
comparison of allele frequencies between cases and controls 
than does UCSNP-43. However, many of the associations 
(e.g., UCSNP-38 and -39) become weaker rather than stron 
ger as the inventors consider the Subgroups of patients most 
likely to come from families segregating for NIDDM1, and 
the evidence for linkage in Subsets of families defined on the 
basis of genotypes (in the Single typed member of the 
family) at these loci is largely proportional to the number of 
families in the Subset. In contrast, the allelic associations at 
UCSNP-43 became stronger when examined in subgroups 
of patients most likely to come from families Segregating for 
NIDDM1. Moreover, the evidence for linkage in subsets of 
families defined by SNP genotype also increased and this 
increase was disproportionate to the number of families in 
the Subset of the data examined. 

0469 Fourteen of the 60 SNPs examined (Table 5) 
showed nominal evidence for association with type 2 dia 
betes (i.e. P-0.05) in comparisons of control and patient-all 
groups. In fact, some were more than 40 kb from NIDDM1/ 
UCSNP-43 which itself did not show evidence for associa 
tion in a direct comparison of controls and patients-all but 
was associated in the patient-NIDDM1 and -NIDDM1/ 
CYP19 subgroups. The failure to achieve statistical signifi 
cance in the patient-all group is due to the high frequency of 
the associated allele and the relatively Small Sample size. 
Thus consideration of only the association data between 
controls and the patient-all groups would not have provided 
the identity of NIDDM1. The analyses that addressed the 
evidence for linkage enabled the inventors to distinguish 
which polymorphism was NIDDM1. 
0470. In addition to typing UCSNP-43 in the primary set 
of 170 sibships (330 possible affected sibpairs) used in the 
genome-wide Screen for type 2 diabetes genes, the inventors 
also typed it in a Second Smaller group of 76 Sibships (110 
affected Sibpairs) that also provided evidence for linkage 
with markers near NIDDM1. Homozygosity for the com 
mon G-allele at UCSNP-43 can account for all of the 
evidence for linkage originally reported in this Sample as 
well (Table 5). 

EXAMPLE 4 

NIDDM1 is a Novel Calpain-like Protease 
0471. The analysis of the sequence of the 49,136 bp 
region (SEQ ID NO:1) around UCSNP-43 revealed two 
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genes, one encoding a novel calpain-like cysteine protease, 
designated calpain 10 (gene symbol CAPN10) (Saido et al., 
1994; Carafoli and Molinari, 1998; Dear et al., 1997) part of 
which was homologous to the ESTs yg33d 10, nfó1d 12 and 
yb22d04, and the second, a recently described G-protein 
coupled receptor GPR35 (O’Dowd et al., 1998), most similar 
in sequence to the P2Y-family of ATP receptors. No other 
excellent or good potential coding regions were predicted 
using Grail 2. The entire 49,136 bp region is found as SEQ 
ID NO:1. 

0472 RNA blotting studies showed that calpain 10 
mRNA was ubiquitously expressed and the major 2.7 kb 
transcript could be readily detected in all human adult and 
fetal tissues examined (FIG. 4). The isolation and charac 
terization of human calpain cDNAS gave a composite 
Sequence of 2,620 nucleotides excluding polyA tract and 
including 177 nucleotides of putative 5'-untranslated region. 
This sequence is shown as SEQ ID NO:3. This sequence 
contains an ORF that encodes a protein of 672 amino acids 
(SEQ ID NO:2) related in structural organization and 
Sequence with members of the calpain large Subunit Super 
family (FIG. 5). This ORF begins with the second ATG 
codon (both ATG codons are in an adequate context to be 
start sites for translation) (Kozak et al., 1996) and is not 
preceded by an in-frame Stop codon. 
0473 Conceptual translation beginning at the first ATG 
predicts the Sequence of a protein of 65 amino acids that is 
unrelated to any in the GenBank database. Since translation 
usually begins with the first ATG codon (Kozak et al., 1996), 
this result Suggests that the human calpain 10 cDNA may 
lack the authentic initiator codon. Using 5'-RACE and other 
Strategies, the inventors were unable to obtain additional 
5'-untranslated sequence. Thus, in order to confirm this ORF, 
the inventors isolated cDNA clones encoding the mouse 
orthologue Since they expected the homology between the 
human and mouse Sequences to be well conserved in the 
protein coding region and more divergent in the 5'- and 
3'-untranslated regions. The 2,511 bp composite mouse 
calpain 10 cDNA (SEQ ID NO:19) encoded a protein of 666 
amino acids (SEQ ID NO:18) having 81.7% identity with 
the human protein. There is 83.4% identity between the 
Sequences of the predicted coding regions of the mouse and 
human cDNAS and the homology dissipates outside of these 
regions. The longest ORF in mouse calpain 10 mRNA 
begins with the third ATG codon which is preceded 
upstream by an in-frame Stop codon. The first and Second 
ATG are in the same frame and are preceded by a in-frame 
Stop codon. There are stop codons in all three reading frames 
in the 109 bp upstream of the putative start of translation. 
The Sequence around the first ATG codon is highly divergent 
between human and mouse and becomes more Similar in the 
region of the second out-of-frame ATG codon. The inventors 
infer from these results that translation is initiated at the 
Second ATG codon in the human Sequence and at the third 
in the mouse. The implications of the presence of upstream 
ATG codons for the regulation of expression of calpain 10 
are unknown. 

0474. The human CAPN10 consists of 15 exons spanning 
32 kb (FIG. 3). The analysis of human cDNA clones 
revealed a complex pattern of alternative splicing generating 
in addition to the protein of 672 amino acids described above 
(SEQ ID NO:2), proteins of 544 (SEQ ID NO:4), 517 (SEQ 
ID NO:6), 513 (SEQ ID NO:8), 444 (SEQ ID NO:10), 274 
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(SEQ ID NO:12), 139 (SEQ ID NO:14) and 138 amino acids 
(SEQ ID NO:16), designated calpain 10a to 10h (FIG. 1). 
RT-PCRTM studies suggest that transcripts encoding calpain 
10a are the most abundant in the various tissues examined. 
Calpain 10b, 10c and 10g were readily detectable in many 
tissues including skeletal muscle and islets, and calpain 10h 
was present at moderate levels only in islets of the tissues 
tested. The other forms, calpain 10d to 10f are much less 
abundant. Studies of mouse calpain 10 expression showed a 
2.7 kb transcript that could be detected in all tissues exam 
ined. Thus, calpain 10 appears to be ubiquitously expressed 
in both mouse and human tissues. 

0475. The nucleotide variant showing all the evidence for 
linkage with type 2 diabetes, UCSNP-43, is located in intron 
3 of CAPN10 (FIG. 4) 746 bp downstream of the splice 
donor Site and 176 bp upstream of the Splice acceptor Site. 
The molecular mechanism by which the G-to-A polymor 
phism at UCSNP-43 affects susceptibility to type 2 diabetes 
is unclear. As shown in FIG. 5, there is alternative splicing 
of intron 3. However, the inventors RT-PCRTM studies 
Suggest that this is an relatively rare event and it remains to 
be determined whether it is influenced by the polymorphism 
at UCSNP-43. The inventors have also considered the 
possibility that there is a gene embedded within this intron. 
Translation of intron 3 in all frames revealed a small ORF 
in the reverse strand that could encode a protein of 95 amino 
acids. This protein has no homology with any in the Gen 
Bank database and the variant at UCSNP-43 would be a 
silent mutation. In addition, this ORF is not conserved in the 
Sequence of intron 3 of the mouse gene Strongly Suggesting 
that it is not an eXon. 

0476. There are only three polymorphisms in exons of the 
CAPN10: exon 11, a silent Substitution in codon 620 
(UCSNP-48, Table 5); and exon 13, a nucleotide substitution 
resulting in a Val-to-Ile change in codon 666 (q.(1)=0.98) 
(UCSNP-58); and a polymorphism in the 3'-untranslated 
region. None of these can account for the evidence of 
linkage of this region with type 2 diabetes. 
0477. In addition to CAPN10, the NIDDM1 interval 
included the gene encoding a recently identified member of 
the G-protein coupled receptor Superfamily, GPR35 
(O’Dowd et al., 1998). The sequence of GPR35 is most 
similar to that of a putative purinoceptor P2Y (34.4% 
identity) Suggesting that ATP or other nucleotide may be its 
ligand. Hybridization to a RNA Master Blots showed low 
levels of GPR35 mRNA in all adult and fetal tissues with 
relatively higher levels in adult lung, Small intestine, colon 
and Stomach. In these tissues, there are two major transcripts 
of 2.4 and 4.4 kb whereas in Skeletal muscle there is a Single 
transcript of 9.4 kb. The composite cDNA is 1,875 bp 
(exclusive of polyA tract, SEQ ID NO:21) and may lack 
about 400 bp of the 5-untranslated region. It encodes a 
protein of 309 amino acids (SEQ ID NO:20) having all the 
features of a G-protein coupled receptor including Seven 
membrane-Spanning Segments. Translation is predicted to 
begin at the third ATG codon which is preceded by an 
in-frame stop codon (the two upstream ATG codons which 
are in the same reading frame and closely followed by a stop 
codon are in a poor context to Serve as translational Start 
codons). The putative initiation codon is also in a poor 
context for initiation and translation may start at codon 14 
which is in a strong context. The GPR35 cDNA and gene 
Sequences are colinear Suggesting that GPR35 gene consists 
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of a single exon. The sequence of the GPR35 gene is also 
highly polymorphic with Six nucleotide Substitutions asso 
ciated with amino acid polymorphisms (including UCSNP 
38 and -53), three silent substitutions and three and two 
polymorphisms in the 5'- (UCSNP-49,-50 and -51) and 
3'-untranslated (UCSNP-40) regions of the mRNA, respec 
tively. While there is association of several of these poly 
morphisms with type 2 diabetes in Mexican Americans, they 
cannot account for the evidence of linkage (Table 6). 

EXAMPLE 5 

Improved Localization of NIDDM1 by Linkage 
Analyses 

0478 A previous genome-wide screen for type 2 diabetes 
genes in Mexican Americans localized a major Susceptibility 
gene, NIDDM1, to the D2S125-D2S140 region of chromo 
some 2 (Hanis et al., 1996) (multipoint lod score=4.03). This 
was the only region in the primary analyses to meet genome 
wide criteria for Significance. Animal Studies have Suggested 
that type 2 diabetes may result, at least in part, from epistatic 
interactions between genes (Terauchi et al., 1997; Brunning 
et al., 1997). In addition, Some alleles at genes associated 
with monogenic forms of diabetes Such as maturity onset 
diabetes of the young (MODY, a genetically heterogeneous 
form of diabetes characterized by autosomal dominant 
inheritance, onset usually before age 25 and pancreatic 
f-cell dysfunction) may cause a form of diabetes that 
resembles type 2 diabetes (Mahtani et al., 1996; Iwasaki et 
al.; 1997). 
0479. The inventors examined the evidence for statistical 
interactions between NIDDM1 and the ten other autosomal 
regions providing nominal evidence for linkage (p<0.05) in 
the study by Hanis et al. (1996) as well as five regions 
containing genes assorted ninth MODY (Table 6). Two 
regions, CYP19 on chromosome 15, and the hepatocyte 
nuclear factor (HNF)-1C/MODY3 gene on chromosome 12, 
showed significant correlations between their NPL scores 
and NPL scores at NIDDM1 even after Bonferroni correc 
tion for the number of correlations examined. The methods 
and results related to these Studies are described in further 
detail below. 

0480 Table 6. Correlations between NPL Scores at 
NIDDM1 and Autosomal Regions Nominally Significant in 
Genome-Wide Screen of type 2 Diabetes and Five Loci 
ASSociated with MODY 

TABLE 6 

Correlations between NPL Scores at NIDDMI and 
Autosomal Regions Nominally Significant in Genome-Wide 

Screen of type 2 Diabetes and Five Loci Associated with MODY 

Corrected Baseline NIDDMI 
Region Correction P-value LOD Weighted LOD 

CYP19 O.288 2.1 x 10 1.27 4.00 (Weighto) 
D7S502 O.18O O.29 O.76 1.31 (Weight) 
D3S3054 O.O98 S O.81 0.42 (Weighto) 
D2S377 O.O85 S 1.28 1.50 (Weighto) 
D15S104 O.O66 S O.93 1.20 (Weighto) 
D3S2452 O.O31 S 1.24 0.81 (Weight) 
D2S441 0.027 S 0.78 0.50 (Weighto) 
D12S379 -0.012 S O.68 0.30 (Weight) 
D11S1314 -O.O59 S 0.78 0.71 (Weighto) 
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TABLE 6-continued 

Correlations between NPL Scores at NIDDMI and 
Autosomal Regions Nominally Significant in Genome-Wide 

Screen of type 2 Diabetes and Five Loci Associated with MODY 

Corrected Baseline NIDDMI 
Region Correction P-value LOD Weighted LOD 

D17S1298 -0.172 O.39 O.73 1.21 (Weight) 
GCK O.124 S O.O1 0.26 (Weighto ) 
HNF-1C -O.228 O.04 O.O1 1.03 (Weighto) 
HNF-1B O.O10 S O.OO 0.00 (Weighto) 
HNF-4C. O.OO3 S O.38 0.35 (Weight O 
IPF1 -0187 O.24 O.32 1.11 (Weighto) 

*P-values corrected by multiplying the nominal P-value by the number of 
correlations examined (15), and numerical values are given only for those 
loci in which the uncorrected P-values were nominally significant (P < 
0.05). The marker used for HNf-1C was GATA32A10, for HNF-B was 
D17S1788, for HNF-4C was ADA, and for IPE1 was D13S221. 

0481 Methods 
0482 Genome scan data on 524 autosomal markers geno 
typed in 424 individuals from 170 Mexican American sib 
ships originally described in Hanis et al. (1996) were used 
for the analyses described here. A region near D2S140 
provided Strong evidence for linkage to type 2 diabetes in 
Mexican Americans (NIDDM1, lod=4.03, P-8x10) NPL 
Scores from this region were used in calculating correlations 
with each of the other ten autosomal regions providing 
nominally significant (P<0.05, MLS>0.59) evidence for 
linkage. Correlations were also calculated between the NPL 
scores at NIDDM1 and five regions from which MODY 
genes have been characterized (GCK (Frogel et al., 1993), 
HNF-1C. (Yamagata, 1996a), HNF-1B (Horikawa et al., 
1997), HNF-4C. (Yamagata, 1996b) and IPF1 (Stoffers et al., 
1997). 
0483 Analyses in which the evidence for linkage at 
NIDDM1 was used to weight the contribution from families 
in linkage analyses on these 15 regions were also conducted. 
In the weights, family weighting, families were assigned 
weight 0 if their NPL score at NIDDM1, (D2S140, the 
location providing the Strongest evidence for linkage in the 
NIDDM1 region) was 0 or negative and weight 1 if their 
NPL score at NIDDM1 was positive. In the weight, 
family weighting, families were assigned weight 1 if their 
NPL score at NIDDM1 was negative and weight 0 if their 
NPL score at NIDDM1 was 0 or positive. In the weights 
family weighting, the weight for families with positive NPL 
scores was calculated as NPL/NPL where NPL was 
the maximum NPL score observed in any family, and the 
weight for families with negative NPL scores was 0. 
0484 Simulation studies were used to assess the signifi 
cance of the increase in lod score at CYP19 using the 
weights, family weighting with respect to the evidence for 
linkage at NIDDM1. At D2S140 there were 95 families with 
positive NPL scores and 75 families with 0 or negative NPL 
Scores. Simulations based on the weight, or weights 
family weighing can be rapidly conducted using the exten 
sion which allows families to be weighted individually. The 
basic GENEHUNTER analysis need be conducted only once 
on the actual data (in this case, from chromosome 15), and 
then many replicate weighting files can be generated ran 
domly (in this example, 95 randomly chosen families are 
given weight and the remaining 75 families are given weight 
0) and used to calculate the final lod scores. 
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0485 The Software described in this manuscript is dis 
tributed as GENEHUNTER-PLUS (version 2.0 or later) and 
is available via anonymous ftp at galton.uchicago.edu on the 
/pub/kong directory. The allele-sharing method which is 
used is described in Kong and Cox (1997) and version 2.0 
introduces an option to provide a family-Specific weight in 
the lod Score computation. 

0486 Results 

0487. The lod in the CYP19 region was 1.3 in baseline 
analysis but increased to 4.0 when the families were 
weighted by their evidence for linkage at NIDDM1 using 
weighto, and to 4.1 when families were weighted by their 
evidence for linkage using weighing FIG. 7A). Note that the 
more distal region of chromosome 15 with Similar baseline 
evidence for linkage does not show a comparable increase in 
lod when the evidence for linkage at NIDDM1 is taken into 
account. However, the lod score at NIDDM1 rises from 4.0 
in the baseline analyses to 5.6 when families were weighted 
by their evidence for linkage at CYP19 using weighto asset 
to 7.3 using weights (FIG. 7B). In Simulations con 
ducted to determine the significance of the increase in the 
lod at CYP19 from 1.3 to >4.0, the inventors found that none 
of 10,000 replicates from a simulation in which 95 families 
(the number of families in these data and positive NPL 
scores at NIDDM1) were randomly chosen and analyzed for 
the actual 15 data had a lod Score as large as 4.0, although 
4 (of 10.000) yielded lods between 3.5 and 4.0. Thus, a 
reasonable estimate of the nominal significance of the 
increase in lod from 1.3 to 4.0 based on simulation is 

0.0001), or 0.0015 corrected for the number of regions 
examined. The conservative X test described above would 
be calculated as 2 log(10)(4.0-1.3)=12.4, giving a P-value of 
0.0004. The P-value obtained in this way is indeed compa 
rable to the P-values obtained from the correlation test and 

the simulations, but is more modest (conservative) because 
the inventors have not actually maximized the evidence for 
linkage over a family-specific weights (for example, the lod 
Score for Weightprop is 4.1). 

0488. The CYP19 region of chromosome 15 was the only 
location besides NIDDM1 to be replicated (P<0.05) in a 
Smaller, independent Sample of Mexican American families 
(Hanis et al., 1996). This, as well as the evidence for 
Statistical interaction between these regions, Suggests that in 
collections of Mexican American families similar in size to 
that in the original genome Scan, the evidence for linkage in 
analyses of chromosome 15 might Sometimes be more 
prominent than that for NIDDM1, and that in many such 
collections, the Signals from both regions might be compa 
rable and only modest unless the interaction is properly 
taken into account. Thus, it is possible that Some of the 
difficulties recognized in replicating results obtained in 
genome Scans for complex disorders (Suarez et al., 1994) 
might be alleviated by conducting analyses to identify 
potential interactions. Finally, the improvement in localiza 
tion offered by linkage analyses which allow for the contri 
butions of multiple susceptibility loci may be critical to the 
Successful positional cloning of genes for complex disor 
derS. 
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EXAMPLE 6 

The Presence of NIDDM1 Is Associated With 
Increased Risk for the Development of Type 2 

Diabetes in a Predisposed Population 

0489. In order to determine whether evidence that the 
presence of NIDDM1 is associated with increased risk for 
the development of type 2 diabetes in a predisposed popu 
lation could be detected, 106 Mexican American subjects 
from Starr County, Tex., were selected, each of whom had at 
least two first degree relatives with type 2 diabetes but none 
of whom had a personal history of previously diagnosed 
diabetes. 

0490 Each subject underwent a standard oral glucose 
tolerance test. This is a Standard test used to measure the 
response of islet cells to a glucose bolus and is currently 
recognized as the test in most wide-spread use for diabetes 
detection. After an overnight fast, blood Samples for the 
measurement of glucose and insulin were obtained before 
(-15 min and 0 min) and after (30, 60, 90 and 120 min) the 
ingestion of 75 g glucose orally. The Subjects were classified 
into two groups. The first was homozygous for the Gallele 
at UCSNP-43 (GG n=57) and the second was either 
homozygous for the A-allele (AA, n=15) or heterozygous 
(GA, n=34) at UCSNP-43 (combined AA/GA n=49). The 
results of this study are shown in Table 7 below which 
depicts average glucose and insulin concentrations in both 
groups of Subjects before and after glucose ingestion. 

TABLE 7 

Average glucose and insulin concentrations in homozygous and 
heterozygous individuals 

-15 O 3O 60 90 12O 
Genotype mins. min. min. min. min. min. 

Glucose GG 103 103 181 193 175 147 
(mg/dl) 
Glucose AAJGA 101 101 18O 187 160 133 
(mg/dl) 
Insulin GG 15.8 17.2 97.8 144.9 138.3 120.9 
(uO/ml) 
Insulin AAGA 16.4 17 123.6 157.2 130.5 108.9 
(uO/ml) 

0491 Fasting glucose concentrations were within the 
normal range (<110 mg/dl) in both groups. Following glu 
cose ingestion glucose concentrations increased as expected. 
In the AA/GA Subjects, the average glucose concentration 
had fallen to below 140 mg/dl by 120 min. This is the 
threshold value that defines normal glucose tolerance. How 
ever, in the GG Subjects, glucose concentrations remained 
elevated, and at 120 min had fallen to only 147 mg/dl a level 
defined as impaired glucose tolerance by WHO criteria. 
0492 Insulin concentrations were elevated in both 
groups after the overnight fast, i.e., at -15 and 0 min. In 
normal insulin Sensitive individuals the fasting insulin con 
centration is usually around 7 uU/ml and rarely exceeds 10 
tiU/ml. The presence of fasting hyperinsulinemia Suggests 
the presence of insulin resistance. After glucose ingestion, 
there was a rapid increase in insulin levels in the AA/GA 
Subjects, and this brisk insulin Secretory response is pre 
Sumably responsible for the normal response in glucose 
concentrations. In the GG subjects however the insulin 
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Secretory response to glucose ingestion is significantly 
reduced at 30 min. Thus, at 30 min after glucose ingestion, 
the increment in insulin levels over baseline values in the 
Subjects with the GG genotype was significantly lower than 
in the subjects with the AA/GA genotype (82.0 vs. 107.3 
uU/ml, P-0.043). At 90 and 120 min, insulin concentrations 
were higher in the Subjects with the GG genotype, presum 
ably as a response to the continued elevation in plasma 
glucose concentrations. 
0493 Thus, Mexican American subjects possessing a 
family history of diabetes who do not have diabetes them 
selves but who are homozygous GG at UCSNP-43 demon 
Strate a number of abnormalities on oral glucose tolerance 
testing. First, these individuals demonstrate fasting hyper 
insulinemia Suggesting the presence of insulin resistance. 
Second, these individuals have elevated average plasma 
glucose concentrations 120 min after ingestion of 75 g 
glucose orally to within a range that defines impaired 
glucose tolerance a condition widely recognized to be asso 
ciated with a significant increased risk for the Subsequent 
development of type 2 diabetes. Further, these individuals 
characteristically have reduced insulin concentrations 30 
min after ingestion of 75 g glucose. Reduced insulin con 
centrations in response to the oral ingestion of nutrients is 
one of the hallmarks of type 2 diabetes. A similar defect is 
therefore present in subjects homozygous GG at UCSNP-43 
even before the onset of diabetes. 

0494 The G-allele at UCSNP-43 has a frequency of 0.75 
in Mexican Americans, 0.71 in non-Hispanic whites of 
German ancestry, 0.90 in African Americans and 0.94 in 
Asians (Japanese). Its high frequency in African Americans 
and Asians implies that 81% and 88%, respectively, of the 
nondiabetic Subjects in these two populations have the 
at-risk genotype at UCSNP-43 and are thus at increased risk 
of diabetes due to variation at this locus. This may account, 
at least in part, for the higher frequency of type 2 diabetes 
in these populations (Diabetes in American, 2nd Edition. 
NIH Publication No. 95-1468, 1995). 
0495 Thus, the combination of pathophysiological 
defects (insulin resistance, impaired glucose tolerance and 
defective insulin Secretion) in Subjects who are homozygous 
GG at UCSNP-43 prior to the onset of overt type 2 diabetes 
provides Strong Supporting evidence for an important role of 
this gene as a primary cause of type 2 diabetes. 

EXAMPLE 7 

Studies to Elucidate Linkage of Homozygous GG 
at UCSNP-43 to Type 2 Diabetes in Additional 
Populations and to Determine Whether This 

Mutation Leads to Similar Physiological Effects in 
Other Populations 

0496 The homozygous GG at UCSNP-43 is a common 
genotype in populations other than the Mexican American 
subjects studied above. In view of the studies above, it is 
now possible to determine whether: (1) the linkage between 
this genotype and type 2 diabetes extends across other 
populations, and (2) similar physiological effects of this 
genotype are Seen in other populations. Studies are under 
way to assess these two questions. 
0497. The inventors are presently genotyping persons 
from populations, other than the Starr County, Tex., Mexican 
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American population, who have relatives with type 2 dia 
betes to determine whether they are homozygous GG, 
homozygous AA, or heterozygous at the relevant location in 
UCSNP-43. Once these geneotypes have been determined, 
appropriate Subjects from each will be Subjected to the 
glucose tolerance test described in Example 6 and perhaps 
other appropriate tests. The goals of this testing will be to 
allow one to determine whether the GG genotype impairs 
the ability of B-cells to increase insulin in response to 
glucose in these patients, whether insulin resistance and/or 
other defects of glucose metabolism are present, and 
whether there is a linkage found between this genotype and 
type 2 diabetes in this population. 

EXAMPLE8 

Regulation of Insulin Secretion and Insulin Action 
by Calpains 

0498 As demonstrated above, a substantial part of the 
genetic risk for diabetes in a Mexican American cohort is 
due to a common polymorphism in the intron of a gene 
encoding a novel calpain-like cysteine protease, termed 
calpain 10. Calpains are ubiquitously expressed cysteine 
proteases that are thought to act as intracellular processing 
enzymes with Significant Substrate specificity that allows 
them to regulate a variety of cellular functions including 
intracellular signaling, proliferation and differentaliation 
(Mellgren, 1997; Carafoli and Molinari, 1998; Murray et al., 
1997, Ueda et al., 1998). Although they have been impli 
cated in the regulation of a variety of normal cellular 
functions and in the pathophysiology of various disease 
states (Richard et al., 1995; Chen and Fernandez, 1998; 
Blomgren et al., 1995; Yokota et al., 1995), a role for calpains 
in glucose homeostasis has not been defined. 
0499. In this Example, the inventors show that inhibition 
of calpain activity with calpain inhibitor 2 (N-Ac-Leu-Leu 
methioninal, ALLM), a cell permiable calpain inhibitor that 
inhibits calpains I and II, reduces insulin Secretory responses 
to glucose and other insulin Secretagogues in isolated mouse 
islets and the isolated perfused mouse pancreas. These 
effects are dose dependent and reversible, are mediated, in 
part, by reduced responses in intracellular Ca", and do not 
involve a reduction in glucose metabolism in the pancreatic 
islet. In contrast to calpain inhibitor 2, E-64-d, a cell 
permeable thiol protease inhibitor, resulted in an increase in 
glucose induced insulin Secretion. In addition, ALLM 
reduced insulin mediated glucose transport in isolated rat 
muscle Strips and isolated adipocytes and incorporation of 
glucose to glycogen in muscle. These results therefore 
document a previously unappreciated role for calpain Sesi 
tive pathways in mediating insulin Secretion in the pancre 
atic B cell and insulin action in muscle and fat. Since 
inhibition of calpain activity can reproduce the two defects 
that are most characteristic of type 2 diabetes, i.e. insulin 
resistance and reduced insulin Secretory responses to glu 
cose and other Secretagogues, these results indicate that 
alterations in calpain activity play an important role in the 
pathophysiology of type 2 diabetes. 

0500 Methods 
0501 Animals. Studies were performed on islets 
obtained from non-fasted 9-13 wk old C57BL/6J mice 
(Jackson, Bar Harbor, Me.) and adipocytes and Soleus 
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muscles isolated from 8-12 wk old normal Wistar rats 
(Harlan Sprague-Dawley, Indianapolis, Ind.). The calpain 
inhibitors used were ALLM (N-Ac-Leu-Leu-methioninal, 
Calbiochem-Novabiochem, Inc, San Diego, Calif.) and 
E-64-d (ethyl (+)-(2S,3S)-3-(S)-3-Methyl-1-(3-methylbu 
tylcarbamoyl)butyl-carbamoyl-2-oxiranecarboxylate, 
Matreya Inc., Pleasant Gap, Pa.). The calpain inhibitors were 
dissolved in DMSO. GLP-1 (7-36 amide) was from Penin 
Sula Laboratory (Belmont, Calif.). 
0502 Static incubation of isolated pancreatic islets. Iso 
lation of mouse pancreatic islets was accomplished using 
collagenase digestion as previously described (Pontoglio et 
al., 1998). Following overnight incubation in RPMI 1640 
medium (11.6 mM glucose), islets were exposed to varying 
concentrations of inhibitors in the same medium for 4 hr at 
37 C. Islets were then pre-incubated in KRB containing 2 
mM glucose and similar concentrations of inhibitors for 60 
min at 37 C. Triplicate groups of 5 islets were then 
incubated in borosilicate tubes containing 1 ml of KRB with 
the same concentration of inhibitor and various insulin 
Secretagogues for one hour in a moving water bath at 37 C. 
The reaction was Stopped by placing the tubes on ice and an 
aliquot of the buffer was removed for measurement of 
insulin levels. Control studies, in which the incubation 
mixture contained vehicle (0.1% DMSO) only, were per 
formed using aliquots of the same batch of islets 
0503 Insulin secretion from perifused islets. Insulin 
Secretion from perifused islets was measured using a modi 
fication of a previously described protocol (Pontoglio et al., 
1998; Sreenan et al., 1998). 
0504) Measurement of islet Ca", and NAD(P)H. Islet 
Ca2+) and NAD(P)H were measured as previously 
described (Pontoglio et al., 1998; Dukes et al., 1998). 
0505 Isolation of pancreatic B-cells. Single f-cells were 
obtained from isolated islets dispersed by gentle trituration 
(120 strokes through a 200 ul pipette tip) in Cat" and 
Mg"-free PBS containing 10% trypsin. Cells were plated on 
glass coverslipS and maintained in culture in RPMI contain 
ing 11.6 mM glucose for 48-96 hr. 
0506 Patch-clamp electrophysiology. Calcium current 
measurements were obtained in the whole-cell patch-clamp 
configuration. Calcium currents were activated by Step 
depolarizations to either +10 or +20 mV for either 20 ms or 
100 ms, from HP=-80 mV. All current records are corrected 
for leak and capacitance. The data was filtered at 2 kHz and 
then sampled every 100us. Pipette resistances were 1.5-2.5 
MS2. Series resistance was partially compensated (~80%) 
using the compensation circuit of the AXOpatch-1C ampli 
fier. 

0507 Cells were incubated for 3-4 hr in RPMI at 37° C. 
in either 0.1% DMSO (control) or 100 uMALLM and then 
transferred for a further 1-2 hr to KRB containing similar 
concentrations of DMSO or ALLM. For recording, cells 
were bathed in a solution containing (in mM): 145 NaCl, 2 
KCl, 1 MgCl, 2 glucose, 10 HEPES, 10 CaCl, pH 7.3 
(adjusted with NaOH) and either DMSO or ALLM. After 
establishing the whole cell configuration the bath Solution 
was exchanged for a TEA based recording medium which 
contained (in mM): 155 TEA-C1, 2 glucose, 10 HEPES, 10 
CaCl and 100 nM TTX, pH=7.3 (adjusted with TEAOH) 
and either DMSO or ALLM. The intracellular pipette Solu 
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tion consisted of (in mM): 110 CsCl, 4 MgCl2, 20 HEPES, 
10 EGTA, 0.35 GTP, 4 ATP, 14 creatine phosphate, pH=7.3 
(adjusted with CSOH). 
0508 Capacitance recordings. Capacitance measure 
ments were made with the phase-tracking technique in 
which a 60 mV peak-to-peak Sine wave was Superimposed 
on a holding potential of -80 mV as previously described. 
Conductance and capacitance values were continuously gen 
erated and recorded. The whole-cell capacitance was can 
celed with the Slow capacitance compensation; unbalancing 
the slow capacitance compensation by 100 ft provided the 
capacitance calibration signal used to calculate changes in 
membrane capacitance. The Sinusoidal Voltage template was 
interrupted to deliver depolarizations to a cell. Beta cells 
were Stimulated with a train of ten Step depolarizations to 
+20 mV (HP=-80 mV). Each step depolarization lasted 150 
ms and was separated by 400 ms interpulse duration. 
Capacitance measurements were carried out in the perfo 
rated whole-cell configuration. The data were collected at a 
500 usec sampling rate and filtered at 5 kHz. Recordings 
with series resistance >20 MS2 were discarded. Series resis 
tance compensation was applied in all recordings. 

0509. The recording solution for the capacitance mea 
surements contained (in mM): 130 NaCl, 2 glucose, 10 
Na-HEPES, 1 MgCl, 2 KC1, and 5 CaCI, pH 7.3 with 
NaOH. The pipette solution contained (in mM): 135 Cs 
glutamate, 10 Na-HEPES, 9.5 NaCl, 0.5 TEACl, and 0.5 
CaCl, pH7.3 with CSOH. The pipettes were backfilled with 
an identical Solution to which amphotericin B (final con 
centration of 0.5 mg/ml) was added and then Sonicated. The 
amphotericin B stock Solution (125 mg/ml) was kept frozen 
at -20° C. and used for one week. ALLM pre-treatment was 
as described above (see patch-clamp electrophysiology Sec 
tion). All electrophysiological recordings were carried out at 
room temperature (22-24 C.) 
0510 Measurement of calpain activity in mouse pancre 
atic islets. Islets were loaded with the fluorogenic, mem 
brane-permeant calpain Substrate t-butoxycarbonyl-Leu 
Met-7-amino-4-chloromethylcoumarin (Boc-Leu-Met 
CMAC (10 uM), Molecular Probes, Eugene, Oreg.) in 
Hepes (10 mM) buffered KRB with 2 mM glucose, and the 
fluorescence emitted from the proteolytic product in islets 
was measured with a bandpass combination between 400 
and 500 nm following excitation by light at 340 nM. Studies 
were performed after a 4 hr incubation in the presence either 
of 200 uM ALLM, 200 uM E-64-d or vehicle. 
0511 Glucose utilization and oxidation rates. Glucose 
utilization and oxidation rates were measured as previously 
described (Dukes et al., 1998; Zhou et al., 1996) in mouse 
islets cultured as described above in the presence or absence 
of calpain inhibitors. 
0512 Glycogen synthesis rates in skeletal muscle. Mea 
Surement of glycogen Synthesis rates was performed using a 
modification of a previously described protocol (Burant et 
al., 1984) in Soleus muscle Strips isolated from non-fasted 
normal Wistar rats and incubated in KRB/5 mM glucose/10 
mM HEPES, 0.2% BSA in the presence and absence of 100 
uMALLM, 200 uM E-64-d or vehicle. 
0513 2-Deoxyglucose uptake into skeletal muscle and 
adipose tissue. 2-deoxyglucose (2-DOG) uptake by isolated 
Strips of Soleus muscle from normal Wistar rats was mea 
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Sured using a modification of a previously described proto 
col (Burant et al., 1984). Following a 30 min pre-incubation 
in KRB containing no glucose, 2 mM pyruvate, 10 mM 
HEPES, 0.2% BSA and ALLM or E-64-d, the muscle strips 
were transferred to identical medium containing 0.1 mM 
2-deoxy-2,6-Hlglucose (0.5 uCi/ml) and 0.1 mM 'C- 
sucrose (0.2 uCi/ml) and incubated for another 30 min at 37 
C. Muscles were then extracted and 2-DOG uptake calcu 
lated as previously described (Burant et al., 1984). 
0514 Adipocytes were isolated from epididymal fat pads 
of 3 month old male Wistar rats as described previously 
(Robdell, 1964) with the following modification: fat pads 
were minced to 1-2 mm pieces and incubated for ~25 min at 
37 C. with collagenase 1 (1 mg/ml, Worthington Biochemi 
cals, Lakewood, N.J.) in KRB containing 10 mM Hepes (pH 
7.4), 0.2% BSA and 2 mM sodium pyruvate. The cell 
Suspension was filtered through a nylon mesh (134 um, 
Spectrum Lab., Laguna Hills, Calif.) washed three times by 
floating and allowed to rest for 45 min in the KRB. For the 
measurement of basal and insulin-Stimulated transport of 
glucose, aliquots of 200 ul of adipocytes (2x10 cells/ml) 
were incubated for 120 min at 37° C. in KRB with different 
concentrations of insulin either with or without 100 M 
ALLM or E-64-d. Then another 50 ul of KRB containing 5 
mM 2-DOG (final concentration 1 mM), 0.5uCi of 2-deoxy 
2,6-Hlglucose was added and cells were incubated for a 
further 5 min at 25 C. The transport was stopped by adding 
cytochalasin B (final concentration 50 uM) and cells were 
spun through 250 ul of dinonyl phthalate oil (Fisher Scien 
tific, Pittsburgh, Pa.). Cells were then transferred to scintil 
lation vials for counting. 
0515 Assay methods. Insulin concentrations were mea 
Sured by a double antibody radioimmunoassay using a rat 
insulin Standard. The intra-assay coefficient of variation for 
this technique is 7%. All Samples were assayed in duplicate. 
0516 Statistical analysis. Results are expressed as mean 
(SEM. In each experimental protocol Summary measures of 
the experimental response e.g. areas under the insulin, 
NAD(P)H or Cal response curves were compared in the 
presence and absence of calpain inhibitor. The Statistical 
Significance of differences in the presence and absence of the 
inhibitor was assessed at the 5% level using the non-paired 
student's t-test, paired t-test, ANOVA or Wilcoxon ranksum 
test where appropriate. 

0517 Results 
0518 ALLM (250 uM) and E-64-d (200 uM) increased 
the insulin Secretory responses to 20 mM glucose in isolated 
pancreatic islets by 1.97+0.3-fold (n=5, p<0.01, 
(meani-SEM)) and 1.77+0.1-fold (n=6, p<0.001), respec 
tively (FIG. 8A and FIG. 8B). These effects were not 
observed at 2 mM glucose. The effects of ALLM and E-64-d 
on the insulin secretory response to 20 mM glucose (FIG. 
8C and FIG. 8D) were seen at inhibitor concentrations 
greater than 100 uM and were glucose dependent in that the 
insulin Secretory response was enhanced at glucose concen 
trations above 8 mM glucose but significant effects were not 
observed at 2, 4 or 6 mM glucose (FIG. 9A). The enhance 
ment of the insulin Secretory response to 20 mM glucose by 
ALLM and E-64-d was also observed in a dynamic islet 
perifusion system (FIG. 9B). ALLM produced a small but 
Statistically significant increase in the insulin Secretory 
response to 50 nM GLP-1 (1.55+0.2-fold, n=6, p<0.05), an 
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agent which Stimulates adenyl cyclase. ALLM did not 
however Significantly increase the insulin Secretory 
responses to 30 mM KCl, an agent which directly depolar 
izes the B-cell (FIG. 9C) or 100 uM carbachol (CCh) which 
mobilizes Ca" from intracellular stores. 

0519 Membrane capacitance measurements confirm the 
large enhancement of insulin Secretion observed after 
ALLM pre-treatment (FIG. 10). Representative capacitance 
changes, elicited by a train of depolarizations, from control 
(top) and ALLM pre-treated cells (bottom) are shown in 
FIG. 10A. Stimulation induced much larger average 
changes in membrane capacitance in ALLM pre-treated cells 
in comparison to control cells (FIG. 10B). 
0520. The stimulatory effects of ALLM and E-64-d on 
insulin Secretion in response to high glucose were not 
associated with increases in Cal (FIG. 11A and FIG. 
11B). This observation was confirmed by the observation 
that calcium currents were similar in control and ALLM 
treated cells (FIG. 11C); no differences in amplitude or 
kinetics were apparent. In addition, no shifts in Voltage 
dependence were observed and the average peak calcium 
current density obtained in control and ALLM pre-treated 
cells were comparable (FIG. 11D). 
0521 Rates of glucose utilization at basal (2 mM glu 
cose) and stimulatory glucose concentrations (20 mM) in the 
presence of 100 uM ALLM (14.5+3.6 and 89.5+3.0 pmol/ 
islet/hr, respectively) or 200 uM E-64-d (15.5+4 and 
79.5+9.5 pmol/islet/hr respectively) were not significantly 
different from those in islets incubated in their absence 
(14.5+2.1 and 76.5+6.5 pmol/islet/hr, n=3 in each case). 
Similarly, there was no significant difference in the glucose 
oxidation rates at basal or Stimulatory glucose concentra 
tions in the presence of ALLM (6.0+0.7 and 39.5+4.1 
pmol/islet/hr) and E-64-d (5.2+0.4 and 40.0+2.4) compared 
to those measured in the absence of inhibitor (4.4+0.8 and 
32.5+6.5 pmol/islet/hr, n=3 in each case). Consistent with a 
lack of effect of ALLM and E-64-d on B-cell glucose 
metabolism, the NAD(P)H response to an increase in the 
glucose concentration from 2 to 14 mM in the presence of 
100 uM ALLM (2.7+0.4-fold increase, n=4) and E-64-d 
(2.8+0.3-fold increase, n=2) was not significantly different 
from controls (2.6+0.2-fold increase, FIG. 11E and FIG. 
11F). 
0522. In order to document that ALLM and E-64-d were 
indeed inhibiting calpains rather than other cysteine pro 
teases, calpain activity was measured in isolated islets using 
the fluorogenic calpain Specific Substrate Boc-Leu-Met 
CMAC (FIG. 12). Although this compound does not allow 
us to distinguish between different calpain isozymes, it does 
appear to be a Substrate for calpains and not for other 
lySOSomal proteases under physiological conditions. In islets 
incubated in the presence of 200 uM ALLM or 200 uM 
E-64-d, the rate of generation of the fluorescent Signal was 
lower than in islets incubated in the absence of the calpain 
inhibitors. The area under the curve measuring the rate of 
generation of the fluorescent product was reduced to 35+4% 
(n=3, p<0.05) and 45+5% (n=4, p<0.05) of control values in 
the presence of ALLM (200 uM) and of E-64-d (200 uM) 
respectively. 

0523 The inventors also examined the effects of other 
protease inhibitors on insulin Secretion. Insulin Secretory 
responses to 20 mM glucose were not altered in the presence 
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of pepstatin A (100 um), an aspartic protease inhibitor, or 
Cathepsin B inhibitor 2 (100 uM), a lysosomal cysteine 
protease inhibitor, indicating that the inhibitory effects of 
ALLM and E-64-d on insulin Secretion are not seen with all 
protease inhibitors. 
0524. Since decreased insulin action in peripheral tissues 
defines insulin resistance and is a prominent feature of type 
2 diabetes, we determined whether ALLM and E-64-d 
affected insulin stimulated 2-deoxyglucose (2-DOG) uptake 
in muscle and fat cells. The uptake of 2-DOG into normal rat 
adipocytes (FIG. 13A as increased approximately 3-fold 
from 456.5:59 pmol/2x10 cells/5 min (n=6) to 1384+1.78 
pmol/2x10 cells/5 min (p<0.05, n=4) by the addition of 
insulin (12 nmol/L). However in the presence of 100 uM 
ALLM, insulin failed to increase 2-DOGuptake into adi 
pocytes significantly (598+102 vs. 751+71 pmol/2x10 
cells/5 min, n=4, paO.05). Similarly, in the presence of 200 
luM E-64-d, insulin failed to increase 2-DOG uptake into 
adipocytes significantly (361+29 vs. 749+129 pmol/2x10 
cells/5 min, n=4, p>0.05). 
0525) Insulin mediated glucose transport into strips of 
soleus muscle was also reduced by 100 uM ALLM or 200 
uM E-64-d (FIG. 13B). Insulin (12 nM) increased 2-deoxy 
glucose uptake into rat Soleus muscle Strips from 0.26-0.01 
to 0.47+0.03 (mol/ml HO/30 mins, p<0.05, n=5). However 
in the presence of ALLM (0.28+0.04 vs. 0.34+0.05 (mol/ml 
HO/30 mins, n=5, p>0.05) or E-64-d (0.31+0.02 vs. 
0.36+0.02 (mol/ml HO/30 mins, n=5, p>0.05) insulin failed 
to Stimulate a significant increase in muscle glucose uptake. 
0526 Rates of glycogen synthesis were measured in 
soleus muscle strips (FIG. 13C). Insulin (6 nM) increased 
the rate of muscle glycogen synthesis from 0.58+0.08 to 
1.55+0.20 nmol glucose/mg/hr (n=6, p<0.005). In the pres 
ence of 100 uM ALLM (0.27+0.03 vs. 0.40+0.05 nmol 
glucose/mg/hr, n=6, p<0.01) and 200 uM E-64-d (0.49+0.08 
vs. 0.80+0.14 nmol glucose/mg/hr, n=6, p<0.04), insulin 
caused a Significant increase in muscle glycogen Synthesis. 
However the magnitude of the increase was significantly 
lower in the presence of both ALLM (0.13+0.03 nmol 
glucose/mg/hr, p<0.01) and E-64-d (0.31+0.09 nmol glu 
cose/mg/hr) than in islets not exposed to these inhibitors 
(0.97+0.19 nmol glucose/mg/hr, p<0.01). 
0527 The specific calpain isozyme(s) or cysteine pro 
tease(s) implicated in the control of insulin Secretion and 
insulin action in the Studies described above is unknown. 
Isozyme-specific inhibitors are not available and ALLM and 
E-64-d inhibit both calpains and cathepsins. However, the 
inhibition of hydrolysis of the Substrate Boc-Leu-Met 
CMAC by ALLM and E-64-d in pancreatic islets supports 
the hypothesis that ALLM and E-64-d increase insulin 
Secretion by inhibiting calpain activity rather than affecting 
lySOSomal cysteine proteases Such as the cathepsins. The 
identification of the specific calpain(s) involved must await 
the development of more specific inhibitors. The concor 
dance of the present results with those from molecular 
genetic and clinical Studies showing a role for calpain 10 in 
the development of type 2 diabetes and insulin resistance 
Suggests that this calpain isozyme is important in mediating 
the observed effects. 

0528. The present studies also provide insight into the 
molecular mechanism by which ALLM and E-64-d increase 
the insulin Secretory responses to glucose and GLP-1. These 

49 
Oct. 17, 2002 

agents did not lead to an increase in Cal, rates of glucose 
oxidation and utilization, or NAD(P)H generation. Thus, 
they do not affect pathways in the B-cell responsible for the 
uptake and metabolism of glucose. Rather, the inventors 
believe that the most likely site(s) of action are in pathways 
that regulate the movement or fusion of insulin Secretory 
granules with the plasma membrane. 

0529. In addition to a role in insulin secretion, the inven 
tors have demonstrated that calpain inhibition results in 
reduced insulin Stimulated glucose transport into fat and 
muscle and reduced muscle glycogen Synthesis and thus 
reproduces the defects in insulin action that are the hall 
marks of insulin resistant States including type 2 diabetes. 
Taken in conjunction with genetic and physiological Studies 
showing that a common polymorphism in calpain 10 is 
asSociated with an increased risk of type 2 diabetes, 
decreased muscle mRNA levels and insulin resistance, these 
findings provide additional Support for the notion that 
calpains play an important role in the regulation of insulin 
action, perhaps by downregulating IRS-1 or promoting 
adipocyte differentiation. It is interesting to note that insulin 
resistance in muscle and fat is commonly associated with 
hyperSecretion of insulin in Subjects predisposed to the later 
development of type 2 diabetes. Alterations in calpain 
expression and/or calpain activity in diverse tissues may 
therefore represent a common unifying pathogenetic mecha 
nism for the development of type 2 diabetes that accounts for 
both insulin resistance and the resulting compensatory 
increase in insulin Secretion. 

EXAMPLE 9 

Long-term Effects of Calpain Inhibition on Beta 
Cell Function 

0530 Insulin secretory responses to glucose in islets that 
had been treated with calpain inhibitor 2 (ALLM) and 
E-64-d were measured. As shown in FIG. 14, 48 hours 
exposure to 100 uM of ALLM or 200 uM of E64-d attenu 
ated the insulin Secretory response to 20 mM glucose by 
approximately 50-60% relative to islets treated with 
vehicle. There was no significant difference in the basal 
insulin Secretion (at 2 mM glucose) between inhibitor- and 
control-treated islets. Also, the insulin content in islets 
treated for 48 hours with the two inhibitors were comparable 
to that in control islets (FIG. 15). In experiments performed 
to document the dose response relationship between calpain 
inhibitor II concentration and inhibition of insulin Secretion, 
inhibition was achieved with 25 uM of ALLM (FIG. 16). 
The long-term inhibitory effects of calpain inhibitors on 
glucose-induced insulin Secretion were also demonstrated in 
a dynamic perifusion system (FIG. 17). To confirm the 
viability of islets treated with the cysteine protease inhibi 
tors, we tested the reversibility of the inhibitory effect of 
ALLM and E-64-d on insulin Secretion. Islets were treated 
with 100 uM ALLM or 200 uM E-64-d for 48 h, and then 
cultured for a further 48 h either in the presence or absence 
of the inhibitors. In this set of experiments, glucose-induced 
insulin secretion (20 mM) was inhibited by more than 80% 
in islets treated with ALLM or E-64-d for 96 h. In contrast, 
those islets that had been allowed to recover for 2 days 
following 48-h treatment with the inhibitors exhibited an 
essentially normal insulin Secretory response to 20 mM 
glucose (FIG. 18). In conjunction with the normal insulin 
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contents in 48-hr treated islets, these data exclude the 
possibility of cell death or non-Specific toxic effects result 
ing from 48 h treatment with the cysteine protease inhibitors. 

0531. To further characterize the defect in glucose 
induced insulin Secretion, insulin Secretory responses to 
Secretagogues that enter the Signal transduction pathway at 
different levels were studied. As shown in FIG. 19, ALLM 
or E-64-d treated islets responded normally to glyceralde 
hyde. However the insulin-Secretory responses to keto 
isocaproic acid (KIC, a nutrient that Stimulates mitochon 
drial metabolism directly (FIG. 19)) were decreased. The 
insulin secretory response to 30 mM KC1, which directly 
depolarizes the B-cell membrane, was significantly reduced 
in E-64-d treated islets (FIG. 19). Insulin secretory 
responses to mastoparan, a G-protein activator known to be 
a potent Stimulator of Secretion, and carbachol, a muscarinic 
agonist that Stimulates insulin Secretion through activation 
of phospholipase C and release of intracellular Ca" stores, 
were attenuated in calpain-inhibitor treated islets were 
attenuated in islets that had been treated for 48 h with ALLM 
or E-64-d (FIG. 20). 
0532. Due to their lack of the specificity for calpain, 
(ALLM and E-64-d may also inhibit cathepsins and other 
proteases, such as those of proteasome), the effects of 
additional protease inhibitors on insulin Secretion were 
tested. AS listed in Table 8, treatment of mouse islets with 
100 uM of ALLN (calpain inhibitor I, is a small peptide 
inhibitor of calpain structurally similar to ALLM) for 48 h 
inhibited 20 mM glucose-stimulated insulin secretion by 
88+9% (P<0.001, N=4). A similar result was obtained with 
MDL28170 (another cell-permeable peptide calpain inhibi 
tor)–48 hr exposure to 50 uMMDL28170 inhibited insulin 
secretion by approximately 60% (P<0.05, N=4). Therefore, 
these two different calpain inhibitors were equally effective 
in blocking insulin secretion as ALLM and E-64d. In con 
trast, culturing islets with 100 uM Cathepsin B Inhibitor II 
(a small peptide, inhibitor of cathepsin B) or 20 uM Lacta 
cystin (a Streptomyces metabolite, which is a specific cell 
permeable, irreversible inhibitor of proteasome) for 48 h did 
not significantly affect either basal or glucose-stimulated 
insulin Secretion, indicating that inhibition of the activities 
of cathepsin B and proteasome are unlikely to be the cause 
of defective insulin Secretion associated with long term 
treatment of ALLM or E-64-d. 

TABLE 8 

Glucose-induced insulin secretion in islets treated with 
different protease inhibitors for 48 h. 

Insulin secretion 
% of control treated islets 

Inhibitors (uM) N 2 mM glucose 20 mM glucose 

ALL.M 1OO 5 136 - 25 31 - 4 
ALLN 1OO 3 1108 12 2 
MDL2817O 1OO 4 111 it 35 41 - 18 
Cath B. Inhibitor II 50 3 114 - 19 89 25 
Lactacystin 2O 3 88: 15 95 13 

0533. Insulin secretory responses to glucose and most 
other Secretagogues is mediated by a rise in intracellular free 
calcium (Call). We therefore measured Ca", responses 
to glucose, KIC and KCl using Fura-2 as the Ca" indicator. 

50 
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In comparison to the responses from the control islets, the 
most prominent abnormality in Ca2+ responses to glucose 
and KIC was a delay of the Ca2+ responses (FIG.21). The 
mean time interval between administration of 14 mM glu 
cose and the point of half maximal response (T.) was 
120+14 seconds in control islets. The T of Cat", 
responses to glucose in ALLM and E-64-d treated islets 
were significantly delayed to 319-42 and 265-65 sec. 
respectively (P<0.001 for both groups, n=5). The Cat", 
responses to KIC in ALLM and E-64-d treated islets were 
also delayed (251+42 and 330+7 seconds respectively) 
compared to control islets (125+9, P-0.001 for each group). 
In addition to the delay in Cal responses to the two 
nutrients, the integrated Cal, responses in the inhibitor 
treated islets, calculated as the area under the curves of the 
Cal, responses, were significantly Smaller than that of the 
control islets (FIG.21). The diminished Cal response to 
glucose in ALLM and E-64-d treated islets was also docu 
mented in ramp experiments in which a gradually increasing 
level of glucose (from 2 to 26 mM) over 48 mins was applied 
to islets while changes in Cal were monitored. The 
Ca2+ responses to 30 mM KCl were not different between 
control and ALLM or E-64-d treated islets. There was no 
delay in the appearance of Ca", response to KCl, nor was 
the magnitude of the response reduced. 
0534) The attenuated insulin secretory and Cal, 
responses to glucose and KIC Suggests a possible defect in 
glucose metabolism, more specifically in mitochondrial 
metabolism. Therefore glucose metabolism in islets that had 
been treated with ALLM and E-64-d for 48 h was measured. 
AS depicted in FIG. 22, no significant changes were 
observed in rate of basal glucose utilization and oxidation at 
3.3 mM glucose in islets treated with either inhibitor. 
However, the rates of glycolysis and glucose oxidation at 
Stimulating concentrations of glucose were significantly 
reduced in ALLM or E-64-d treated islets compared to the 
controls. This is again distinct from the acute treatment, 
where rates of glucose utilization and oxidation were not 
changed by the 4-h treatment with the inhibitors. 
0535. As an additional measurement of glucose metabo 
lism, we monitored NAD(P)H autofluorescence changes in 
responses to glucose and KIC. NAD(P)H responses to 
glucose were comparable in control and treated islets, 
whereas the responses to KIC in ALLM or E-64-d treated 
islets were Significantly reduced in comparison with control 
islets (FIG. 23). Unlike the Cal responses, there was no 
significant delay in the onset of NAD(P)H responses to 
glucose and KIC. 
0536. In a previous work, we have demonstrated that in 
a short-term incubation condition, ALLM and E-64-d 
enhanced insulin Secretion via a direct activation of the 
exocytosis of insulin. After 4 days culture with the same two 
calpain inhibitors, significantly lower rates of exocytosis in 
f-cells were demonstrated (FIG. 24). Moreover, signifi 
cantly enlarged vesicles were observed in ALLM and E-64-d 
treated f-cells stained with 1 uM quinacrin (FIG. 25). 
Quinacrin is a dye specifically partitioned to acidic vesicles. 
Using confocal microscopy, control treated B-cell were 
found to contain a large number of vesicles of around 100 
micrometer in size (FIG. 25). In ALLM and E-64-d-treated 
(48 h) cells, the size of those quinacrin-stained vesicles was 
increased more than 3-fold (FIG. 25). Together with the 
capacitance measurement and insulin Secretion assay, these 
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data indicate that long-term inhibition of cysteine proteases 
have a direct impact on the exocytotic machinery of the 
B-cells. 
0537 Following 48 h treatment with 100 uM ALLM or 
200 uM E-64-d, the residual calpain activity in intact islets, 
determined by monitoring the cleavage of a Specific fluo 
rogenic substrate, was 54+3% and 55+4% of control treated 
islets (FIG. 26). 

EXAMPLE 10 

Use of Animal Models to Deduce the Mechanisms 
Causing Impairment of Insulin Function in Persons 

Having the GG Phenotype 

0538 Transgenic models will be created in mice in which 
calpain proteases and particularly calpain 10 containing the 
variant GG at UCSNP-43 will be overexpressed in tissues 
relevant to diabetes (muscle, liver and the pancreatic beta 
cell). Experiments will be performed to determine if this 
targeted tissue overexpression of calpains results in dysfunc 
tion of the target tissue, e.g., reduced glucose induced insulin 
Secretion, insulin resistance, increased hepatic glucose pro 
duction. Embryonic Stem cell technology will be used to 
eliminate Specific forms of the calpains either in the whole 
animal or in the Specific tissues listed above. Physiological 
Studies in the animals will characterize alterations that occur 
in each of these target tissues resulting from a lack of calpain 
expression. 

0539. In addition, experiments will be performed to 
determine if altered calpain expression and/or action is 
playing a role in the pathophysiology of existing models of 
type 2 diabetes, i.e., the ob/ob mouse, the db/db mouse and 
the ZDF rat (Baetens et al., 1978, Coleman, 1979, and 
Friedman et al., 1991). 

EXAMPLE 11 

Use of Calpain Inhibitors in Animals and Humans 
to Treat Diabetes 

0540. The present example describes methods of treating 
diabetes by modulating the function of one or more calpains 
in at least one of a B-cell, muscle cell, or fat cell with a 
modulator of calpain function. A prefered embodiment 
would be a method of treating diabetes comprising Stimu 
lating calpain activity in a fat call or muscle cell with a 
modulator of calpain function and inhibiting calpain activity 
in a B-cell with a modulator of calpain function. 
0541 Calpain modulators, such as those described in this 
application, can be administered to animals models of dia 
betes, including the existing models of type 2 diabetes, i.e., 
the ob/ob mouse, the db/db mouse and the ZDF rat (Baetens 
et al., 1978, Coleman, 1979, and Friedman et al., 1991). 
These modulators can also be administered to transgenic 
animals, Such as those described in Example 9. These 
modulators can be formulated and administered by any of 
the means described in this application to better deliniate 
optimal dosages, routes of delivery, formulations and So on. 
Physiological Studies in the animals will characterize effects 
of the calpain modulators on varios parameters, including 
measurements of glucose induced insulin Secretion, insulin 
resistance, and hepatic glucose production. Modulators that 
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have anti-diabetic effects in these animal models are candi 
dates for further animal experimentation and eventual 
human clinical trials. 

0542. As experimental animal models and other systems 
are developed for testing calpain modulators, novel modu 
lators with improved bioactivity can be developed. 
Improved bioactivity may be defined as optimizing half-life 
in Vivo, preference for target cells, especially B-cells, muscle 
or fat, reduced side effects Such as toxicity and immunoge 
nicity, or any other measure of improved efficacy. These 
novel modulators can be developed by any means, including 
but not limited to, combinatorial libraries, random mutagen 
esis or modifications, and rational drug designs. 
0543 Lead compounds having calpain modulating activ 
ity and efficacy in animal diabetic models are candidiate 
compounds for human clinical trials. Human clinical trials 
will necesitate further definition of optimal dosage, formu 
lation and administration route. Human trials will further 
evaluate bioactivity, drug half-life, tissue Specificity, toxicity 
and immunogenicity. Human trials will also define patient 
indications for treatment with calpain inhibitors as well as 
define combination therapies of calpain modulators with 
existing or new drugs aimed at treating diabetes. 
0544 All of the compositions and methods disclosed and 
claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been 
described in terms of preferred embodiments, it will be 
apparent to those of skill in the art that variations may be 
applied to the compositions and methods and in the Steps or 
in the Sequence of Steps of the method described herein 
without departing from the concept, Spirit and Scope of the 
invention. More specifically, it will be apparent that certain 
agents which are both chemically and physiologically 
related may be Substituted for the agents described herein 
while the same or similar results would be achieved. All 
Such similar Substitutes and modifications apparent to those 
skilled in the art are deemed to be within the Spirit, Scope and 
concept of the invention as defined by the appended claims. 
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aaatctgaaa agctotatta ggtggcaaac togctgtcact tgaggaggca 

aggcc cc citt citcct coccit gcctgaccgc ctitcattcct gg gaatggaa 

gaatcct cqa gcaggtocca ggat cactat cotcaccitcc gggcaagggit 

gaatggctat agctotaaat gtgcgtocac ggggtoactg. tccago cacc 

gcc togc.cat citggggaatc ggaaaacgct citctggccac Cagcgggatg 

citcagttaag atgtagagcg ttcaaccitaa aatgccitaga aacaaag.ccc 

aggtogaacg agtgcgacgc cqctoccitca agct citt.ccc toggag cogit 

aaaactc.cca aacacatcac agaga gaggt gttgagc.cag gtgg to actic 

aac cacagoa agaagttgag cotgctgggc toctaac gala ggCCCtgggg 

tgaaaag.ccc tattaggtag caaacagot g to actagagg ggttgaggcc 

citgcctgacg acgacgg.cgg caggaacto g accq go.gc.cg gacagotc.gc 

accaag.cgta aatctoggtt cotcc caact acco goggcc acggcc toc g 

CCggaag cag aga.cgcgttt cqggaggaag gtgcatgct g g gag.cggcgg 

gagct gtagt citgcgacgca actoggcc.ga ggtggcticcic togtoc ctda 

gcc.cgc.gtgt to aggcgg to cogacacco c to accq gotg ggc.ccgagcC 
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taaaatggcc 60 

agaagagttg 120 

caggttcttg 18O 
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citcc cctogcc 360 

aggc.ccggga 420 

citcatttic.co. 480 

ccttittccag 540 
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-continued 

gtgatggaga ggagaatagg citagtgttga catataccca ggaa.gcaaaa ccattggggc 21540 

atggtgctta atgcttgatt goattgatca catagatgac tatgaggagg actgacatat 21600 

ttcaatctat gaacgtggta tacco atcca tttacittatt tittaatttitt taaaaattitt 21660 

tttitttittitt gagacaggat citcactctgt ttgtc.caggc tigaagtc.cag togcaggatt 21720 

tdagctcact gcagoctoaa cctoctaggc ticaggtgatt citcccaccitt agcctcc cg a 21780 

gtagctggga citacaag cac agatcaccac acctggctaa ttttittgcat titttgtttitt 21840 

tagtagaaac agg gtttcgc tatgttgc.cc aggctagtot caaacgcct g g acto caa.ca 21900 

atccacccac cittggcctico C ggagtgctg gattataggc tiggggcc act gtgct galacc 2 1960 

citgtccattt atttggatct tctittaattt citcccagdaa tattittgaac ttcaag cata 22020 

cgttitcccac ttgttgcctag gtactttgtt titccaatgct totaaatggit attgttatctt 22080 

tagttittatt titccaattgt tttittgctag tatatagaag to cattttitt ggtatattaa 22140 

tottgttatcc totaaccttg ataatgcatt tattagttca tagtgtttitt tacttcttitt 22200 

gttcttittct g gtaaatgcc ttaggattitt citttittctoc cqactcc ccg cctitcctcct 22260 

cittctttittc ttctgccitta ggattittctt tittcttctitt citccitcc titc. tctitccitcct 22320 

ccitccitccitc citcttcttitc titctittctitc titcttcttct cittctttgtt tittaaattga 22380 

gacaggggct cactctgttg cccaggctgg agtacagtga tigcaatctta act cact gta 22440 

gtotcaaact cotgggctca agtgatccitc ccaccitcago titcccaagta gccaggacta 22500 

caggtotgca coatcatgcc tdgctaattt ttatatgttt totagagatt g g g tottgct 22560 

atgttgctcg gg.ctggtott gaacticcitat cittcaag.cga tottctoact tcagoctocc 22620 

cacatgttgg gattacaggc citgagctact gtgccaagct gaattittcta catgcatgat 22680 

tatgtcacat gtgaccatag gitaattittac ttctitccttt totatotgct tttittcc ctt 22740 

gccttattitc citctggctgg gacctccaat accgtttitta atagaaatgt gag agccact 22800 

togtttgttt citgagtatag tdagaaagtt tdgtotttta coattgccoa gcttgaagtt 22860 

toctatagitt tatctatagg tdatctittat cacgttgagg aagttctott citctttctag 22920 

tittgcc.gaga gtttctotca ttcatggatg ttgcattttgtcaaatattt ttctgcatcc 22980 

attgagataa atatatacat tttaccattt attctattaa ttgatgttct aatgctaaaa 23040 

taaaccttitt atttcttgca tacttitttca to atgtgtta tttgtttitat atattgctgg 23100 

atttgatttg citaatattitt attaaggatt titatgtctat gtttatgcat gatattggcc 23160 

tgtagtttitc titttcttgta atatotttgt coagttittgg tacagggitaa aacttgactt 23 220 

agaaaatgag citggccagtg tittctoctitt tttctgatgt ggittaagatt g g tattattt 23280 

tattottaag tatttgatgg aattcatcag taacaccatc tdggtgaggit attittctittg 23340 

tagaaag.gct tcaaattatg aattcaacaa citttaataga tataagcttg ttacattitta 23400 

tttittcttgt gtaaattittg gcaagttgttg actittcagta gatgtttittc catttcatca 23460 

agatgtcaaa totaattitca to atgttctt actaatatto ttgtattatt cittctgatgt 23520 

citgtag g g to tigaagg gatg totcatctitt tattoctdat attagtaatt tdtggattitt 23580 

ttittctittga toaatctago cagagcttitc. tcaatttittt tttcttittcaaataaccaat 23640 

citccatttta ttgattittcg tttittittctg. citagtacatc aaattittcac totttctitat 23700 

ttcttctgct tacttgggitt toattttgtt cittggtgttg ttgttittcta gattotoaaa 23760 
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gtggaatctt aggtaatgat tittag accitt tottcttitcc taacatgaac act gagagct 23820 

acagattittc citctaag cat cacactaacc titatctoaca aag accggaa agttgcattt 23880 

ttatcatcac ttagttcaaa gitattittctt atgtctocitt gattacttct ttgatcc ctg. 23940 

agittatttaa atgtgttgct taattittcaa atatttgggc attctttgttg tdtcttatac 24000 

cittgttgcta ttgatttcta attaagctct gttgtagitta gagaacatat tctgtataac 24060 

ttaaatctitt ttaattittat g gaggcttaa tittatggcct agcagatgga citattittgga 24 120 

aaatgttcaa totgcaccitg aaaagaatat atattotgct gttgttgggc atagtgttct 241.80 

ataaac atca gtttggataa gatgattggt gttgcto agg gctatoatat tottactaat 24240 

ttittggttta cittgttctgt gagttact ga gatgagggtg tdataataac cqatcacaat 24.300 

catgaatttgtctgtttatc ctittcagttctatoagctitc ctitcatttitt tdgattottt 24360 

gtaattaggit acatacacat ttagaattgt tagatattot tagatgaattg accottttitt 24420 

catatgaaat atccttttitt tttittittgag atggagtcto gotctgtcaa ccaggctaga 24.480 

gtgcagtggc gcaatctoag citcactgcaa cct cogc citc citgggttcaa gtgattcto c 24540 

tgccitcagcc toctagtag citgggattac aggtgcc cac cactg.cgc.ct ggctaattitt 24 600 

tgtatttitta gtagagacgg ggttt cacca tottggc.cag gCtggtotca agctoctoac 24 660 

cittgttggtot gcc cacctica gccitc.ccaaa gtgctgggat tacaggcgtg agcca acacg 24.720 

citggtocgtg aaatgtc.cct ttttittattt to caatatto cotatactaa agtctactitt 24780 

gatgttaata tttittattoc tactittctta taattaatgc titgcattitta taaatttitt c 24840 

cattcttitta cattgtttitc attcttttac ttittaactitt tatttatatt taaagtatat 24900 

atcatatoag goagacagoa tattgtcatt tottgctttc tttitccccta agacgaagag 24960 

totcctgtca citcagoctog aatacagtgg taccatcagg gct cact go a gccitcaaact 25 020 

cctagattca agcaatccitc ccatctoagc citcccaagta gctaggacta cagg catgttg 25080 

gcaccacacg tdgctaagtt tittaacttitt ttttittcttt ttittgagaca gitottggtot 25 140 

gtogcc cagg citggagtgca gtggcgtgat citccacticac ttcaagctoc goctoccggg 25200 

ttcacgc.cat totcct gcct c ggccitcc.cg agtagctggg act acaggcg ccc.gc.cacca 25260 

caccc.ggcta atttittttitt ttagtagaga cqgggtttca citgtgctago caggacgg to 25320 

togatctoct caccitcatga toc goccgcc toggcctccc agtc.cctagt cotttittaaa 25380 

aaatgttitta ataagatgtt gagtagatct aaatgaacac caatgcaccc accgtgaaag 25440 

tgaaggaaca gaacttaaga tigatctttga gg.ccc.ccttg cactittgc.cc tdaaa.catcc 25500 

ttctg.ccaat gtc.ccagaag taaccacaaa gocactitcct cqtgttggcct coatgacaca 25560 

cgccitccttg ttittgctoct tcgctggcct citcctittcat citctactgtc. citgcatttgg 25 620 

gtocctaaaa tattggggct cotcagggitt taggtoctagga citctitcctgt cocatc.gcac 25680 

gttctgcatc. cacagactac cittgttcc.ca ttcattcaac agtcacccdt citgcc ctitca 25740 

cc cctagagc cagotccago cocggacact gcc ct gagct citggaccitcg taaagaaatg 25800 

totaccaggt atctoctott g gatgcctca gaag cactitt aaatgcaact tdtccaaaac 25860 

tgaccacatc atccagocct titcatcactc cccaaactaa tottccttcaaagttcto cat 25920 

citcagagagt g gttccitctt gttacccagg ccacatatgt cagtgtcatt ttggaatctt 25.980 

totccc.ccca titcctoctac atccaatcaa toataaataa gttaaatatg catatoataa 26040 
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acco tattgc agctaatgaa atgataaaac aaggaagitat aatagtctag aagagataag 26100 

tgaaatacaa aatagt caac taatccaaaa gaagg cagaa aaagaggagg gaaaatgagt 26160 

acaaagaa.ca gaggagatga ataggaaa.ca aatagoagat gg taggttca aacco aacca 26220 

tatcaiaccat tacattaaat gtgactgagg taaacaatcc agittaaaaga caaagacitat 26280 

tggc.caggca cqgtgtctica tocct gtaac cccagaactt totgaggcc g aggtgggtgg 26340 

atcatttggg gtcaggagtt cqagaccago citaac caa.ca tagggaaatc cccatctota 26400 

citaaaactac cqaaaaaaaa caaaaacaaa aacaaacaaa caaaaaaa.ca cagotggg.cg 26460 

tagtgg cacg caccitgtaat cocagotact caggaggctg agg catgaga atc acttgaa 26520 

cctgggaagt ggaggttgta gtgag cagag titcatgccac tocacactag cct gggtgac 26580 

acagtgagac titcatctoaa aaaaacaaaa agacaggcc.g. g.gtgcagtgg citcatgcct g 26 640 

taacco cago actittggg to gotgagacag gCagatcacg agg to aggag atcaagacca 26700 

to citggctaa cacagtgaag ccc catctot actaaaaaaa aaaaaattaa ccggg.cgtgg 26760 

tggcggg.cgc ctdtag to ca gctactcggg aggct gaggc aggagaatca cqtgaaccag 26820 

ggaggtggag gttgcagtga gtggagat.ca ggccactgca citccaa.gc.ct ggg.cgacaga 26880 

ccaagacitct gtc.tcaaaaa aaaaaaaaaa aaaaagg act agggacittac to acttggcc 26940 

aaaggctgct ggtgggtgcg toggaggtgct gcc tdtcago totgctotgg gctictaggga 27000 

catgggagtc. caaagggcto tcaccitcc to agtgagaggit totggtgggc tigaccatggt 27060 

gggatccaga titt cago agg togg accocga gggggtotga ggaaatggac totgtgagtg 27 120 

ggaacttcto tttcagagga atttgcaaga citggcct gag cc.gcacacgg citcttcago a 271.80 

gggcttggca gcc agcgggg cct cqggagg aggcaaacag citgatcaaat cogggcttct 27240 

Ccagaggaag aaggggaagg gCaggtotgg ggaggtoaga gcqtgggtga galaccgtggC 27300 

catgggtggg atccacatcc cagoctocag ggcct cotgg to atggttct coaga attct 27360 

gcqattggag citgtgctcac agagt cactg. tcc cc gacct cocagggg.cg cqgacataac 27 420 

ccagoctoag citgcagacag cagagacticit gcacaactgc agaagct gag caatcagoct 27480 

catcagtggc aatticcitgga acticcaacct caact gtaac atgagctgtg gcagaccitt c 275 40 

agta accoca gac gaggagt gaggcagagc ctdatagotc agg gaccago toggatgctic 27 600 

agtaaacaag agctccagaa gatacgcgga acaggagaag gtgaagtgttg g g g acagoag 27660 

gcqctgcagg ccacccagaa gaggaggag aggggacaag aaa.cactgac caggcct tca 27720 

agatgaggag tdag cagaga ggacagoaga acatgggaaa accitacctgg cactato agg 27780 

gtggagaggg gagtgttgga gggtgtgcat ttgagtgcaa gtgttgtaaaa gaggc.cc togg 27840 

acaaggagtg aagaatctoa toagatggitt aaagtgaggg agcaccalagt aaaccataat 27900 

gaaccataag toatgttggac cocaaccota atgctaatca taaacctaaa cctogtgtgg 27960 

cctggaacco taacctgaac coaaatccita accataacco taaccataac cataaatcat 28020 

gtgg actoca accotaatgc taaccataac cctaaaattic agg cagaacc gaacctaact 28080 

cgaaccoaaa ccctaacgaa aactctaacc ctaaccotaa citcaattcaa accittaacco 28140 

taaacctaac cataacacta acticcaccct attcc.gaacc ttaaagctaa ttaacaatgc 28200 

citcatatgga ccc.gaaccot aaccotaacc gaaaccotaa citctaaccot aaccotaact 28260 

caa.cccaaac cittaa.cccita accatalacac talacticcaac tacalaccata accoctaacca 2832O 



US 2002/O150896 A1 Oct. 17, 2002 
68 

-continued 

aaactictaac cottaa.cccita acticaa.ccca aacct taccc citalaccatala cacta actic c 28380 

aacaaccata accota accg aaactictaac cctaaccota actica accoa aacctta acc 28440 

ctaaccataa caccaactac aaccotaacc atatocc gag coctaaacct aattaacaat 28500 

gcctcatgtg gg.ccctaacg citaaccotaa ccatgccitca tatgg accog aaccota acc 28560 

cctaatticca accota acco taagcctaac cctaacacta accotag coa aaaccotag c 28 620 

actaaccota acticcaacco aaaccotaat cotaagttcto atgttgacca taacctggct 28680 

caaaccotaa cct gaaccot aaccotaagc cittgtattga ccacagoctg gctctaacco 28740 

taaccotgac totagtccitc act gtaattic tacctctago cittaatticta accotaactic 28800 

caatcctaac cotaatccaa atgcaccotc tdatc.gcaaa caacticttca gccaatgtca 28.860 

gaccitcacct taaccqtcac cittcacgatc accattccag ttctoccittc agactitccca 28920 

ggg acttgag cca.go.ccctg. gcc.cccaggc cittggtttcc ccaccitgtgc agcatggatt 28.980 

tggggctgag ggtacaaaga citggcaccca cct gag.ccgt toggaacaggc citgcc cctog 29040 

tocc gaggag gacitctgcto tcc.cggttct coccittgccc atgtggalagg gggct catcc 29.100 

ccc.ca.gcatg g g togct tcct gcctggtgtc. catctotgtg tdagttcctt tagg gagggia 29160 

cc.ggg taggc gcagttggca togcaccgcc atgcc cctogg citcgggctta toc gggctda 29220 

cagticcitgtc. cctocaccca gaggc.cccitc caatgatgta gcttatcaga gtgttgttgttgt 29280 

atgttgcacat gtgcatgttgt gitatgttgta tatgtatata totatgtatg tatatgtagt 29340 

atctatatat atgtgitatgt gtatatatgt atatatgtgt gcatatatat gcatttgtgt 29.400 

gtgcttgttgt gitatgcatgt titatgtgttgt atttgtatat gitatctatot gtgtttatat 29 460 

gcqagtgtgc atgtgtgitat gcagtgcttg tdtgatgtgt citgtttittat gtgttgtgcat 29520 

gtgtatagta tatgttgcatg tatgtatgtt tacatgttgtc. tatgttgttgta totatatgcc 29580 

tgtgcttgtg totgtgtgtg totacacata cacgtggaca ggc gagggag aagct gtatt 296.40 

gcaccaccac ccaggcc.citt gag.cccaag tdcagtc.tcc ccagggcto a cqaggcc cca. 297.00 

gcacgctgcc citcctgctca gatggtg.ccc aaaag.cccct td.ccgagtcc totctaagcc 29760 

tdatgtag ac cogtgagtcc cittctocqtc tatttcc cct gcctgttgatg cittagg gatc 29820 

gttcatttca gggccagtga ggaaaccoca tottctocto cactg.ccgtg gagittaaagg 29880 

agaaggccac alacacacticc cacgttittct acagacitagc agtggggtgt ttggccacct 29940 

ttggittittga ccttittattt tdgaaatgtt cag actgaaa taag cagaag totaataacc 30000 

ccttgttgccc atcaccccac ctittggcaag agccaaagag toacaactga ttgttgcttca 30 060 

ccacactcca totatgggct caaaatgttt tdagataagt gccagacatc atatoctitct 30 120 

atctacaaaa aatgccacat gaataaaaga taagg acttt taaaaacaca toaccacagt 30 180 

aag cattatc acatctagoc aagaaatgaa cctitt cotta attgcaacaa acaggagitta 30240 

acttittacat tittctotact tctacaattt tittagagaac agtaaggtag actittatto a 30300 

acggaggcta ccacaatgga gttittgcago agggaaggga gatgaggctic aattic coacc 30360 

ttatacgttt ttaaaaagag cittatttggit toga attggat citgaggagtic togctgcagg 30420 

ccaaaatcct citgtgttgatc attcaggc.cc aaccqcagtt gttgc.cago a ggc.cccacag 30480 

gagaagicago cotcctg.ccc cagacggcac tittccaccot tag cotcctc. cacggttccc 30540 

caggccagat cottttgttt gag cottctg tittc.gc.ctgc titggtag to a gatcatctoc 30600 
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ccatctgcct gatgtcatcc agggggcaaa aatgggacgt agaggagcc g g caccitttitt 30 660 

ccttctgttt gccitcttgcc td cactattg cagtcgtgaa tacaggcct g agggtgacct 30720 

to cattgggc ticgtggtocc aacct cqaca gcagtgactic cacaggatgc atacgagg to 30780 

ccc.gc.ggtoc cqgcc.gacat acctgttggg ttcttagttg goagctitcct cotcc.gtcto 30840 

totattocco toctaggtot cittgccctgt gcagottcct gcag actgga cittgcaaagt 30900 

ccag cotgta taggctggagt toccatgcct gccaatctoc tdtcg actgc gag to agctc. 30960 

cgatactitca coagattcag gtgag agttt taggittttittg acaagcc cac titcatcagoa 31020 

ggg catgcat ttctgccagg g g gct catga tatctggtgg totcitttgttg aggccagoag 31080 

ccaccalatga toacgaatgt ggcaggaagc tigccaa.gaga ccc.cccagt g g g to attcct 311 40 

gcctcctgct gtcatgcaat toccitcctga agg gtggctg gacittactica cittataacaa 31200 

acaatacagt aaaaaaaaaa aaaaaaaaaa aaagtgatgt gttgtc.tctt cogtgattag 31260 

gttgaaagag accatgg cat citgtc.ttgga tigcatactct citctogctgg citctggggta 31320 

gccagatgcc atgctgtgtg citgcc ctdtg aagaggcato go cagtaagg aactgaggg c 31380 

aggaac cagg gaagatttgg g g to citcagg ccagotgccc attgg gaatgaaactictacc 31440 

aacago cacc togggggagct ggaagtgaat citcatcttag citgagccittctgatgag act 31500 

gcago.cccag citgacaccitg gattgcagac to atgaaaga cct gaaactic taccalacago 31560 

caccitggggg agctggaagt gaatctocto gtagctdagc cittctgatga gactgcago c 31 620 

cc.ggctgaca cct ggattgc agacticatga aag acctgaa actictaccala cagocacct g 31 680 

ggggagctgg aagtgaatct cotcgtagct gagccittctg atgag actgc agcc.ccggct 31740 

gacaccitgga ttgcagacitc atgaaag acc ctdag cagag gacco agttt go cagagcc c 31800 

gaatticcitga cccacaggaa citgggagata aaactctgtg gttittaatct tctoattitta 31860 

gaggtaattt ttttgttgtag caataggtag citgacaatgc acagotaaaa taatagataa 31920 

ttaaccotaa tactagtttc attcatccat cagggitttgc aaagtag to a tattotactt 31980 

citgtctitcct tcattattta ttagcagaaa totatotata aaaagaagtig titccttcatt 32040 

aact citttgg to atgttgag gtacagtttg cataggaaag goagggcaaa togcttgattic 32100 

tittccctitcc tittcctcatt tataaaataa tdaactgttt toctago atc tittcaacaat 32160 

gactaatgag tttittaaagt ataattacaa gttcatgagt ttaaacattt tittgatgttc. 32220 

ccattaac at tattatccitt attgatatto agatctitcct gtctttgtcc agtgccagoc 32280 

tatttgattit aactcctgag cccctittggc actg.cccitaa taatctittga cag ctactitt 32340 

gttctotggc ataagaagac attccaga at tacattagac attitcctaac ccagattgga 32400 

cagdatacac ttctotccaa gag coccitct tccitcttcaa gagaaatggit acttagagac 32460 

cacagtctgg gtgttaggtg togcttgttggit tactggattt gtcgtcattt ttaggccittg 32520 

toagtggaca galactaaggc tittttitttitt gaaag acaca ttatgagtac aaatggatac 32580 

tittctattta aattcggatt tacatagittt ttacttaatc ttattgataa tatatotgca 32640 

totcctittct cocacaccaa aaatctoaaa caatacccaa catagittatt catttgttitt 32700 

atcctgtaac acacacaata ttittcaaaat gactittacca acactaccat caacagtata 32760 

taaccactga aaatagittta aaattattitt tagatactitt taaagttcctt g g gttgttgtc. 32820 

gacgtacaga caaaacagtg ttittaaaatt atttggaaaa tdattacitta aaataatgaa 32880 


























































































