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. OVERVIEW
A INTRODUCTION

This study will establish the Type 1 Diabetes Genetics Consortium (T1DGC). The goal
of the Consortium is to organize international efforts to identify genes that determine an
individual’s risk of type 1 diabetes. Progress towards this goal, worldwide, has been limited by a
lack of sufficient clinical and genetic resources. The power of larger collections of families to
map type 1 diabetes genes has been demonstrated in a pilot study. The creation of a resource
base of well-characterized families from multiple ethnic groups will facilitate the localization
and characterization of type 1 diabetes genes that determine disease risk. Statistical genetic
analyses will be performed on appropriately powered data sets to identify regions linked to type
1 diabetes and determine how these linked regions act and potentially interact. Building upon
these Consortium resources, members and collaborators of the Consortium will undertake
positional cloning to identify individual genes that determine susceptibility or protection.

Previously, the search for common, complex disease genes (including those that
contribute to type 1 diabetes susceptibility) has been limited by inadequate family sample size
(insufficient power) to detect genes of modest statistical effects, but important biological
significance, using linkage approaches. In type 1 diabetes, the HLA region is well established as
containing the major determinant(s) of susceptibility. Based upon current analyses of completed
genome screens, non-HLA region genes may individually contribute relatively smaller
increments in genetic risk. For example, the insulin promoter polymorphism, the only other
generally accepted genetic contributor to type 1 diabetes risk has an odds ratio (OR) ~ 3 but an
estimated sibling genetic risk ratio (As) of only 1.12. Other locus-specific effects, excluding
HLA, range from 1.05-1.3. Power analyses suggest that ~4,300 affected sib-pair families will be
required to achieve 80% power to detect a linkage with p < 2.2 x 107 at these levels of risk.

B. BACKGROUND AND SIGNIFICANCE

Type 1 diabetes is characterized by autoimmune destruction of the pancreatic B cells. As
a result, there is a complete dependence upon exogenous insulin in order to regulate blood
glucose levels. Type 1 diabetes is the third most prevalent chronic disease of childhood,
affecting 0.3% of the general population by age 20 years and a lifetime risk of nearly 1% (1). It
is estimated that approximately 1.4 million persons in the U.S. (10-20 million people worldwide)
have type 1 diabetes (2-3). In most cases, a pre-clinical period marked by the presence of
autoantibodies to pancreatic B-cell antigens (GADgs, insulin or 1A-2;.) precedes the onset of
hyperglycemia. This pre-clinical period provides a theoretical opportunity for prevention in
those recognized as “susceptible.”

The etiology of type 1 diabetes is unknown, but it is recognized to be due to both genetic
and environmental determinants (4). Although type 1 diabetes is responsible for a major
reduction in quality of life for those with the disease, the increase in morbidity and mortality
resulting from type 1 diabetes is the result of the subsequent complications. Individuals with
type 1 diabetes are at great risk of disease in the small vessels that lead to nephropathy,
retinopathy and neuropathy. Although the onset of these complications may be delayed by
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improved glucose control, there is mounting evidence that risk of the complications of type 1
diabetes may also be mediated in part by genetic factors (5). While deterioration of the small
vessels due to type 1 diabetes may result in kidney failure, blindness and amputation, much of
the mortality of type 1 diabetes is due to its effect on large vessels (6). Type 1 diabetes has been
recognized as a consistent, independent risk factor for disease of the coronary arteries (e.g., heart
attack) and cerebral arteries (e.g., stroke). Thus, knowledge of the genetic basis for type 1
diabetes will allow targeted studies to be performed on an epidemiologic basis to determine those
factors that initiate the autoimmune cascade in genetically susceptible individuals. In this
manner, appropriate interventions can be developed to block the autoimmune process from
beginning or progressing and, in effect, lead to disease prevention.

C. GENETIC BASIS OF TYPE 1 DIABETES

The genetic basis of type 1 diabetes is complex and likely to be due to genes of both large
and small effect. There have been numerous studies investigating genetic susceptibility loci,
using both case-control and family study designs. Early studies of disease concordance using
twin designs reported higher monozygotic (MZ) than dizygotic (DZ) rates, with MZ rates
approaching 50% (7-8). These early studies were likely biased; however, as recruitment of the
twins was through advertisement and solicitation, so that affected concordant pairs were more
likely to participate than discordant pairs. Population-based twin studies confirmed the increased
concordance in MZ pairs, but with the concordance of 30%-40%, and the concordance in DZ
pairs only 5%-10% (9-10). Based upon the results of twin studies, susceptibility to type 1
diabetes is determined by genetic risk factors, but less than 50% of the risk is due to the effects
of genes. Studies of first and second-degree relatives also support familial aggregation of type 1
diabetes (11-13).

1. The Human Major Histocompatibility Complex (MHC) and Type 1 Diabetes

The statistical association between human leukocyte antigen (HLA) B15 and diabetes
was first shown by Nerup and colleagues (14), who also were the first to demonstrate that the
association between HLA (B8 and B15) and diabetes was specifically with type 1 diabetes.
Based upon a number of studies that took place in Caucasian populations, the HLA association
with type 1 diabetes was rapidly confirmed (15-17). Continued examination of the region
containing HLA genes identified extensive genetic complexity, with multiple genes in linkage
disequilibrium clustered in a narrow (~ 6 Mb) physical region. The original association between
type 1 diabetes and HLA was expanded to include the A1-B8 and A2-B15 (class I) haplotypes,
suggesting that multiple HLA determinants could contribute to type 1 diabetes susceptibility. An
alternative explanation was that there were genes in the region (not HLA itself) that contributed
to susceptibility. Further research by the Copenhagen group (18) identified alleles of the DR
locus (class II), specifically DR3 (A1-B8-DR3) and DR4 (A2-B15-DR4). From this
background, much of the remaining twenty years of research has focused on the role of the HLA
complex in type 1 diabetes risk. The primary findings during this period are (a) HLA is not the
only type 1 diabetes genetic risk factor; (b) both HLA class I and class II loci are important
factors; and (c) HLA class II loci (DR, DQ, DP) appear to be stronger contributors to type 1
diabetes risk than class I (A, B, C) loci (19-23).
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Two loci in the HLA class II complex (HLA-DRB1 and HLA-DRQI) have been shown
to represent the major determinants of this region, although other class II (HLA-DPB1) and class
I (HLA-A, HLA-B and others) loci may contribute to susceptibility (21-22). It has been
suggested that genes in the HLA region may contribute up to 50% of the total genetic risk for
type 1 diabetes, although the effect of HLA may be more than simple increase of risk (20, 24).
While there may be multiple genes that contribute to risk of type 1 diabetes, the HLA region
(IDDM1), including the HLA-DR and DQ genes, is the only major genetic determinant.
Although published linkage studies may be under-powered to detect effects such as INS/IDDM2
(with OR ~3 and As ~ 1.12), nearly all studies have at least 99% power to detect HLA/IDDM1
effects (with As ~ 3). Nearly 95% of type 1 diabetics has either the DRB1*03, DQB1*0201 or
the DRB1*04, DQB1*0302 haplotype. While the heterozygote (DRB1*0301, DQB1*0201/
DRB1*04, DQB1*0302) is present in only 2% of the general population, it is occurs in 30-40%
of type 1 diabetic patients in most, but not all, populations (25-26). Even though the role of
HLA has been suggested since 1975 and much effort has been spent in dissecting the complexity
of the HLA region, much remains to be learned about the manner in which HLA contributes to
risk and its interaction with other risk loci. The cost and logistics of a large-scale HLA typing
have hampered such studies. In the TIDGC, we propose to HLA genotype all family members
who undergo the genome screen to allow for complete use of these important genetic data in all
analyses. The Consortium will then facilitate the identification of the non-class II loci using
single nucleotide polymorphism (SNP) association analyses conditional on DR/DQ/DP
genotype.

It has been shown that studies of disease-associated haplotypes in diverse (African or
Asian) or isolated (Sardinia or Finland) populations can aid in fine mapping disease variants
from the “trans-racial” comparison of haplotypes that are associated and not associated with
disease (27-29). This approach has been pioneered in the study of HLA and type 1 diabetes.
The presence of a “true” etiologic variant should correlate with susceptibility (or protection)
independent of the adjacent haplotype background. This feature, of course, is complicated in the
major histocompatibility complex (MHC), as both DRB1 and DQB1/DQA1 are associated with
disease, each with similar function in antigen presentation and immunoregulation. However,
trans-racial mapping was able to demonstrate that each of the three primary class II loci (DRBI,
DQBI1, and DQA1) has a role in risk (30). These approaches can be applied to non-HLA loci in
the search for type 1 diabetes genes and, as an example, have been used in the study of DPTI
(ACE I/D polymorphism) and ACE level (31).

Perhaps one of the most carefully studied ethnically isolated populations (particularly
with respect to the HLA region) is Sardinia (32-33). HLA-DR3 “marks” one of the two main
type 1 diabetes susceptibility haplotypes in European and European-derived populations.
However, its effect is heavily influenced by an unknown number of non-DR/DQ disease loci
both within and outside the HLA region. In the Sardinian population the HLA-DQB1, -DQA1
and -DRB1 loci do not account for the entire association of HLA-DR3 (DRB1*0301-
DQB1*0201) with type 1 diabetes risk (34-35). Using a stratification/conditional analysis
approach, three regions outside DQ-DR but still within the MHC were considered to be “risk
modifiers.” The combined impact of these risk modifiers was substantial and highly significant
(p = 6.2 x 107). Haplotypes defined by SNPs within the DMB and DOB genes, and a TNF
microsatellite locus identified 40% of Sardinian DR3+ haplotypes as non-predisposing (36).
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This unique haplotype distribution and the high population frequency of DR3 found in Sardinia
provide unique information that is needed to identify the sources of non-DR-DQ heterogeneity
on DR3 haplotypes. Inclusion of selected diverse yet isolated populations (Sardinia, Finland,
India and Africa) with the larger admixed populations (Caucasians from Europe, North America
and Australia as well as United States African-Americans and Mexican-Americans), should
provide important insights and facilitate type 1 diabetes gene identification.

2. The INS Locus and IDDM2

In the early 1980’s, a polymorphism in the 5’ region of the insulin gene start site was
observed (37-38). The resulting length polymorphisms were obvious candidates for their effect
on susceptibility for either type 1 or type 2 diabetes. A series of early studies (36) confirmed an
association of the INS “class I” allele of a variable number of tandem repeats (VNTR)
polymorphism and type 1 diabetes, with an increase in the homozygote frequency in diabetics.
More recent genetic and functional analyses in the region indicate that susceptibility to type 1
diabetes is likely to be directly influenced by the alleles of the INS VNTR (39). Genetic studies
of allele and haplotype transmission in ~700 combined European and US families (40) revealed
that the INS-VNTR-associated trait in type 1 diabetes was not recessive (with homozygosity of
VNTR class I alleles providing risk). Rather, risk appeared to be largely a dominant trait with
the VNTR class III alleles encoding protection from disease. While the biological mechanism
underlying the genetic risk has yet to be resolved, variation defined by the VNTR may affect the
steady-state level of insulin mRNA in the thymus, thereby influencing immune tolerance to
insulin and its precursors. The precursors now represent the “favored” autoantigens in type 1
diabetes. Specifically, the class III VNTR alleles were associated with higher levels of INS
mRNA in the thymus, which may account for its associated reduction of risk (or protection) for
type 1 diabetes (41-44).

The role of IDDMZ2/INS and a possible interaction with HLA has yet to be fully resolved.
Only one study has shown evidence of heterogeneity in type 1 diabetes risk encoded by the INS
region according to HLA genotype (45). However, several other studies have reported that the
association of the INS VNTR in different HLA risk classes (DR3/X, DR4/Y) is identical,
suggesting that there is no evidence of heterogeneity by HLA and INS type. This lack of
interaction between HLA and INS was recently confirmed using linkage in 356 affected sib-pair
families from the UK (46).

3. Other Genes and Regions

A number of studies have investigated associations and linkages with type 1 diabetes.
While each site has been subject to ongoing investigation by single or multiple groups, there has
been little coordinated effort to fully explore each region or their potential interactions. In part,
this lack of effort is due to the recognition that the magnitude of non-HLA locus-specific effects
is similar to that of INS (As ~ 1.12) and others (As < 1.3). In order to have sufficient statistical
power, several thousand affected sib-pair families would be needed. Nonetheless, current
regions of the genome in which linkage and/or association have been shown include 2q (IDDM7-
IDDM12, IDDM13), 3 (IDDM9), 5q (IDDM18), 6 (IDDM15, IDDM5, and IDDMS8), 10
(IDDM10 and IDDM17), 11q (D11S1296-FGF3), and 14 (IDDM14). None of these loci, with
the exception of association data for CTLA4/IDDM12, has yet to be confirmed, primarily due to
the lack of sufficiently large samples of affected sib-pair families.
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4. Genetic Basis of Type 1 Diabetes in the Nonobese Diabetic (NOD) Mouse

The nonobese diabetic (NOD) mouse model is accepted as an accurate model of human
type 1 diabetes (47-49). Most notably, the NOD mouse is sensitive to immunosuppression, both
CD8 and CD4 T cells are a feature of its pancreatic histology, and insulin autoantibodies appear
early in the disease process (50). Further, type 1 diabetes in human and mouse share a common
dependence on the structure of peptide pocket P9 of the MHC class II orthologues HLA-DQ and
IA. The NOD and its related strains have been used not only to examine the role of MHC genes,
but also for detection of non-MHC susceptibility factors. In the mouse MHC (51), the common
Kd and/or Db alleles of NOD mice contribute to the development of disease, but their
contributions continue to be unclear. The MHC of the CTS/Shi mouse, originally designated as
H2ct, shares the MHC class II region identity with the H2g7 haplotype of NOD mice. CTS
mice, however, were reported to express different MHC class I gene products. Since the
frequency of type 1 diabetes was reduced by over 50% in females of a NOD stock congenic for
H2ct, the partial resistance could have been derived from the differences in the MHC class I
genes. Recent evidence suggests that NOD/Lt and CTS/Shi share a common H2-Kd allele but
differ at the H2-D-end of the MHC. The H2-D allele of CTS/Shi was identified as the rare H2-
Ddx (described in ALR/Lt, another NOD-related strain). These data suggest that at least one
protective MHC or MHC-linked genes in CTS mice may be at the H2-D end on the complex.

Owing to the special facility that mouse breeding offers, the dissection of complex traits,
several type 1 diabetes susceptibility loci have been fine mapped to small chromosome regions.
These loci include 1dd3 to 0.15 ¢M of proximal chromosome 3, 1dd10 and 1dd18, also on
chromosome 3 to a region less than 2 cM in size, 1dd5.1 on chromosome 1, 1dd13 on
chromosome 2, and 1dd9.2 and 1dd9.3 on chromosome 4. All of these candidate regions (and
more in the future) will be sequenced, revealing gene content and polymorphism (e.g., NOD
versus B6). For example, the mouse chromosome 1 1dd5.1 interval contains CTLA4, the T cell
regulatory gene (52). In addition, IDDM12 is contained within the orthologous chromosome
2q33, a site that includes the CTLA4 locus, which is the most strongly associated gene in the
region when compared with flanking genes, CD28 and ICOS (53). These experiments represent
a portion of the work ongoing that provides an important source of candidate genes for human
type 1 diabetes.

It was estimated that ~1,200 families may have genome scan data available and that data
should be sent to the Coordinating Center for combined linkage analysis. The need to collect
many more families was recognized, as was the desire to establish immortalized cell lines for a
renewable source of DNA. Cell line availability was a key feature of the original UK and US
collections. Trio (parents and type 1 diabetic child) and case-control collections were supported,
particularly from distinct ethnic groups to facilitate trans-racial mapping approaches for
etiological variant identification.

D. SOURCES OF MATERIAL
Research material will be obtained in the form of blood samples and questionnaires

regarding details of family history and treatment of diabetes and related conditions. The data
will be collected for research purposes only.

T1DGC Protocol (03/31/11) OVER-5



LITERATURE CITED

1.

10.

11.

12.

13.

14.

15.

16.

Rewers M, LaPorte RE, King H, Tuomilehto J. Trends in the prevalence and incidence of
diabetes: insulin-dependent diabetes mellitus in childhood. World Health Stat Q 1988;
41: 179-189.

Rewers MJ. The Changing Face of the Epidemiology of Insulin-Dependent Diabetes
Mellitus (IDDM): Research Designs and Models of Disease Causation. Ann. Med 1991;
23:419-426.

Libman I, Songer T, LaPorte R. How many people in the U.S. have IDDM? Diabetes
Care 1993 ;16 :841-842.

Rich SS. Mapping genes in diabetes: a genetic epidemiological perspective. Diabetes
1990; 39: 1315-1319.

DCCT. Clustering of long-term complications in families with diabetes in the diabetes
control and complications trial. The Diabetes Control and Complications Trial Research
Group. Diabetes 1997; 46: 1829-1839.

Kannel WB, McGee DL. Diabetes and cardiovascular disease. JAMA 1979; 241:
2035-2038.

Barnett AH, Eff C, Leslie RDG, Pyke DA. Diabetes in identical twins. A study of 200
pairs. Diabetologia 1981; 20: 87-93.

Olmos P, A’Hern R, Heaton DA, Millward BA, Risley D, Pyke DA, Leslie RG. The
significance of concordance rate for type 1 (insulin-dependent) diabetes in identical
twins. Diabetologia 1988; 31: 747-750.

Kaprio J, Tuomilehto J, Koskenvuo M, Romanov K, Renuanen A, Erikson J, Stengaard J,
Kesaaniemi YA. Concordance for type 1 (insulin-dependent) and type 2 (non-insulin-
dependent) diabetes mellitus in a population-based cohort of twins in Finland.
Diabetologia 1992; 35: 1060-1067.

Kumar D, Gemayel NS, Deapen D, Kapadia D, Yamashita PH, Lee M, Dwyer JH, Roy-
Burman P, Bray GA, Mack TM. North-American twins with IDDM: genetic, etiological,
and clinical significance of disease concordance according to age, zygosity, and the
interval after diagnosis in first twin. Diabetes 1993; 42: 1351-1363.

Degnbol B, Green A. Diabetes mellitus among first- and second-degree relatives of early
diabetics. Ann Hum Genet 1978; 42: 25-47.

Rotter JI. The modes of inheritance of insulin-dependent diabetes mellitus or the genetics
of IDDM, no longer a nightmare but still a headache. Am J Hum Genet 1981; 33: 835-
851.

Tillil H, Kobberling J. Age-corrected empirical genetic risk estimates for first-degree
relatives of IDDM patients. Diabetes 1987; 36: 93-99.

Nerup J, Platz P, Ortved-Anderson O, Christy M, Lyngose J, Poulsen JE, Ryder L,
Thomsen M, Nielsen LS, Svejgaard A. HLA antigens and diabetes mellitus. Lancet 1974;
ii: 133-135.

Cudworth AG, Woodrow JC. Evidence for HL-A linked genes in “juvenile” diabetes
mellitus. Br Med J 1975; 3: 133-135.

Anderson CE, Hodge SE, Rubin R, Rotter JI, Terasaki PI, Irvine WJ, Rimoin DL. A
search for heterogeneity in insulin dependent diabetes mellitus (IDDM): HLA and
autoimmune studies in simplex, multiplex and multigenerational families. Metab Clin
Exp 1983; 32: 471-477.

T1DGC Protocol (03/31/11) OVER-6



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Rich SS, Weitkamp LR, Barbosa J. Genetic heterogeneity of insulin-dependent (Type 1)
diabetes mellitus: evidence from a study of extended haplotypes. Am J Hum Genet 1984;
36: 1015-1023.

Platz P, Jakobsen BK, Morling N, Ryder LP, Svejgaard A, Thomsen M, Christy M,
Kromann H, Benn J, Nerup J, Green A, Hauge M. HLA-D and DR-antigens in genetic
analysis of insulin-dependent diabetes mellitus. Diabetologia 1981; 21: 108-115.

Horn GT, Bugawan TL, Long CM, Erlich HA. Allelic sequence variation of the HLA-
DQ loci: relationship to serology and to insulin-dependent diabetes susceptibility. Proc
Natl Acad Sci USA 1988; 85: 6012-6016.

Noble JA, Valdes AM, Cook M, Klitz W, Thomson G, Erlich HA. The role of HLA class
I genes in insulin-dependent diabetes mellitus: molecular analysis of 180 Caucasian,
multiplex families. Am J Hum Genet 1996; 59: 1134-1148.

Todd JA, Bell JI, McDevitt HO. HLA-DQ beta gene contributes to susceptibility and
resistance to insulin dependent diabetes mellitus. Nature 1987; 329: 599-604.

Morel PA, Dorman JS, Todd JA, McDevitt HO, Trucco M. Aspartic acid at position 57 of
the DQ beta chain protects against type 1 diabetes: A family study. Proc Natl Acad Sci
USA 1988; 85: 8111-8115.

Cucca F, Dudbridge F, Loddo M, Mulargia AP, Lampis R, Angius E, DeVirgillis S,
Koeleman BP, Bain SC, Barnett AH, et al. The HLA-DPB1-associated component of the
IDDMI and its relationship to the major loci HLA-DQBI1, -DQA1, and -DRBI1. Diabetes
2001; 50: 1200-1205.

Renningen KS, Spurkland A, Tait BD, et al. HLA class II associations in insulin-
dependent diabetes mellitus among Blacks, Caucasoids, and Japanese. Tsui K, Aizawa
M, Sasazuki T (eds). Oxford Univ Press 1992; 1: 713-722.

Van der Auewra B, Schuit F, Lyaruu I, Falornio A, Svanholm S, Vanderwalle CL, Gorus
FK. Genetic susceptibility for IDDM in Caucasians revisited: the importance of Diabetes
Registries in disclosing interactions between HLA-DQ and insulin gene-linked risk. J
Clin Endocrinol Metab 1995; 80: 2567-2573.

Rewers M, Bugawan TL, Norris JM, Blair A, Beaty B, Hoffman M, McDuffie RS,
Hamman RF, Klingensmith G, Eisenbarth GS, Erlich H. Newborn screening for HLA
markers associated with IDDM: Diabetes Autoimmunity Study in the Young (DAISY).
Diabetologia 1996; 39: 807-812.

Cruickshanks KJ, Jobim LF, Lawler-Heavner J, Neville TG, Gay EC, Chase HP,
Klingensmith G, Todd JA, Hamman RF. Ethnic differences in human leukocyte antigen
markers of susceptibility to IDDM. Diabetes Care 1994; 17: 132-137.

Mijovic CH, Barnett AH, Todd JA. Genetics of diabetes. Trans-racial gene mapping
studies. Ball Clin Endocrin Metab 1991; 5: 321-340.

Cucca F, Muntoni F, Lampis R, Frau F, Argiolas L, Silvetti M, Angius E, Cao A,
DeVirgillis S, Congia M. Combinations of specific DRB1, DQA1, DQB1 haplotypes are
associated with insulin-dependent diabetes mellitus in Sardinia. Hum Immunol 1993; 37:
85-94.

Park YS, She JX, Noble JA, Erlich HA, Eisenbarth GS. Transracial evidence for the
influence of the homologous HLA DR-DQ haplotype on transmission of HLA DR4
haplotypes to diabetic children. Tiss Ant 2001; 57: 185-191.

T1DGC Protocol (03/31/11) OVER-7



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Keavney B, McKenzie CA, Connell JM, Julier C, Ratcliffe PJ, Sobel E, Lathrop M,
Farrell M. Measured haplotype analysis of the angiotensin-I converting enzyme gene.
Hum Mol Genet 1998; 7: 1745-1751.

Muntoni S, Fonte MT, Stoduto S, Marietti G, Bizzarri C, Crino A, Ciampalini P, Multari
G, Suppa MA, Matteoli MC, Lucentini L, Sebastiani LM, Visalli N, Pozzilli P,
Boscherini B, Muntoni S. Incidence of insulin-dependent diabetes mellitus among
Sardinian-heritage children born in Lazio region, Italy. Lancet 1997; 349: 160-162.
Lampis R, Morelli L, De Virgiliis S, Congia M, Cucca F. The distribution of HLA class II
haplotypes reveals that the Sardinian population is genetically differentiated from the
other Caucasian populations. Tissue Ant 2000; 6: 515-521.

Cucca F, Muntoni F, Lampis R, Frau F, Argiolas L, Silvetti M, Angius E, Cao A, De
Virgiliis S, Congia M. Combination of specific DRB1, DQA1, DQBI1 haplotypes are
associated with IDDM in Sardinia. Hum Immunol 1993; 37: 85-94.

Cucca F, Dudbridge F, Loddo M, Mulargia A, Lampis R, Angius E, De Virgiliis S,
Koeleman BPC, Bain, SC, Barnett AH, Gilchrist F, Welsh K, Todd JA. The HLA-DPB1-
associated component of the IDDM1 and its relationship to the major loci HLA-DQB1, -
DQAL and —-DRBL1. Diabetes 2001; in press.

Zavattari P, Lampis R, Motzo C, Loddo M, Mulargia A, Whalen M, Maioli M, Angius E,
Todd JA, Cucca F. Conditional linkage disequilibrium analysis of a complex disease
superlocus, IDDML1 in the HLA region, reveals the presence of independent modifying
gene effects influencing the type 1 diabetes risk encoded by the major HLA-DQBI, -
DRBI disease loci. Hum Mol Genet 2001; 10: 881-889.

Bell GI, Karam JH, Rutter WJ. Polymorphic DNA region adjacent to the 5* end of the
human insulin gene. Proc Natl Acad Sci USA 1981; 78: 5759-5763.

Bell GI, Horita S, Karam JH. A polymorphic locus near the human insulin gene is
associated with insulin-dependent diabetes mellitus. Diabetes 1984; 33: 176-183.

Hitman GA, Tarn AC, Winter RM, Drummond V, Williams LG, Jowett NI, Bottazzo GF,
Galton DJ. Type 1 (insulin-dependent) diabetes and a highly variable locus close to the
insulin gene on chromosome 11. Diabetologia 1985; 28: 218-222.

Bennett ST, Wilson AJ, Cucca F, Nerup J, Pociot F, McKinney PA, Barnett AJ, Bain SC,
Todd JA. IDDM2-VNTR-encoded susceptibility to type 1 diabetes: dominant protection
and parental transmission of alleles of the insulin gene-linked minisatellite locus. J
Autoimmunity 1996; 9: 415-421.

Bennett ST, Lucassen AM, Gough SC, Powell EE, Undlien DE, Pritchard LE, Merriman
ME, Kawaguchi Y, Dronsfield MJ, Pociot F. Susceptibility to human type 1 diabetes at
IDDM?2 is determined by tandem repeat variation at the insulin gene minisatellite locus.
Nat Genet 1995; 9: 284-292.

Julier C, Lucassen A, Villedieu P, Delepine M, Levy-Marchal C, Danze PM, Bianchi F,
Boitard C, Froguel P, Bell J. Multiple DNA variant association analysis: application to
the insulin gene region in type 1 diabetes. Am J Hum Genet 1994; 55: 1247-1254.
Vafiadis P, Bennett ST, Todd JA, Nadeau J, Grabs R, Goodyer CG, Wickramasinghe S,
Colle E, Polychronakos C. Insulin expression in human thymus is modulated by INS
VNTR alleles at the IDDM2 locus. Nat Genet 1997; 15: 289-292.

Pugliese A, Zeller M, Fernandez A, Zalcberg LJ, Barnett RJ, Ricordi C, Pietropaolo M,
Eisenbarth GS, Bennett ST, Patel DD. The insulin gene is transcribed in the human

T1DGC Protocol (03/31/11) OVER-8



thymus and transcription levels correlated with allelic variation at the INS VNTR-
IDDM?2 susceptibility locus for type 1 diabetes. Nat Genet 1997; 15: 293-297.

45. Julier C, Hyer RN, Davies J, Merlin F, Soularue P, Briant L, Cathelineau G, Deschamps
I, Rotter JI, Froguel P. Insulin-IGF2 region on chromosome 11p encodes a gene
implicated in HLA-DR4-dependent diabetes susceptibility. Nature 1991; 354: 155-159.

46. Cordell HJ, Todd JA, Bennett ST, Kawaguchi Y, Farrall M. Two-locus maximum lod
score analysis of a multifactorial trait: joint consideration of IDDM2 and IDDM4 with
IDDM1 in type 1 diabetes. Am J Hum Genet 1995; 57: 920-934.

47. Risch N, Ghosh S, Todd JA. Statistical evaluation of multiple-locus linkage data in
experimental species and its relevance to human studies: application to nonobese diabetic
(NOD) mouse and human insulin-dependent diabetes mellitus (IDDM). Am J Hum Genet
1993; 53: 702-714.

48. Todd JA, Reed PW, Prins JB, Bain SC, Palmer SM, Cordell HJ, Pritchard LE, Ghosh S,
Cormall RJ, Aitman TJ. Dissection of the pathophysiology of type 1 diabetes by genetic
analysis. Autoimmunity 1993; 15 (suppl) 16-17.

49. Wicker LS, Todd JA, Prins JB, Podolin PL, Renjilan RJ, Peterson LB. Resistance alleles
at two non-major histocompatibility complex-linked insulin-dependent diabetes loci on
chromosome 3, Idd3 and 1dd10, protect nonobese diabetic mice from diabetes. J Exp Med
1994; 180: 1705-1713.

50. Leiter EH. Genetics and immunogenetics of NOD mice and related strains. Leiter EH,
Atkinson MA (eds). Research Applications in Diabetes, AIDS, Cancer and Other
Diseases. Landes Bioscience Publishers, Austin, TX, pp 37-69.

51. Matthews CE, Graser RT, Serreze DV, Leiter EH. Reevaluation of the major
histocompatibility complex genes of the NOD-progenitor CTS/Shi strain. Diabetes 2000;
49: 131-134.

52. Hill NJ, Lyons PA, Armitage N, Todd JA, Wicker LS, Peterson LB. NOD Idd5 locus
controls insulitis and diabetes and overlaps the orthologous CTLA4/IDDMI12 and
NRAMP1 loci in humans. Diabetes 2000; 49: 1744-1747.

53. Ueda H, Howson JMM, Esposito L, Heward J, Snook H, Chamberlain G, Rainbow DB,
Hunter KMD, Smith AN, et al. Assocation of the T-cell regulatory gene CTLA4 with
susceptibility to autoimmune disease. Nature 2003; 423: 506-511.

T1DGC Protocol (03/31/11) OVER-9



	DisclaimerBox0: Persons using assistive technology may not be able to fully access information in this file. For assistance, e-mail niddk-cr@imsweb.com. Include the Web site and filename in your message.


