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Abstract

Objective—To evaluate UBASH3A (rs11203203) as a predictor of persistent islet autoimmunity
and type 1 diabetes.

Research Design and Methods—The Diabetes Autoimmunity Study in the Young (DAISY)
followed prospectively for development of persistent islet autoimmunity (1A; autoantibodies to
insulin, GADG65, 1A-2 or ZnT8 on at least 2 consecutive exams) and diabetes 1715 non-Hispanic
white children at increased genetic risk for type 1 diabetes. The DAISY participants were
genotyped for rs11202203 (UBASH3A).

Results—UBASH3A allele A was associated with development of 1A (HR=1.46, 95%CI1=1.11-
1.91, p=0.007) and diabetes (HR=1.84, 95%CI=1.28-2.64, p=0.001), controlling for presence of
HLA-DR3/4,DQB1*0302 and having a first-degree relative with type 1 diabetes. The UBASH3A
AA genotype conferred higher risk of persistent 1A (12.7%) and diabetes (6.1%) by age 10 than
for AG (7.7% and 3.1%, respectively) or GG (5.3% and 2.0%) genotype (p=0.009 for 1A,
p=0.0004 for diabetes). Among children with no family history of type 1 diabetes, but HLA-
DR3/4,DQB1*0302 and UBASH3A AA genotype, 35.9% developed 1A and 50.6% developed
diabetes by age 15.

Conclusions—UBASH3A appears to be an independent predictor of IA and type 1 diabetes in
children, including those free of family history of type 1 diabetes but carrying the HLA-
DR3/4,DQB1*0302 genotype. If confirmed, UBASH3A may prove useful in type 1 diabetes risk
prediction and pre-screening of the general population children for clinical trials.
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INTRODUCTION

Type 1 diabetes (T1D) is a known autoimmune disease with strong genetic contribution,
resulting in an autoimmune destruction of the insulin producing beta cells. The HLA region
on chromosome 6p21 is considered the major susceptibility locus for type 1 diabetes !
Several non-HLA genes have been shown to be associated with type 1 diabetes, including
INS (11p15.5), PTPN22(1p13.2), and CTLA4 (2p33.2). With the advent of genome wide
association studies (GWAS), more than 40 non-HLA susceptibility gene markers for type 1
diabetes have recently been discovered 24 DAISY (Diabetes Autoimmunity Study in the
Young) cohort participants who have been followed from birth for development of persistent
islet autoimmunity and type 1 diabetes have been genotyped for 20 non-HLA genes. We
have previously reported on association of /AVSand PTPN22 with persistent islet
autoimmunity (IA) and T1D in the DAISY cohort 6. Among the other non-HLA genetic
markers tested in DAISY, UBASH3A seems to be another important gene influencing
development of IA and T1D.

UBASH3A (ubiquitin associated and SH3 domain containing A) has been associated with
type 1 diabetes 789, celiac disease and rheumatoid arthritis 10. The gene is located on
chromosome 21g22.3 1 and expressed in a limited number of tissues including spleen,
peripheral blood leukocytes, and bone marrow.

In this study, we report the influence of UBASH3A on the development of IA and T1D in
non-Hispanic white (NHW) children participating in DAISY and confirm the association in
another prospective study BABYDIAB.

METHODS
Study population

The Diabetes Autoimmunity Study in the Young (DAISY) has followed two cohorts of
young children at an increased risk for type 1 diabetes since 1993, the sibling and offspring
cohort of relatives of type 1 diabetes patients, and the general population newborn cohort,
identified through screening of over 31,000 newborns with susceptibility HLA-DR/DQ
genotypes in Denver, Colorado. The details of screening and follow-up have been previously
published 12 Children in this cohort have been followed from birth to an average age of 8.8
years (range: 4 months—23 years) and have been genotyped for rs11203203 (UBASH3A).
Informed consent was obtained from the parents of each study subject. The Colorado
Multiple Institutional Review Board approved all study protocols.

BABYDIAB is a similar German study that prospectively follows 1650 Caucasian offspring
of mothers and/or fathers with type 1 diabetes from birth 13 Recruitment into the study
began in 1989 and ended in 2000. Children are prospectively monitored for the development
of 1A and diabetes. The median follow-up for the antibody negative controls is 7.6 years. In
this study, we genotyped rs11203203 (UBASHS3A) in all BABYDIAB children with high
risk HLA DR3/4-DQB1*0302 (n=28) and onset of IA before age 5. Matched autoantibody
negative controls were selected on presence of HLA DR3/4-DQB1*0302 genotype and
longest follow up time (n=29). All families gave written informed consent to participate in
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the BABYDIAB study. The study was approved by the ethical committee of Bavaria,
Germany.

Islet Autoantibodies

Measurement of biochemical islet autoantibodies was performed in the laboratory of Dr.
George Eisenbarth at the Barbara Davis Center for Childhood Diabetes in Denver, COM. 1A
was defined as presence of =1 of the autoantibodies to insulin, GAD65, IA-2 or ZnT8 on at
least 2 consecutive visits.

Genotyping

Genomic DNA isolation from whole blood was performed using the QuickGene 610L
[Autogen, MA USA] and then amplified using Qiagen RepliG whole genome amplification
kit [Qiagen, CA USA]. Tagman SNP genotyping assays [Applied Biosystems, CA USA]
was then utilized to obtain genotype information on rs11203203. For each 12.5ul volume
assay, 20ng of amplified gDNA template (1ul) was used with 6.35ul Tagman Genotyping
master mix [Applied Biosystems, CA USA], 0.15ul SNP assay probe mix, and 5ul PCR
grade water. PCR cycling conditions were as follows; 95C for 10 minutes, and 40 cycles of
92C for 15 seconds and 60C for 1 minute. Genotype results were obtained using an AB7000
Sequence Detection System and analysis software

Statistical Analysis

Univariate and multivariate analyses were performed in SAS version 9.1. (SAS Institute Inc,
Cary, North Carolina) using the additive model. All analyses were limited to NHW only. The
rs11203203 SNP was in Hardy Weinberg equilibrium. Multivariate analyses were run
adjusting for HLA-DR3/4,DQB1*0302, gender and family history of type 1 diabetes. We
performed survival analysis of progression to persistent 1A and type 1 diabetes with PRISM
software, using the log-rank test and an alpha level for significance set at 0.05. Follow-up
time was defined as the age of the child at the 1st of the 2 consecutive positive visits for
affected children and age of the child at the last visit for unaffected children.

RESULTS

Affected children with IA (N=107) compared with unaffected (N=1608) were more likely to
carry the HLA-DR3/4,DQB1*0302 genotype (37.4% vs 17.2%) and have a first degree
relative (FDR) with T1D (70.1% vs 47.8%). UBASH3A allele A was associated with
development of 1A (HR=1.52, 95%CI1=1.16-2.00, p=0.002) and T1D (HR=2.02,
95%CI1=1.40-2.91, p=0.0002). After controlling for presence of HLA-DR3/4,DQB1*0302
and having a first-degree relative with T1D, UBASH3A allele A remained associated with
development of 1A (HR=1.46, 95%CI1=1.11-1.91, p=0.007) and T1D (HR=1.84,
95%CI=1.28-2.64, p=0.001) (data not shown).

Cumulative incidence of development of persistent 1A and T1D by genotypes, estimated by
survival analysis, showed a higher risk of persistent IA by age 10 years for the UBASH3A
AA genotype (12.7%) compared to those having the AG (7.7%) or GG (5.3%) genotype
(p=0.0087) (Figure 1A). Risk of development of T1D by age 10 years was also higher in
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subjects with the AA genotype (6.1%) compared to those with the AG (3.1%) or GG (2.0%)
genotype (p=0.0004) (Figure 1B).

When limiting the analyses to HLA-DR3/4,DQB1*0302 subjects (N=316), cumulative risk
for persistent 1A by age 10 years for the UBASH3A AA genotype was 34.6% compared to
AG (17.6%) or GG (8.3%) genotype respectively (p=0.004) (Figure 2A). Cumulative
incidence of T1D by age 10 years showed similar risk (p=0.01) (Figure 2B).

To determine if UBASH3A is helpful in predicting diabetes more accurately in the general
population where most cases of T1D arise, we performed survival analysis in the DAISY
general population children with HLA-DR3/4,DQB1*0302 (N=239). The cumulative risk of
persistent 1A among these general population children reached 35.9% in those with the AA
genotype by age 10 (Figure 3A), while the cumulative risk for T1D was 22.2% (Figure 3B).

In the BABYDIAB cohort, the results were not statistically significant, likely due to small
numbers. However, the trends were similar with UBASH3A AA genotype having a higher
frequency in cases vs. controls for both 1A (14.8% vs 7.1%) and type 1 diabetes (18.2% and
9.1% respectively). (Table 1).

DISCUSSION

The HLA region on chromosome 6p21 is the major susceptibility locus for type 1 diabetes
with an estimated 30-50% of the genetic risk for type 1 diabetes attributed to the MHC
region. Recently, a number of genome wide association studies have discovered more than
40 non-HLA genes that may be contributing to development of type 1 diabetes. To date,
polymorphisms of the insulin gene and PTPN22 gene have been confirmed to contribute to
type 1 diabetes independently of HLA Class Il alleles ® DAISY NHW participants have
been genotyped for 20 additional SNPs that had previously been associated with type 1
diabetes. DAISY is a prospective cohort allowing definition of the age of conversion to islet
autoimmunity and the cumulative risk of 1A and type 1 diabetes. In addition to confirmation
of the effect of the HLA Class Il genotypes, we have previously confirmed in the DAISY
population the independent effect of /ASand PTPNZ22 on development of both 1A and type 1
diabetes °*. In the current report, UBASH3A (rs11203203), is a novel gene marker
significantly associated with 1A and type 1 diabetes. However, there are potentially
important differences in the age of type 1 diabetes diagnosis (younger in DAISY than in the
previous GWAS studies). This is the first evaluation of this marker as predictor of persistent
IA in a prospective cohort; the association was not statistically significant in BABYDIAB
subjects with onset of 1A before age 5, but showed a similar trend.

UBASH3A spans 40kb and contains 15 exons, with an alternate splicing resulting from
skipping of exon 5. This protein is composed of two domains: the ubiquitin associated
(UBA) domain is involved in the ubiquitin pathway and the SH3 domain is known for
protein-protein interaction modules which bind to proline-rich proteins involved in cell
polarization and signal transduction 1 UBASH3A is expressed predominantly in T-cells,
acting by inhibiting the c-CBL-mediated downregulation of protein tyrosine kinases that are
activated upon T-cell receptor stimulation 169. Similarly, the lymphoid-specific phosphatase
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(LYP), encoded by PTPN22, is involved in preventing spontaneous T-cell activation by
directly downregulating some of the same protein tyrosine kinases. The C1858T PTPN22
SNP results in a missense mutation and thereby abrogates the ability of the molecule to bind
to the signaling molecule Csk but the diabetes associated allele results in a “gain of
function” inhibiting T cell receptor signaling 1718. Both of these genes seem to play an
important role in T-cell receptor stimulation and in several autoimmune diseases: PTPN22
has been confirmed to be associated with Graves’ disease 19, rheumatoid arthritis 2 and
systemic lupus erythematosus 21, while UBASH3A has recently been associated with celiac
disease and rheumatoid arthritis 10.

While HLA class Il susceptibility alleles are being used to identify high-risk relatives for
developing type 1 diabetes in combination with autoantibody positivity, no genetic risk
factors are currently able to predict type 1 diabetes with enough accuracy in the general
population. In the future, preventive therapies may be applied prior to diabetes onset or even
prior to the appearance of IA in individuals who are genetically at risk for type 1 diabetes.
Children who have a family history of type 1 diabetes and the HLA risk genotypes DR3/4-
DQB1*0302 or DR4/DR4 have a 20% or higher risk for developing islet autoantibodies
during childhood 2 Primary intervention studies such as Pre-POINT (Primary Oral INsulin
Trial) and TrialNet Oral Insulin studies are currently recruiting siblings with high genetic
risk for type 1 diabetes. However, only 10% of new onset type 1 diabetes subjects have a
relative with type 1 diabetes. Determining extreme genetic risk in the general population is a
prerequisite for the implementation of primary prevention trials in the general population,
where most new cases of type 1 diabetes arise, approximately 90%.

In conclusion, the UBASH3A SNP rs11203203 predicts development of persistent 1A and
type 1 diabetes; however, confirmation studies in similar young populations are needed.
With more accurate prediction, intervention trials may become possible for individuals at
greatest risk.
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(N=1715) by UBASH3A genotype
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