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METHODS FOR SCREENING FOR GENETIC
5 PREDISPOSITION TO TYPE I DIABETES

FIELD OF THE INVENTION

This application relates to methods for identifying individuals at risk of

developing type I diabetes mellitus (T1D). More particularly, this application relates to
10 methods for rapid, cost-effective, genetic screening of large numbers of individuals in

order to identify those who should receive subsequent testing for active T1D.

BACKGROUND
Diabetes is a disorder characterized by persislém variable hyperglycemia due to
15 either inadequate production of insulin by the body and/or an inadequate response by the
body to insulin. Type I diabetes mellitus (T1D; also known as juvenile onset diabetes or
insulin dependent diabetes) is an autoimmune disorder that typically develops in
susceptible individuals during childhood, and involves progressive destruction of insulin-
producing cells in the Islets of Langerhans of the pancreas. Patients with clinical T1D
20 require regular insulin replacement therapy. Currently millions of people suffer from
TID with the overall incidence increasing at about 3-5% per year in most populations.
While approximately 50% of the background risk of TID is believed to be due to
environmental factors, the remainder is due to genetic causes with up to 20 different
genes influencing susceptibility to the disorder. Of the genetic influence, approximately
25  50% appears to involve genetic variations within the human leukocyte antigen (HLA)
class I alleles HLA-DR and HLA-DQ.

Large-scale destruction of insulin-producing cells will already have taken place by
the time clinical symptoms of TID appear. The sub-clinical phase of the disease is
characterized by the presence of auto-antibodies which target the individual’s islet cells

30 (ICAs), insulin (IAAs), glutamic acid decarboxylase (or GADAs) and/or tyrosine
phosphatase (IA-2As).

Although there is currently no cure for T1D, early detection can reduce the
likelihood of long-term complications, thereby both improving the quality of life and
reducing costs resulting from repeated hospitalization. For example, it has been shown

35  that children previously identified as being autoantibody-positive had a much lower
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hospitalization rate at the time of diagnosis (3.3% versus 44%), lower mean
glycohemoglobin one month later, and lower mean insulin dose one year later. Predictive
testing thus appears to lessen morbidity and medical costs at diagnosis and may lead to
better metabolic function in the early period after diagnosis (1).  Although no
s immunoprevention therapy has yet been identified that will delay or prevent disease, it is
likely that such therapies will be more effective when implemented early, forvexample in
the pre-clinical period before the autoimmune response is well advanced and the
remaining islets are stressed.
Cases with a positive family history for TID represent only 10-15% of newly
10  diagnosed patients (2-5), therefore effective public hea;lth testing must test all children in
order to identify pre diabetes. While the presence of islet autoantibodies is a sensitive and
specific predictor of future TID, autoantibodies appear at varying ages in different
individuals, so.periodic testing throughout childhood is necessary for prompt detection.
Testing for autoantibodies is invasive and expensive, and thus a separate initial screening
15  step is essential for overall cost-effectiveness. Since the peak incidence range for T1D is
from about 4 to 15 years, predictive strategies must be applied early in life if they are to
be informative. '
The HLA-DR-DQ genetic locus is by far the most informative for TID
susceptibility and is estimated to account for approximately 50% of the genetic
20 susceptibility to the disease(6). It has been suggested that HLA Class II genotyping
might provide sufficient information for an initial screening step (6-8). Such genetic
screening may be performed as early as the newborn period, well before disease onset.
Initial HLA genetic screening can be used to identify susceptible children, who are then
offered peribdic autoantibody testing to detect activation of islet autoimmunity. This
25  approach has been successfully demonstrated in large research studies, such as the
Diabetes Auto-Immunity Study of the Young (DAISY) in Colorado (7), the Prospective
Assessment of Newborns for Diabetes Autoimmunity (PANDA) in Florida (9), the
Diabetes Prediction and Prevention (DIPP) study in Finland (10), and lhe Diabetes
Evaluation in Washington (DEW-IT) study (11). The latter study further minimized cost
30 and invasiveness by performing the HLA screening in coordination with a Washington
State Dept. of Health Newborn Screening Program. These studies confirmed the ability
of HLA screening to identify high-risk subjects for intervention or follow-up studies, but
no consensus strategy for population-based T1D public health screening has emerged
from them. Developing such-a strategy is challenging because HLA haplotypes and

35  genotypes form a continuum between highly susceptible and highly protective.
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Kiviniemi et al. (12) describe a system for screening large numbers of individuals
for genetic risk for TID that employs multiple screening steps requiring large numbers of
probes to identify different HLA alleles.

Assays employing DNA hybridization probes directed to a specific region of the

5 HLA-DQP region to detect a person’s susceptibility to autoimmune diseases, such as
TID, are described in US Patent 5,665,548, with probes directed to the HLA-DR4 region
and their use in diagnosing susceptibility to T1D being disclosed in US Patent 5,039,606.
US Published Patent Application no. US2004/0126794 discloses methods for detecting
incréased or decreased risk for T1D by detecting the presence of specific HLA-C and/or

10 HLA-A alleles. Methods for predicting autoimmune diabetes by detecting specific HLA
Class II alleles are also described in US Patent 6,534,272. US Patent 5,567,809 describes
specific primers and probes for HLA-DRP DNA typing. US Published Patent
Application no. US 2008/0026378 describes a method for predicting the onset of T1D
comprising determining a subject’s HLA genotype, assigning the subject’s risk of

15 developing T1D on the basis of the determined HLA genotype, measuﬁng the
concentration of at least one amino acid in a biological sample taken from the individual
and combining the resulting information to predict the likelihood of onset of T1D.

While several methods for determining susceptibility to TID using HLA DR-DQ
have been described, such methods are high resolution and therefore not cost-effective for

20 routine screening of large numbers of individuals. There thus remains a need in the art
for materials and methods that may be effectively employed to screen populations for

individuals at risk of developing T1D.

SUMMARY OF THE INVENTION

25 The present invention provides efficient, cost-effective and non-invasive methods

for screening large numbers of individuals in order to identify individuals who are at risk
of developing T1D and who should therefore receive follow-up testing for development
of T1D, such as testing for the presence of autoantibodies indicative of pre-clinical TID.
Materials for use in such methods are also provided. The disclosed methods provide a
30  practical means for screening large populations in order to implement public health
strategies aimed at minimizing the occurrence and associated costs of clinical TID. As
described in detail below, the inventors have employed a simple algorithm to convert the
risk of developing T1D due to the presence of specific HLA Class II haplotypes into

genotype-based risk in order to maximize performance of a HLA DR-DQ screen.
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The methods disclosed herein comprise obtaining a nucleic acid-containing (for
example, DNA-containing) biological sample from an individual to be tested, and
amplifying DNA in the sample using primers specific for exons 2 of the HLA DQBI,
DQAT1 and/or DRB1 loci. The amplified DNA is then used for identification of specific

5 -alleles by one of several well-known methods. For example, the amplified DNA can be
contacted with combinations of oligonucleotide probes directed against specific alleles, in
the method generally known as SSOP, or "sequence specific oligonucleotide probe”. The
presence or absence of binding between the probe(s) and the amplified DNA sample is
indicative of the presence or absence of the specific allele(s). Alternatively, the amplified

10  DNA can be sequenced directly, for example on an Applied Biosystems 310 genetic
analyzer (Perkin Elmer Applied Biosystems, Foster City, CA) or similar equipment. A

" method employing selective primer extension can also be used to identify specific alleles.
Finally, the initial DNA amplification can employ primers which, instead of amplifying
exons 2 of all DQA1 and/or DQBI1 alleles, are designed with even greater specificity to

15 amplify only specific alleles, in the method known as "sequence specific primers”. In this
case, successful DNA amplification itself implies allele identity.

The specific DQA1 and/or DQB1 alleles which are identified by one of the above
methods are then used to detect and/or infer haplotypes previously identified as being
indicative of either resistance (R) or susceptibility (S) to T1D development, or as being

20 neutral (N) with regards to TID predisposition. In general, an individual is not
recommended for follow-up autoantibody testing if the genetic screen indicates the
presence of a resistant (R) haplotype and/or the absence of a susceptible (S) allele.
However, the presence of a certain allele may “forgive”, or negate, the presence of
another specific allele. Specific combinations of alleles to be tested for, or probed, are

25  discussed below and identified in Table 1 below. The combinations of alleles (and
therefore the probes) are selected in order to maximize the number of future TlD_cases
included in autoantibody screening (i.e. maximize the sensitivity of the screening), while
also minimizing the number of individuals recommended for follow-up autoantibody
screening (i.e. maximizing the specificity).

30 The disclosed methods are homogeneous for all .samples (i.e. all samples may be
tested with the same combination(s) of probes), and allow determining of genotype at the
minimum resolution needed to define high and low risk DR-DQ haplotypes in order to
determine T1D genetic risk. Unlike prior art methods, individuals requiring follow-up
testing for autoantibodies are identified using a simple method that can be readily

35 employed for high-throughput screening of large numbers of individuals.
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In specific embodiments, methods for identifying an individual in need of follow-
up testing for T1D are provided, the methods comprising testing for the presence of a first
HLA Class II allele, a second HLA Class 1I allele and a third HLA Class II allele in a
nucleic acid sample obtained from the individual, wherein the first allele is DQB1*0301,

5 the second allele is DQA1*020X, and the third allele is selected from the group
consisting of: (a) DQB 1*0602/0603; (b) DQB1*050X/060X; and (c) DQA1*01, where X
= any integer. The presence of any one of the first, second and third alleles indicates that
the individual is not in need of follow-up testing for T1D.

In one embodiment, the third allele is DQB1*050X/060X or DQA1*010X (where

0 X= any integer) and the method further comprises testing for the presence of a fourth
HLA Class II allele selected from the group consisting of: (i) DQBI1*0604; and (ii)
DQB1*0501, wherein the presence of the fourth allele negates the use of the third allele
to indicate that the individual is not in need of follow-up testing for T1D.

In further embodiments, the methods additionally include testing for the presence

15  of a fifth HLA Class II allele, wherein the fifth allele is DQB1*0503/0601, and wherein
the presence of any one of the first, second, third and fifth alleles indicates that the
individual is not in need of follow-up testing for TID. The nucleic acid-containing
sample may be further tested for the presence of a sixth HLA Class 1I allele, and/or for
the presence of a seventh allele wherein the sixth allele is DQB1*0602/0603 and the

20  seventh allele is DRB1*0403, and wherein the presence of any one of the first, second,
third, fifth, sixth and seventh alleles indicates that the individual is not in need of follow-
up testing for T1D.

In other embodiments, the methods further comprise testing for the presence of an
eighth HLA Class II allele and a ninth HLA Class II allele, wherein the eighth allele is

25 DQBI1*0302 and the ninth allele is DQB1*020X (also referred to as DQB1*020X), and
wherein the presence of any one of the first, second, third, fifth, sixth and seventh alleles
or the absence of any one of the eighth and ninth alleles indicates that the individual is not
in need of follow-up testing for TID. In a related embodiment, the nucleic-acid
containing sample may further be tested for the presence of a tenth HLA Class II allele,

30 wherein the tenth allele is DQB1*040X (where X = any integer) and wherein the presence
of the tenth allele negates the use of the ninth allele to indicate that the individual is in
need of follow-up testing for TID.

Materials for use in the disclosed methods, such as oligonucleotide probes that
specifically hybridize, or bind, to the HLA Class 1I alleles of interest,.are also provided.

35 In one embodiment, kits are provided for identifying individuals at increased risk for
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developing T1D, such kits comprising combinations of oligonucleotide probes that are

cap.able of hybridizing to the alleles of interest. The probes may already be labelled to

facilitate detection of the presence or absence of binding between the probes and their

targeted alleles, or the kits may include reagents for labelling the probes. The kits may
5 also optionally include reagents to detect the label, and/or instructions for their use.

In yet a further embodiment, arrays, such as microarrays, are provided for use in
the disclosed methods, such arrays comprising oligonucleotide pfobes that are capable of
hybridizing to the specific combinations of alleles disclosed herein. The oligonucleotide
probes may be immobilized on a substrate, such as a membrane or glass. Techniques and

10  materials for preparing microarrays are well known in the art. Microarrays are available
commercialfy and include those available from Affymetrix (Santa Clara, CA).

These and additional features of the present invention and the manner of obtaining
them will become apparent, and the invention will be best understood, by reference to the

following more detailed description and the accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 shows the percentage of population needing autoantibody screening

(specificity) versus percentage of TI1D cases detected (sensitivity) for possible
hypothetical risk strategies generated for the haplotypes shown in Table 2 using a
20 computer program. '
Fig. 2 shows the cost-effectiveness of immunogenetic screening for T1D.
Fig. 3 shows specificity versus sensitivity for a subset of the strategies of Fig. 1,

including for three strategies of most interest.

25 DETAILED DESCRIPTION

As outlined above, the present invention provides methods and materials for

genetic screening of large populations to identify individuals who have increased genetic

risk of developing TID and should therefore receive follow-up screening for islet

~ autoantibodies known to be indicative of the development of TI1D. The methods include
30 testing for the presence of HLA Class II haplotypes previously identified as being
indicative of either resistance (R) or susceptibility (S) to T1D development, or as being
neutral (N) with regards to T1D predisposition by contacting DNA obtained from the
individuals with combinations of oligonucleotide probes that hybridize with specific S, N

or R alleles.
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As described in detail in Example |1 below, the inventors obtained extended HLA

Class [1 DRB1-DQA1-DQB1 haplotype information for over 1000 individuals previously

diagnosed to have TID and over 1000 healthy control individuals. Based on this

information, the haplotypes were ranked from those being most T1D resistant to those

5 being most T1D susceptible. While the continuum of TID risk in haplotypes ranges

.from highly susceptible to moderately susceptible to neutral to moderately resistant to

highly resistant, the haplotype risk was assigned more concisely to three categories,

namely susceptible (S), neutral (N) and resistant (R). Based on the known dominant

protection of previously identified resistant haplotypes, a paradigm was developed to

10 combine the haplotypes to provide two categories of genotypes, namely those associated

with a high risk of developing T1D (S/S, S/N; i.e. individuals who should receive follow-

up autoantibody screening), and those associated with a low risk of developing T1D

(N/N, R/S, R/N, R/R; i.e. individuals to be excluded from follow-up autoantibody

screening). Including “N” as a third haplotype risk level allowed for greater stratification,

15 while reducing the genotype risk levels to two makes the autoantibody follow up

practical.  Intermediate, or moderate, risk classifications are not considered when

determining whether or not an individual should receive follow-up screening.

Groups of alleles in the S, N and R categories were subsequently established for

several different sensitivity/specificity strategies. In order to create a cost-effective

20  method for detecting T1D cases in a large population of individuals, strategies were

developed that minimized the number of individuals receiviné autoantibody screening

(i.e. maximized the specificity) while maximizing the number of future T1D cases
detected (i.€. maximizing the sensitivity). |

In these strategies, detection of various combinations of the following R alleles is

25  used to identify the presence of the R haplotypes and therefore identify individuals who

can rapidly be excluded from the group requiring follow-up autoantibody testing:

DQB1*0301; DQA1*020X (also referred to as DQBI1*02); DQB1*0602/0603;

DQB1*050X/060X; DQB1*0602/0603; DQA1*010X; and DRBI1*0403  (or

DRB1*0403/0406/0407/0411), where X = any integer. Examples of specific strategies

30  employing R alleles are shown in Table 1. Table 1 includes the tolél numbers of

individuals tested in different populations (row 1) and the number of T1D cases captured

in each population for each specific strategy, wherein WA Cau = number of healthy

Caucasians tested; WA all race = total number of healthy subjects tested (regardless of

race); all race, all DM = total number of T1D subjects tested; all race, TID ons<22 = total

35 number of T1D subjects with an age at onset of less than 22 tested (regardless of race);
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Cau, all DM = number of Caucasian T1D subjects tested; and Cau, TID ons<22 =

number of Caucasian T 1D subjects with an age at onset of less than 22 tested.
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TABLE 1A

WO 2009/126740

Cau,
refine an all roce, Cau, TID 3l nce, Cav,
Strat suscep JWA WA al) race, T1D atl ons< WA WA ad ali race, T10 Cay, 20 TID

. NO. Resistant probes for elimination . refine resistant info info Cau  race  all OM ons<22 DM 22 JCau race alf DM ons<22 DM ons<22
972 1163 907 1163 907 650 853 614
1 DQB1°0301_DQAI02 DOB1"0802 DOB1°0603 224 25.5% 72.0% 74.8% 71.9% 74.6%
2 DQB1'0301_DQA1'02_DQB 170501 DAB1'0801 DXQB1°060; DOB1-0603 188 21.3% 71.0% 74.5% 71.5% 74.3%
3 DQB1'0301 DQA1'02_DGB1°0502 DQB1°0801 DAB1-060: DOB1+06X DRB1°0403 183 19.4% 70.0% 73.1% 70.1% 72.8%
4 DQB1'0301_DOAI'(2 DQB1'05  DAB1'0S 76 8.4% 49.6% S12% 50.5% 53.9%
5 DQB1'0301_DQA1'02 DQBI'0S  D(A108 DQB 10604 94 10.0% 55.8% 588% S56.6% 59.3%
6 DQB1'0301 DOAI'02 DQOB1°05  DQB1°08 [DQB140501 144 15.6% 62.0% 66.0% 63.0% 66.6%
7 DQBITDI0T OQAI'C2_OOB1-05 DQBI08 DQB1°0804 DQB1*0S0Y 162 171%  60.1% 71.5% 69.1% 72.0%
8 DQBI'030Y_DQAI'02 DQA1°03 76 8.4% 49.6% 5).2% 50.5% 53.9%
9 DQB1°0301_DQA1'02_ DAAI"0 IDQB 10604 D4 116 506 382 483 364] 9.7% 10.0% 55.8% 58.8% S56.6% 59.3%
10 DQB1°0301_DQA1'02_OQA1'01 DQB 1°0301 144 181 562 429 537 403]14.8% 15.6% 62.0% 66.0% 63.0% 66.6%
11_DQB1'0301 DQA1I°02 DQAI™01 1°0604 DOB1°0501 162 199 61 465 569 4420 16.7% 12, 5% 69.1% 72.0%
12 OQB1°0301_DQA1'02 DCB1°05  0081'08 DRB1*040: 70 85__ 440 38 52,0% 49.4% 52.6%
13 0QB1°0301 DOA1'02 DOB1'05 DQBI°08 DRB1040J00B1°0604 86 101 49 73472 355] 8.6% B.% 54.6% 51.4% 55.3% S57.8%
14 DOB1°030) DOA1'02_DOB1"05  DQBI08 DRB1 X8 1°0501 133 162 55 421 526 401§13.7% 13.9% 60.7% 64.8% 61.7% 65.3%
15 DQB1°030)_DOA1T02 DAB1°05 DABI'08 DRB1'040§0CH1°0604 DQB 170501 149 178 606 456 577 433J15.3% 15.3% 66.8% 70.2% 67.6% 70.5%
16 DOB1°0301_DQA1'02 DQA10! DRB1°0403 70 85 440 338 421 323§ 7.2%  7.3% 48.5% 52.0% 49.4% 52.6%
17 DOB1°030)_DQA1'02_DQA1°01 ora1-0c0foan 1°0604 88 101 495 73472 355) 6.8% B.7% 54.6% 57.4% 53.3% 57.6%
18 DAS10301_DQAI'02_DOAt % S.,“me_.&o_ 13 162 551 421 526 401113.7% 13.9% 60.7% 64.8% 61.7% 65.3%
19 DAB1°0301 DQA102 DQA1'01 DRB1 170604 DQB1°0501 149 178606 456 577 433 15.3% 15.3% 66.8% 70.2% 67.6% 70.5%
20 DQB1'0301_DQA1°02_DQB1°0602 0Q81°0603 | DQB1°0302 DOB1'02 172 212 621 468 596 448] 17.7% 18.2% 608.5% 72.0% 63.9% 73.0%
21 DQB1°0301 DQA1'02 DGRI1°0503 DQBY 0601 DOB1°060; 0QB1°0603 1 DOB1°0302 DQB1°02 157 19 19 «66 594 446] 16.2%] 16.e%] 68.2%] 71.7%] 69.6% 72.6%
22 DQBY0301 DQA1T2 DQB)-0503 DQBY'060t DQB1°060 DAB1°06XK DRB 170403 0QB1°0302 DAB1°02 144 169 607 457 582 437]14.8% 14.5% 56.9% 70.3% 68.2% 71.2%
23 DQB1°0301 DOA1'62_DQABY’05  DQ8108 DQB1'0302 DQB102 74 93 445 342 429 329] 2.6%  8.0% 49.1% 52.6% 50.3% 53.6%
24 DQOB81%0301 DOAI'02 0QB1°05 008106 DAB1°0604 D0B1°0302 DOB1°02 89 1086 499 377 479 361 9.2% 9.3% 55.0% 58.0% 56.2% 58.8%
25 DQB1°0301 DQA1'02 DQB1'C5 DAB1'08 DQB1°0501 DQB1°0302 DAB1402 131 160 550 421 530 404J13.5% 13.8% 60.6% 64.86% 62.1% 65.8%
26 DQB1'0301_DQA1'02 DOB1'GS 0QB1'06 DQB1°0604 0QB1°050§00B 10302 DOB1°02 146 175 604 456 580 436§ 15.0% 15.0% 66.6% 70.2% 68.0% 71.0%
27 DQB1°0301 DQA1'02 DOAL'01 QB 1°0302 DQB1*02 74 93 445 242 429 329] 7.6% 6.0% 49.1% S52.6% 50.3% 53.6%
28 DOB1°0301_DQA1'02 DQA!01 [DQB1°0604 DQB1°0302 DAB1*02 89 108 499 177 479 361] 9.2% 9.3% 55.0% 56.0% 56.2% 58.6%
29 DOB1°0301_DQAI02 DQA} 01 DQB1°0501 DB 170302 DABY02 13 160 S50 421 530 404]13.5% 13.8% 60.6% 64.8% 62.1% 65.8%
30 DOB1°030)_OQA102 DQAI'0Y IDQB1°0604 DQB 1°030J0AB1°C302 DAB1*02 146 175 604 456 580 436f15.0% 15.0% 66.6% 70.2% 68.0% 71.0%
31 DQBI°030t_DQAI'02_DOB1°05  DQB1I'08 DRB1°0403 0OB1°0302 DQB1°02 68 80 435 334 419 321 7.0% 6.9% 48.0% 51.4% 49.1% S2.1%
32 DQBI'0301_DQAI'02_DQB1°05_ DQB1°08 DRB1"0403D0B1-0604 0QB 10302 DAB1°R2 81 93 488 360 468 352] B.3%  8.0% 53.8% 56.6% S54.9% 57.0%
33 DOB1'0301_DOA102 DABI'05 DOBI'08 DRB1-040§00D1°0501 DQB1+0302 DAB1°02 120 141 S39 413 519 396§12.3% 12.1% 59.4% 61.5% 60.8% 64.5%
34 DQBY-0301_DGAY'02_DQB1'05 _DQAB1°08 DRE1-04000B 1°0604 DOB1°050]DAB1°6302 DAB1°02 133 154 592 447 568 Sw_ 13.7% 13.2% 65.3% 68.8% 66.6% 69.5%
35 DQBIU301_DQAIG2 _DOAI-01 DRB1'0403 DQB1°0302 DQB1°02 68 B0 435 334 410 321] 7.0% 6.9% 4B.0% 51.4% 45.1% 52.3%
36 DQB1'0301_DQAI02 DOAYV'O1 DRB1°040§D0B1°06504 DQB1°0302 DAB1°C2 1 93 483 368 458 352§ 6.3% 8.0% 53.8% 56.6% 54.9% 52.3%
37 DOB1°0301_DQA1'02_DQA1'0! ozm...:ommow.ée DGB1+0302 DOB1"02 120 141 539 413 51 uwm#wu# 12.1% 59.4% §).5% 60.8% 64.5%
38 0QB1°030% DQAT02_DQAI'0Y DRB1'040JDOR1°0604 DOB1°050J00B 10302 DOB1°02 133 154 592 447 568 427§ 13.7% 13.2% 65.3% 63.8% 66.6% 69.5%
39 DQOB1'0301_DOA1°02 DQB1°0602 DGBY0603 15ce1°0302 DQB1°02 IcGeroq tes . o1 6o 458 585 430§ 16.9% 17.3% 67.1% 70.5% 68.6% 71.5%
40 DQBI*0301 DQAI®02 D(QB1°050) DOB1°0601 DOB1°060: DOB1°0803 _oom_.ouSoow_.S oapi'od 148 180 807 458 583 am—a.uf 15.5% 66.9% 70.2% 68.3% 71.2%
a1 DQBI'0301 DOA102 DQBI-0503 DQB1-06G1 DAB1°060; DQB1°065: DRB1°0403 DQB1-0302 DOB1:02 0Qe1'0d 136 158 5eS 447 571 428 14.0% 13.6% 65.6% 68.8% 66.9% 69.7%
42 DQB1'0301 DQAt'02 DQB1°05  DQB3'06 DOR 140302 DQB1'02 D031°04 82 88 433 32 418 320] 8.4%] S5.7%] 47.7%] Si1%] 49.0% 52.1%
43 DQB1°0301 _DQAI02 CQABI°0S DQB1'06 DQB1°0504 0B 140302 DQB1°02 Dasiod 81 07 487 357 460 3528 B8.3%  B.3% 53.7% 56.5% 54.9% 57.3%
44 DQB1°0301_DQAI'02 DOB1'V5 0Q81'08 Jocsi-osos 00B1°0302 DQB1:02 DOB1'04 123 149 538 a1 5 ucm.—v:.; 12.8% 59.3% 63.2% 60.8% 64.3%
45 DQAB1'0301 DOA1'02 DQBI'05  DAB!'06 0OB1°0604 DQB1°050 JDOB1°0302 0QB1'02 IDoB1'0d 138 104 582 M6 560 427]14.2% 14.1% 65.3% 68.6% 66.7% 69.5%
46 DQB1'0301_DOAI'02_DOA1'01 DQA1*0302 0QB1°02 jocbioq &2 68 4% 332 418 320] 8.4%] 5.7%[ 47.7%] 51.1%] 49.0% 52.1%
47 DOB1*030 DQAI°02 DAA1'01 DAB1°0302 0081402 DOA'0d 84 88 435 34 418 3] 8.6%] 5.7%] .Po#_ 51.4%] 49.1% 52.3%
48 DQB1'0301_DOA)'02_DQA10I DOB 0604 DQB 10302 DOB1'02 bosrod 81 [T 387 468 35] 8.3%  6.3% 53.7% 565% 54.9% 57.3%

49 DQB1'0I0T DOA'02 DAALVO} DQB1°0501 DQB 140302 DOBY02 (DS 1°04 123 149 538 411 519 3958 12.7% 12.6%  $9.3% 61.2% 60.8%
50 _DQB)I'0301_DAA1'02 DQAI'0! —.89.82 0081°050 [0081°0302 DOBY'02 DOB1'0d 138 184 52 418 560 427014.2% 14.1% 65.3% 68.6% 65.7% 69,5%
1 DQB1°030t DOAI'02 DQB1°0S DQS1'08 DR81°040: 008 1°0302 DOB1°02 Das1'0od 70 B4 439 337 420 322] 7.2%  7.2% 48.4% 51.6% 49.2% 52.4%
52 DAOBI'0301_DOAI'02 DQB)'03  DOBI‘08 oR81°040JD0B 1-0804 50610302 DGB 102 ooB1Od 73 B2 418 358 457 7.5%  7.1% S2.5% 55.1% S$3.6% 55.9%
3 DQB1°030! DOAI'2_DOB1°05 DQBI'US ORB1°040§0CB1°0501 D0 140302 DOB1°02 DOoB1-Od 112 130 8% 403 508 Hw.—:.w* 11.2% SB8.1%_ 62.0%  59.6%  63.0%
54 DQBI0301 DQAI'02_DQB1-05 008108 OR81°040§DAB1°0804 DQB1°050 JOOR 140302 DAB1°02 DOB1-04 125 143 580 437 557 418812.9% 12.3% 63.9% 67.2% 65.3% 68.1%
55 DQB1°030) DQA1'0Z DQAI'0 ORB1°0403 D0B1°0302 00B1°02 DQA 1°04 70 84 439 337 420 322] 7.2%  7.2% 4B.4% 51.8% 49.2% 52.4%
56 DQB1°0303 OQA1°02 DQA1Ot DRB1:040§DQB 10604 DQB8 1+0302 0QB1°02 DQB1°04 73 82 478 358 457 34 7.5% 7.1% S52.5% 551% S5).6% 55.9%
57 DQB1'0301 _OQA1TZ_DQA1'0Y DRB1-040§0081°0501 810302 DQB102 oapi-od 112 130 s27 403 308 387011.5% 11.2% $8.1% 620% 59.6% 63.0%
S8 DQB1°030 DQAI'02 DQAI'0I DRB1-040§D081-0604 0QB1°050]0Q81+0302 DAB1702 I6OB1°0Q 125 143 580 4377 557 418J12.9% 12.3% 63.9% 67.2% 65.3% 68.1%
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TABLE IB

Strat
. No.

1 eliminate if any resistant probe pos

2 _eliminate if any resistant probe pos

3 eliminate If any resistant probe pos

4 eliminate if any resistant probe pos

5 eliminate if has any resistant probe (but BO604 forgives BOS/06 or AD1)

§ ellminate If has any L probe (but B0S01_forgives BOS5/0S or A01)

7_eiiminate it has any resistant probe (but BO501 or BO604 forgives BOS/06 or A03)

8 _eliminate If any resistant probe pos

g elimindte if has any resistant ¢ {but BO604 forgives BO5/06 or AOL)

10 eliminate if has any resistant probe (but 80501 forgives BO5/06 or AD1)

11 efiminate if has any resistant probe (but BO501 or 80604 torgives BO5/06 or AOL)

13 eliminate if has any resistant probe {but BOSO4 forgives BOS/06 or AG1)

14 _eliminate if has any resistant probe (but B0S01 forgives B0OS/06 or A1)

1 or 80604 forgives BOS/06 or AO1)

17 climinate If has any _‘nu.uno;nbacn

18 _efiminate if has any resistant probe

19 eliminate If has any resistant probe (but BO501 or BO60 forgives BOS/06 or AO1)

20_eliminate If has any resistant probe or If does not have susceptibie probe

21 efiminate If has any resistant probe or If does not have susceptible

23 eliminate if has any resistant probe or If does not have susceptible probe

24 eliminate if bas any resistant probe or If does not

have susceptible probe (but 80604 forgives 805/06 or A03

25 eliminate If has any resistant probe or If does not have susceptible probe {(but BO50

1 forgives BOS/06 or AQL

26 etimminate If has any resistant probe or f does not have susceptidie probe (but BO50

1 or BO604 forgives BOS/06 or AD1}

27 efiminate if has any resistant probe or if does not have wcmmmnv_o van

28 eliminate if has any resistant probe or if does not have susceptible prode (but 80504 forgives BO5/06 or AOL)

29 eliminate if has any probe of if does not have susceptible probe (but 80501 forgives BO5/06 or AO1)

30 eliminate if has 3ny resistant probe or If does not have susceptible probe (but 80501 or 80604 forgives BOS/06 or AOL)

31 eliminate if has any resistant probe of If does not have susceptible probe

32 efiminate If has any resistant probe or If does not have susceptible probe (but BO604 forgives 8

5/06 or A01}

33 efimunate If has any resistant probe or f does not have susceptible probe (but 80501 forgives B

5706 or A01)

34 eliminate it has any resistant probe or If does not have susceptible probe (but BO501 or BO604

forglves BOS/06 or AD1)

35 efiminats If has any resistant probe or if does not have susceptidle probe

36 ehminate f has any resistant probe or it does not have susceptible probe (but 80604 forgives BOS/06 or AO1)

37 eliminate if has any resistant

but BOS01 forgives B0S/06 or AD1)

38 efiminate if h3s any resistant probe or if does not have E% probe (but BO501 or BOSD4 forgives 80S/05 or AD1)

39 eliminate If has any resistant

(but DQB1°04 eltminates DQB1°02)

40 eliminate if has any resistant

81*02)

41 ctiminate If has any resistont probe or I does not have susceptible probe (but DQB1*04 eliminates DQB1*02)

42 efiminate If has any resistant probe or if does not have susceptible prode (but DQB1=04 eliminates DQB1*02)

43 efiminate if has any resistant probe or If does not have susceptible probe {but 80604 forgives BOS/06 or AO1) {but 0QB1°04 eliminates DQB1°02)

44 _eliminate If has any resistant probde or If does not have susceptible probe (but 80501 fargives BOS/06 or AO1) (but DQ81°04 eliminates DQB1°02)

45 eliminate if has any resistant prode or if does not have probe (but 80501 or BOGO4 forgives B05/06 or A01) (but DQB1*04 eliminates DQB1%02)

46 efiminate If has any resistant probde or if doas not have susceptible probe (but DQB1°04 eliminates DQB1°02)

47 eliminate if has any t probe or if does not have ble probe, but DQA1*04

DQB1*0201.

48 eliminate if has any resistant proba or if does not have susce, ptibls probe (but BO604 forgives BO5/06 or AO1) (but DQB1°04 eliminates _upm_cod

49 sliminate If has any resistant

or if does not hove susceptibie probe (but B0S01 forgives B0OS/06 or AD1) (but BQB1*04

0QB1+03)

Joes not have susceptible probe (but 80501 or BOGO4 forgives BO5/06 or AD1) {bwt

Joes not have susceptible probe

S2 if has any resistant probe or If does not have susceptible prodbe {but BOSC

04 forgives BO5/06 or AD1) (but DQB1704

es DQB1°02)

53 ellminate if has any resistant dut BO5C

3 forgives B0O5/06 ar ACL) {but DQB1°04 eliminates

54 eliminate if has any resistant probe or If does not have susceptibie probe (but BOSC

1 or 80604 forgives BOS/06 or AD1} (but DQB1°04 eliminstes DQB1*02

S5 eliminate if has any resistant probe or f does not have ucﬂnmn!u probe

56 efiminate If has any resistant

robe or if does nut have o:walmm_zn probe (but 80604 forgives BOS5/05 or AO1) {but DQB1°04 eliminates DQ81*02)

57 eliminate If has a;

501 forgives BOS/06 or AO1) (but DQBL"04 elminates DQB1°02)

58 eliminate If has any resistant probe or If does not have susceptible probe {but BOS01 or BO604 forgives BOS/08 or AGL) (but DQB1°04 eltminates 0QB81°02)

B1°04 eliminates DQB102
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Detection of the following S alleles is used to identify the presence of S
haplotypes, and therefore identify individuals who should be included in the group
requiring follow-up autoantibody testing: DQB1*0302 and DQB1*020X (also referred to

"5 as DQB1*02). However, it should be noted that DQB1*020X is only useful when a
probe for DQA1*020X is included in the test as the presence of DQA1*020X disqualifies
DQB1*020X as representing a susceptible haplotype. Similarly, in those cases where
DRB1*0403 is probed, its presence disqualifies DQB1*0302 as representing a susceptible
haplotype. R alleles can be grouped in several ways for use with S alleles as shown in

10 Table 1.

Other N alleles, such as DQB1*0501 and DQB1*0604, can be added to relieve
elimination by DQB1*050X/060X or by DQA1*010X (the latter two are equivalent
entities), as shown in Table 1. In addition, the allele DQB1*040X can be added to
eliminate individuals who test positive for the S allele DQB1*020X.

15 The sensitivity and specificity of the screening method vary depending on the
combination of alleles tested for. For example, testing only for the R alleles
DQB1*0503/0601, DQB1*0301/0304, DQA1*020X results in a specificity of 28% and a
sensitivity of 74.8%, while testing for the R alleles DQB1*0503/0601, DQB1*0301/0304,
DQA1%020X, B0602/0603, and the S alleles DQB1*0302/0304 and DQB1*020X results

20 in a specificity of 16% and a sensitivity of 71.7%. Testing for the R alleles
DQB1*050X/060X, DQB1*0301/0304, DQAI1*020X, and for the S alleles
DQBI1#0302/0304 and DQB1*020X, as well as for the S allele modifier DQB1*040X,
yields a specificity of 5.7% and a sensitivity of 51.1%, as does testing for R alleles
DQB1*0301/0304, DQA1*020X and DQA1*01 and S alleles DQB1*0302/0304 and

25 DQBI1*020X and S allele modifier DQB1*040X.

Cost effectiveness of the overall prediction strategy (HLA screening and
autoantibody follow-up) is a key factor in design considerations and is greatly affected by
the stringency (sensitivity, specificity) of the HLA screening step. The cost per T1D case
identified is higher when a higher number of follow-up autoantibody tests need to be

30 performed. It is known that performing initial genetic screening to determine lwhich
individuals should receive autoanlibbdy screening provides significant cost-savings
compared to autoantibody screening alone. Defining genotype risk through converting
haplotype information helped to identify the majority of future T1D cases while
minimizing the proportion of the population needing autoantibody follow up by

35  maximizing performance of HLA DR-DQ in a TID genetic screening role, thereby
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increasing sensitivity while maintaining specificity compared to strategies that employ
simply the alleles or haplotypes previously identified. The impact of the improvement in
the sensitivity on cost savings over a longer term will be sizeable, as it is known that
children who participate in prospective follow-up autoantibody testing are less often

5  hospitalized and have milder metabolic abnormalities at diagnosis. In a large population,
some deaths and permanent morbidity are likely to be prevented by early diagnosié.

In order to identity the presence or absence of specific alleles in an individual, a
nucleic acid (DNA and/or RNA) containing biological sample is first obtained from the
individual. The biological sample may be, for example, blood, urine, saliva or sera.

10 DNA and/or RNA may also be obtained from hair, skin, nails or other body tissue. The
nucleic acid-containing sample is then subjected to polymerase chain reaction (PCR) to
amplify exon 2 of the HLA DQA1 and DQB/ genes. Primers and techniques for use in
PCR are well known to those in the art and include, but are not limited to, those described
below in Example 1. |

15 The presence of alleles of interest can be detected using methods known in the art,
including, but not limited to, contacting the amplified nucleic acid-containing sample
with one or more oligonucleotide probes that hybridize under stringent hybridization
conditions to one or more polymorphisms associated with the alleles and detecting the
hybridized, or bound, oligonucleotide probes. Oligonucleotide probes that may be

20 effectively employed to detect the HLA II alleles of interest are well known in the art and
include, for example, those described in US Patent 5,567,809, US Patent Publication no.
2004/0126794, Kiviniemi et al. Diabetes Technology & Therapeutics, 9:460-472 (2007)),
and Itoh et al. Immunogenetics 57:717-729 (2005), the disclosures of which are hereby
incorporated by reference.

25 Such oligonucleotide probes and primers are substantially complementary to one
or more polymorphisms associated with the allele of interest. Two single stranded
sequences are said to be substantially complementary when the nucleotides of one strand,
optimally aligned and compared, with the appropriate nucleotide insertions and/or
deletions, pair with at least 80%, preferably at least 90% to 95%, and more preferably at

30 least 98% to 100%, of the nucleotides of the other strand. Alternatively, substantial
complementarity exists when a first DNA strand will selectively hybridize to a second
DNA strand under stringent hybridization conditions.

As employed herein the term “stringent hybridization conditions” includes salt
conditions of less than about 1 M, more usually less than about 500 mM and preferably

35 less than about 200 mM. Hybridization temperatures can be as low as 5°C, but are
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generally greater than about 22°C, more preferably greater than about 30°C and most
preferably greater than about 37°C. Longer DNA fragments may require higher
hybridization temperatures for specific hybridization.  Since the stringency of
hybridization may be affected by other factors such as probe composition, presence of
5  organic solvents and extent of base mismatching, the combination of parameters is more
important than the absolute measure of any one alone. In one specific example, “stringent
hybridization conditions” refers to prewashing in a solution of 6X SSC, 0.2% SDS;
hybridizing at 65°C, 6X SSC, 0.2% SDS ovemight; followed by two washes of 30
minutes each in 1X SSC, 0.1% SDS at 65°C and two washes of 30 minutes each in 0.2X
10 SSC, 0.1% SDS at 65°C.
4 In certain embodiments, sequence-specific 6ligonucleotide probes (SSOP; i.e.
probes that hybridize specifically to the allele of interest) are immobilized on a solid
substrate, such as a nylon membrane, using methods well known to those of skill in the
art. The bound SSOP are contacted with the PCR-amplified nucleic acid sample for a
15 period of time sufficient for the SSOP to hybridize to the target allele(s). The substrate is
then .washed to remove unhybridized sample and the presence of the bound SSOP is
detected using methods known to those of skill in the art. For example, the
oligonucleotide probes may be labelled with a moiety that allows detection of probe by
spectroscopic methods. In one method, the nucleic acid-containing sample is amplified
20 using biotinylated primers and the bound biotinylated PCR product is detected using
streptavidin-horseradish peroxidase.

In an alternative embodiment, the presence or absence of specific alleles of
interest is detected using a Delfia™ system (Perkin Elmer, Boston, MA), in which up to
three different SSOPs, each labelled with a different detection reagent such as europium

25  (Eu), terbium (Tb) or samarium (Sm), are simultaneously contacted with an amplified
DNA sample. Binding of alleles to the labeled probes' may then be detected using time-
resolved fluorometry. For example, Sjoroos et al. (13) described a method for detecting
two TID susceptibility (*0201, *0302) and two TID protective (*0301, *0602/0603)
alleles of the HLA-DQBI1 gene employing DNA amplification with PCR followed by

30 simultaneous, allele-specific triple-label hybridization performed in microtitration wells
using the Delfia™ system. Use of this type of system offers significant advantages, in
that it enables simultaneous testing for the presence or absence of multiple alleles of
interest.

Other techniques that may be effectively employed to detect hybridization

35 between SSOP and alleles of interest include SSOP-Luminex™ methods as described by
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Itoh et al. (15). Such methods employ a flow cytometry dual-laser system to
quantitatively detect fluorescently labelled oligonucleotides attached to color-coded
microbeads and have previously been employed in high-throughput, high-resolution
genotyping studies.

5 SSOP may also be employed in a high-throughput ELISA technique to detect the
presence of alleles of interest. Such techniques are well known in the art and include, for
example, those described in (16).

A plurality of oligonucleotide probes may be provided in a kit form. Such Kkits
generally comprise multiple oligonucleotide probes, with each probe being specific for an

10 allele of interest. In one embodiment useful for high-throughput assays, the
oligonucleotide probe kits disclosed herein comprise multiple probes in an array format,
wherein each probe is immobilized in a predefined, spatially addressable location on the
surface of a solid substrate. Array formats which may be usefully employed in the
present invention are disclosed, for example, in U.S. Patents No. 5,412,087, 5,545,531,

15 6,586,168, 6,284,460, 6,268,152, 6,156,501, 6,045,996, the disclosures of which are
hereby incorporated by reference.

Oligonucleotide probes for use in the disclosed methods may be constructed
synthetically using techniques well known in the art (See, for example, Gait, ed.,
Oligonucleotide synthesis a practical approach, IRL Press: Oxford, England, 1984).

20  Automated equipment for the synthesis of oligonucleotides is available commercially

\ from such companies as Perkin Elmer/Applied Biosystems Division (Foster City, CA)
and may be operated according to the manufacturer’s instructions. Alternatively, the
probes may be constructed directly on the surface of an array using techniques taught, for
example, in PCT Publication No. WO 95/00530.

25 Those of skill in the art will appreciate that alternative methods, such as
restriction-fragment length polymorphism (RFLP), may also be employed to detect the
presence or absence of specific alleles, or combinations of alleles, of interest in nucleic
acid-containing biological samples. An additional method to determine the alleles present
is to directly sequence the amplified exons 2 of DRB1, DQA1 and/or DQB1 using di-

30 deoxy labeling followed by analysis on the Applied Biosystems 310 Genetic Analyzer or
similar apparatus. Alternatively, a method employing selective primer extension can be
used to identify specific alleles (14-16)

Another method that may be employed to detect specific alleles, is for the initial
DNA amplification to employ primers which, instead of amplifying exons 2 of all DQA/

35 and/or DQBI alleles, are designed with even greater specificity to amplify only specific
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alleles, in the method known as "sequence specific primers”. In this case, successful
DNA amplification itself implies allele identity.
The following examples are offered by way of illustration and not by way of

limitation.

EXAMPLE 1
A large case-control cohort from Washington State was HLA-DQ genotyped to
determine: a) what are the best strategies for population-wide HLA Class I screening in a
typical U.S. population, and b) whether the best such strategy is sufficiently predictive to
10 be useful in screening for a subsequent autoantibody testing program for cost-effective,
public health-based preclinical T1D prediction as a prelude to risk counseling and

ultimately to delay or prevent the onset of disease.
The most useful haplotype algorithms for maximum performance of HLA DR-DQ
in a TI1D genetic screening role were identified as described below. Medium-resolution
15 inferred HLA DQA]-DQB] haplotypes from 907 T1D cases and 1163 healthy subjects
from Washington State were combined into genotypes to test all risk assessment
strategies based on relative risk groupings (susceptible, neutral, resistant) of the
individual haplotypes. DQBI1*0302 haplotypes were further stratified by DRB1*040X
subtypes before analysis. Computerized simulations tested all risk strategies representing
20  all possible haplotype risk assignment combinations. Results were interpreted in light of
.desirable general pediatric T1D risk screening goals, namely sufficient sensitivily to
include most future cases among subjects screening positive, and sufficient specificity to
minimize the overall number who must undergo subsequent follow-up. Strategies with
the highest combined sensitivity/ specificity (% of future cases within % of pediatric
25  population) were 51.1% within 6.8%, 65.1% within 12.1%, 72.5% within 15.1%, and
76.0% within 18.0%. There was slightly less sensitivity if adult onset, as well as
childhood-onset, TID cases were considered, and slightly greater sensitivity if only

Caucasians were included.

30 Subjects- The unrelated healthy control cohort consisted of 1163 randomly
selected subjects from a 4505-subject Washington State general population study (17) and
a similar Washington State general population diabetes screening study, and excluded
subjects with diabetes, those who were first degree relatives of current diabetes patients,
and those with persistent islet autoantibodies. Type 1 diabetes subjects were recruited,

35  consented and sampled from hospital wards or clinics, or specialty medical practices in
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Washington State. Blood was drawn for serum autoantibody testing and genomic DNA
testing. Of 1094 consented and sampled diabetes cases (median diabetes duration 11.2
years), 1062 had sufficient DNA sampled for genotyping. For 72 cases, a serum C-
peptide measurement was available. Inclusion criteria for childhood T1D (onset age < 22
5 years), was positivity for any of the 3 islet autoantibodies OR random C-peptide <0.8 (18)
OR first degree relative with autoantibody-confirmed T1D OR all of the following
(BMI<25, no T2D first degree relatives, AND. on continuous insulin therapy since
diagnosis). Inclusion criteria for adult TID (onsét age 22 years or older) was positive
TI1D autoantibodies OR random C-peptide <0.8 OR a first degree relative with
10  autoantibody-confirmed T1D. After application of the above inclusion criteria, a total of
907 cases (650 childhood T1D cases and 257 adult TID cases) were included in the
analysis. For all T1D cases, 93.3% were Non-Hispanic White, 0.8% Hispanic White,
1.5% Black, 1.1% Asian, and 3.3% other/undetermined. For healthy controls, 78.3%
were Non-Hispanic White, 5.2% Hispanic White, 2.7% Black, 7.3% Asian and 6.4%
b5 other/undetermined.
Autoantibodies - Serum autoantibodies to the human diabetes islet autoantigens
GADGS, the full cytoplasmic domain of A2, and insulin were measured using separate
radiobinding assays as described by Woo et al. (19).
Sequence-Based DQ Genotyping - Genotyping of HLA DQA1 and DQBI1 utilized

20 direct sequencing of amplified exon 2 of each gene using a Perkin Elmer/Applied
Biosystems Inc. 310 automated sequencer. PCR templates consisted of either 1/8” dried
bloodspots fixed in MeOH as described (11) or genomic DNA purified from whole frozen
blood (QiaAmp, Qiagen). PCR primers for DQB1 .exon 2 were GH29 and DB 130 (20)
and for DQA1 exon 2 were DQAAMP-A and DQAAMP-B (21). Allele frequencies and

25 frequency of homozygosity were similar to those found in 1102 subjects combined from
two large Washington State bone marrow transplant registries (22) and in published 11th
International HLA Workshop data on North American Caucasians, Blacks and Japanese
(23). This indicates that all DQA! and DQBI alleles were well amplified by our
methods.

30 DRB1*04 subtyping - Subjects with DQ haplotypes expected to have DRB1*04

were further examined by low-resolution DR4 subtyping using Restriction Fragment
Length Polymorphism (24). Published DRB1*04-specific PCR primers AB54 (sense)
and AB60 (antisense) (20) were used to generate 257 bp amplicons for digestion with
Sacll and visualization by agarose gel electrophoresis. Cleavage to 199 bp and 58 bp

35  fragments indicated common T1D-susceptible DR4 alleles
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(DRB1*0401/0402/0404/0405) while no cleavage indicated DR4 alleles generally
conferring T1D resistance (DRB1*0403/406/407/411).

Algorithm- After identifying allele sequences for each gene, DQAI-DQBI
haplotypes were inferred based on published frequencies in Caucasians (25) and from the

s HLA 1991 workshop for Asian-Americans and Black Americans (23). Haplotypes were
assigned into one of three categories, namely resistant (R), neutral (N) and susceptible
(S), and each pair of haplotypes was then combined into an individual genotype. Based
on the known dominance of resistant over susceptible haplotypes (26; 27), as well as the
necessity of having at least one susceptible haplotype to be at risk of disease (28; 29), the '

10 genotypes R/S, R/N, R/R, and N/N were assigned to the low risk cohort, while S/S and
S/N were assigned to the high risk cohort for which follow-up autoantibody testing was
recommended.

Modest simplification of the haplotype list was done to allow each listing to
contain sufficient numbers of subjects. Where practical typing refinements existed-(e.g.

15 DR4 subtyping), these were included to better resolve the haplotypes. In the case of
ambiguous assignments, the most frequent DQA1-DQBI combinations were chosen,
which in all cases were at least 50-fold more prevalent overall than the non-chosen
combinations. The list of haplotypes was then further simplified in three ways. First, in a
limited number of cases, haplotypes identical at DQB1 but with minor differences at the

20  fourth digit of DQA1 (e.g. 0102 and 0103) were grouped, provided that the grouped
haplotypes did not differ substantially in relative disease risk based on publiéhed data
(23). Second, DQA1*03 haplotypes with DQB1*0302 or 0304 were grouped together
since these DQBI1 alleles are structurally similar and do not differ substantially in relative
disease risk. This grouping was particularly important since these grouped DQA1*030X-

25 DQB1*0302/4 haplotypes were then divided into three groups based on DR4 subtyping
(DRB1*0403 group, not DRBI1*#0403, and not DRB1*040X). Finally, four rare
haplotypes (DQA1*030X-DQB1*0402, DQA1*0501-DQB1%0302/4, DQA1*0102-
DQB1 *0504! and DQA1*0101-DQB 1*0608) which were each observed at a frequency of
less than 1 in 500, were combined as “rare haplotypes” which included a total of 18

30 haplotype counts out of 4140 total haplotype counts.

The final result totaled 22 haplotypes or haplotype categories. Their frequencies
among cases and controls, odds ratios (OR), and significance of association to T1D, are
shown in Table 2. Table 2 lists these haplotypes in order from those which confer the
greatest resistance to TI1D (at the top of the table), to those which confer the greatest

35  susceptibility to T1D (at the bottom of the table).
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TABLE 2
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Haplotypes were assigned 'into risk categories using a simple manual method and
a computer program. For both methods, the top two haplotypes in Table 2 were seldom
5 found in cases of TID and were fixed as R, while the bottom two hapldlypes, which
clearly conferred disease risk, were fixed as S, and the rare haplotype group was fixed as
N based on insufficient data. The seventeen remaining intermediate risk haplotypes were
allowed to wobble between differ.ent risk categories. For the manual assignment, these
intermediate haplotypes were kept in order of relative risk. A variable number of them
10 (from three to seventeen) was then assigned as N in a contiguous block. The contiguous
N block was shifted up and down within the seventeen haplotypes, with ail haplotypes
above the block assigned R and all below the block assigned S. This resulted in 121
different “manual” strategies.
A computer program was developed that allowed every possible assignment of
15 haplotypes into risk categories to be exhaustively evaluated. For the computer-generated
strategies, the seventeen remaining intermediate risk haplotype groups were allowed to be
assigned into one of the three risk categories. Each arrangement of haplotypes constituted
a hypothetical risk-evaluation strategy. Every possible unique hypothetical risk strategy
was iteratively tested for sensitivity (proportion of TID cases detected) and specificity
20  (proportion of healthy controls excluded from autoantibody follow-up testing) on the WA
state data. A non-parametric ROC (receiver operating characteristic) curve was plotted
using sensitivity (percentage of T1D cases that would be detected by autoantibody
screening) versus 1-specificity (percentage of population screened genetically who would
receive follow-up autoantibody screening). A
25 Fig. | shows the results of sensitivity versus specificity for the computer strategy.
Due to the discrete nature of HLA haplotypes and genotypes, the curve is not continubus.
Many strategies resulted in the same specificity but differed in their sensitivity - only the
set of best strategies is presented (i.e. the highest sensitivity strategy for each given
specificity, the highest specificity for each given sensitivity. As can be seen from Fig. 1,
30 the best strategies had a specificity between 4-30%. As expected, higher sensitivities
were associated with lower specificities.
Fig. 2 is a graph of the cost per identified T1D case versus the prediction strategy
sensitivity. From this graph, it can be seen that identification of 60-70% of T1D offers
the best cost-effectiveness. Based on these cost considerations, haplotype screening

35  strategies which lead to detection of 60-80% of future T1D cases by performing follow-
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up autoantibody testing on 10-20% of the screened population were determined to be of
most interest.
Fig. 3 presents a subset of the strategies shown in Fig. 1, namely strategies that
achieved 60-80% of T1D cases detected within 10-20% of the population. Three of the
s most informative strategies are marked. These represent detection of 65.1% of future
TID cases by follow-up testing of 11.8% of the pediatric population for autoantibodies,
72.5% of cases by follow-up testing of 15.6% of children, and 76.0% of cases by follow-
up testing of 17.9% of children. The attractiveness of higher sensitivity must be weighed
against lower specificity, in this case the greater expense and invasiveness of following a
10 larger proportion of the general pediatric population for periodic autoantibody testing
during childhood.

EXAMPLE 2
The presence of one or more specific alleles in a biological sample is identified as
15 follows. The method comprises PCR amplification followed by oligonucleotide probe
hybridization using a commercially available time-resolved fluorescence (TRF) assay.
DNA.amplification by polymerase chain reaction (PCR) was performed using
either dried blood spot 1/8 inch punches or genomic DNA purified from whole frozen
blood (QiaAmp, Qiagen) as template. DBS were amplified 1n 96-well microtiter plates
20 by the PCR procedure. The reaction mixture was: DBS, 1XPCR buffer (16 mM
(NH4)2S0Qs, 67 mM Tris-HCL (pH'8.8 at 250C), 0.01% Tween 20), 5.5% glycerol, 2.0
mM MgCl,, 0.2 mM each of dATP, dCTP, dTTP and dGTP, 0.35 pM DQA1 primers and
0.25 pM DQB1 primer, 3.5 unit DNA polymerase (Bioline, MA, USA) and DNAase free
molecular grade water for a total volume of 100 ul. PCR primers for DQA1 were Biotin-
25  5°- TAT GGT GTA AAC TTG TAC CAG T-3’(sense; SEQ ID NO: 1), 5’-GGT AGC
AGC GGT AGA GTT G-3'(antisense; SEQ ID NO: 2). PCR primers for DQB1 were 5°-
GCA TGT GCT ACT TCA CCA ACG-3’(sense; SEQ ID NO: 3), Biotin-5’-CCT TCT
GGC TGT TCC AGT ACT-3'(antisense; SEQ ID NO: 4). PCR amplifications were
performed on automated PCR thermal cycler (PTC-200, Peltier thermal cycier, MJ
30 Research, New Jersey) with 34 cycles as follows: 10 minute at 95°C, followed by 34
cycles of 50 second at 95°C, 1 minute at 55°C, 1 minute at 72°C, then 5 minute at 72°C.
A small portion of the amplified mixture was evaluated by 2% agarose gel electrophoresis
10 verify successful amplification.
For the Time-Resolved Fluorescence (TRF) assay, 10 ul of biotinylated PCR

35  product was directly transferred to streptavidin-coated microtitration plates (Pierce),
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incubated with 50 ul of hybridization solution for 30 minutes at room temperature, and
denatured with 20 mmol/L. NaOH for 5 minutes at room temperature. The PCR products
were then hybridized for 2 hours with a mixture of three allele sequence-specific probes
(Delfia, Perkin-Elmer) that each carry a different lanthanide chelate (europium (Eu),
s samarium (Sm) or Terbium (Tb)). The probes were each used at a final concentration of
1.0 ng-1.5 ng/well). After incubation, stringent washes with wash solution (Delfia,
Perkin Elmer) were performed at 45°C, and 200 ul of enhancement solution (Delfia,
Perkin Elmer) was added to enhance the Eu and Sm fluorescence. Microtiter plates were
counted on a Victor® fluorescence counter (Perkin-Elmer Wallac Oy, Turku, Finland) to
10 measure the Eu and Sm TRF signals. Then 50 ul of enhancer solution (Delfia, Perkin
Elmer) was added prior to measuring the Tb-fluorescence, also on a Victor?
microtiterplate counter (Perkin-Elmer Wallac Oy). The details of the assay have been
described previously (13). The lanthanide chelates probes, hybridization buffer, washing
buffer, enhancement and enhancer were commercial reagents from PE-Wallac DELFIA
15 system (Wallac OY, Turku, Finland). We modified the three allele specific probes
combination of the multiplex assay to function accurately and cost-effectively for the
specific research goal for the T1D general population screen, for example using a mixture
of Eu-DQB1*05/06, Sm-DQB1*0301 and Tb-DQA1*0201. The DQB1*05/06 probe was
designed by Drs. Hagopian and Peng as 5’-Eu-CAG GGG CGG CT-3’ (SEQ ID NO: 5),
20 and then manufactured to their specification including Eu chelate labeling, by Perkin-
Elmer Wallac. An alternative probe al.so manufactured to specification including Eu
chelate labeling by Perkin-Elmer Wallac, was the DQB1*0503/0601 probe: 5’-Eu-GGC
GGC CTG ACG-3’ (SEQ ID NO: 6). The Sm-DQBI1*0301 and Tb-DQA1*0201 probes
are available from Perkin-Elmer Wallac as catalog items. In some strategies from Table
25 1, two sets of probes were used in parallel assays on separate microtiter plates, with each

set comprising up to three separate Lanthanide-labeled oligonucleotide probes.

While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various

30 changes may be made and equivalents may be substituted without departing from the true
spirit and scope of the invention. In addition, many modifications may be made to adapt

a particular situation, material, composition of matter, method, method step or steps, for

use in practicing the present invention. All such modifications are intended to be within:

the scope of the claims appended hereto.
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All of the publications, patent applications and patents cited in this application are
herein incorporated by reference in their entirety to the same extent as if each individual
publication, patent application or patent was specifically and individually indicated to be
incorporated by reference in its entirety.

5 SEQ ID NO: 1-6 are set out in the attached Sequence Listing. The codes for

nucleotide sequences used in the attached Sequence Listing, including the symbol "n,
conform to WIPO Standard ST.25 (1998), Appendix 2, Table 1.
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CLAIMS

We claim:

.1. A method for identifying an individual in need of follow-up testing for T1D, the method
comprising testing for the presence of a first HLA II allele, a second HLA II allele and a third
HLA II allele in a nucleic acid-containing sample obtained from the individual, wherein the
first allele is DQB1*0301, the second allele is DQA1*020X, and the third allele is selected
from the group consisting of:

(a) DQB1*0602/0603;
(b) DQB1*050X /060X; and
(c) DQA1*010X,
wherein X equals any integer and the presence of any one of the first, second and third alleles

indicates that the individual is not in need of testing for T1D.

2. The method of claim 1, wherein the third allele is DQB1*050X /060X or DQA1*010X
and the method further comprises testing for the presence of a fourth HLA II allele selected
from the group consisting of:

(i) DQB1*0604; and

(ii)) DQB1*0501,
wherein the presence of the fourth allele negates the use of the third allele to indicate that the

individual is not in need of follow-up testing for T1D.

3. The method of claim 1, further comprising testing for the presence of a fifth HLA II
allele, wherein the fifth allele is DQB1*0503/0601, and wherein the presence of any one of
the first, second, third and fifth alleles indicates that the individual is not in need of testing

for T1D.

4. The method of any one of claims | and 3, further comprising testing for the presence of a
sixth and/or a seventh HLA II allele, wherein the sixth allele is DQB1*0602/0603 and the
seventh allele is DRB1*0403, and wherein the presence of any one of the first, second, third,

fifth, sixth and seventh alleles indicates that the individual is not in need of testing for T1D.
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S. The method of any one of claims 1, 3 and 4 further comprising testing for the presence of
an eighth HLA II allele and a ninth HLA II allele, wherein the eighth allele is DQB1*0302
and the ninth allele is DQB1*02, and wherein the presence of any one of the first, second,
third, fifth, sixth and seventh alleles or the absence of any one of the eighth and ninth alleles

indicates that the individual is not in need of testing for T1D.

6. The method of claim 5, further comprising testing for the presence of a tenth HLA II
allele, wherein the tenth allele is DQB1*040X and wherein the presence of the tenth allele
negates the use of the ninth allele to indicate that the individual is in need of follow-up

testing for T1D.

7. The method of any one of claims 1-6, wherein the presence or absence of the first
HLA II allele, the second HLA II allele and the third HLA II allele in the nucleic acid-
containing sample is determined by: ' |

(a) amplifying DNA in the sample using oligonucleotide prifners specific for
exons two of HLA DQB1! and DQALI loci to provide amplified DNA; and '

(b) contacting the amplified DNA with oligonucleotide probes specific for the
first HLA II allele, the second HLA II allele and the third HLA II allele for a period of time
sufficient for the oligonucleotide probes to hybridize to the first HLA II allele, the second
HLA 1I allele and the third HLA II allele. '

8. The method of claim 7, wherein the oligonucleotide probes are labelled with a

detection reagent.

9. The method of claim 8, wherein each of the oligonucleotide probes is labelled with a
different detection reagent, and the amplifiecd DNA is contacted with each of the

oligonucleotide probes simultaneously.

~

10.  The method of claim 7, wherein the oligonucleotide probes are immobilized on a

solid substrate.

27129



WO 2009/126740 PCT/US2009/039958

11. The method of any one of claims 1-6, wherein the presence or ‘absence of the first
HLA II allele, the second HLA II allele and the third HLA II allele in the nucleic acid-

containing sample is determined using restriction-fragment length polymorphism.

12. The method of any one of claims 1-11, wherein the nucleic acid-containing sample is

selected from the group consisting of: blood, urine, saliva and sera.

13. A kit for use in the method of any one of claims 1-12, the kit comprising:
(a) oligonucleotide probes specific for the first HLA II allele, the second HLA 11
allele and the third HLA I allele; and

(b) instructions for their use.

14. A microarray for use in the method of any one of claims 1-11, comprising
oligonucleotide probes specific for the first HLA I allele, the second HLA II allele and the
third HLA II allele, each oligonucleotide probe being immobilized in a predefined location

on the surface of a solid substrate.
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