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The major genetic susceptibility to coeliac disease is contributed by the human leukocyte antigen (HLA) region. The primary
association is with the HLA-DQ2 molecule, encoded by the DQA1*05 and DQB1*02 alleles, which is expressed by over 90% of
patients. The aim of our study was to perform an extensive scan of the entire HLA region to determine whether there is
evidence for the presence of additional HLA susceptibility genes for coeliac disease in the Dutch population, acting
independently of DQ2. In all, 16 microsatellite markers and the DQA1 and DQB1 genes were genotyped in simplex cis
DQ2-positive coeliac disease families and cis DQ2-positive control families. Allele frequencies of markers on phase-known
DQ2-positive haplotypes transmitted to patients were compared to a combined group of DQ2-positive nontransmitted and
control haplotypes, thereby controlling for the DQ2 contribution. No significant differences at any of the marker loci were
detected, suggesting that DQ2 is the major HLA risk factor for coeliac disease. Individuals homozygous for DQ2 or
heterozygous for DQA1*05-DQB1*02/DQA1*0201-DQB1*02 were found to be at five-fold increased risk for development

of coeliac disease (P< 10-%). This risk seems to be conferred by the presence of a second DQB1*02 allele next to one
DQAT1*05-DQB1*02 haplotype, independently of the second DQAT1 allele.
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Introduction

Coeliac disease is a common food intolerance in humans,
with a prevalence estimated to be as high as 0.5-0.3% in
the Netherlands."? The disease is characterized by
lesions of the small intestine with partial to total villous
atrophy, crypt hyperplasia and invasion of lymphocytes
into the gut epithelium and lamina propria.®>* The main
clinical symptoms include chronic diarrhoea and growth
retardation, but abdominal pain, anaemia, osteopenia
and chronic fatigue may also occur.®> However, most
patients show only some of these symptoms, while
others are monosymptomatic or have no symptoms at
all. Coeliac disease is caused by dietary intake of gluten
peptides from wheat and related proteins from barley
and rye. A gluten-free diet usually results in the recovery
of the small intestinal lesions and disappearance of the
clinical symptoms.
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Coeliac disease is strongly associated to the human
leukocyte antigen (HLA) region. It has been well
established that the primary association is with HLA-
DQ2, with over 90% of patients expressing this mole-
cule.® There is substantial evidence for involvement of
DQ2 in coeliac disease pathogenesis. Gluten-derived
peptides are modified by the enzyme tissue transgluta-
minase, which improves binding to DQ2 on the surface
of antigen-presenting cells. These complexes are recog-
nized by gluten-specific T cells isolated from small
intestinal tissue of coeliac disease patients.”® Most of
the DQ2-negative patients express the HLA-DQS8 mole-
cule, which is also capable of binding gluten-derived
peptides with subsequent activation of gluten-specific T
cells.”

The heterodimeric DQ2 protein is encoded by the
HLA-DQAT1*05 and HLA-DQB1*02 alleles, in either the
cis or the trans configuration. In North European
populations, the DQA1*05 and DQB1*02 alleles are
frequently present on the extended HLA-B8-DR3-DQ2
haplotype.>® This haplotype has also been shown to be
associated with other autoimmune disorders, including
type I diabetes mellitus, systemic lupus erythematosus,
Graves’ disease, Hashimoto’s disease and myasthenia
gravis, suggesting that the genes on this haplotype are
involved in autoimmunity in general (for a review, see
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Candore et al'®). In coeliac disease, it was shown that
different DQ2 genotypes account for different disease
risks. In particular, the homozygous DQA1*05-
DQB1*02/DQAT1*05-DQB1*02 (DR3/3) and the hetero-
zygous DQA1*05-DQB1*02/DQA1*0201-DQB1*02 (DR3/7)
genotypes were shown to be associated with increased
risk."'4

The extended HLA-DR3-DQ2 haplotype includes
many other genes that play a role in the immune
response and it cannot be excluded that another HLA
gene also confers increased risk to coeliac disease. The
HLA region is known to display extensive linkage
disequilibrium (LD). Therefore, one may expect that
specific alleles at various loci in this region will show an
increased frequency in coeliac disease patients, not
because these alleles enhance or complement the DQ2
risk, but simply because they are in LD with DQ2.
However, it has been suggested that non-class II loci also
predispose to coeliac disease, independently of DQ2.'52!

The aim of this study was to test whether there was
evidence for the presence of additional HLA suscept-
ibility loci for coeliac disease on DQ2-positive haplotypes
from patients of Dutch origin. In all, 16 markers,
covering the entire HLA region and flanking regions,
were genotyped in simplex coeliac disease and in control
families. In this way, phase-known DQ2-positive haplo-
types from cases and controls could be generated and
tested for association. In addition, the effect of different
DQ2 genotypes to coeliac disease risk was evaluated.

Results

Comparison of microsatellite marker loci on DQ2-
positive haplotypes

Allele frequencies of all 16 microsatellite markers were
determined on the 150 transmitted (T) and 36 non-
transmitted (NT) DQ2-positive haplotypes from the case
families and on the 103 DQ2-positive haplotypes from
the control families. The overall allele distribution was
not significantly different between T haplotypes and the
combined group of NT and control haplotypes at any of

the marker loci (data not shown). The most frequent
allele on the T haplotypes was determined and the
frequency of this allele was compared to the combined
group of NT and control haplotypes (Table 1). These
alleles are markers of the B8-DR3-DQ2 haplotype,
characterized by alleles TNFa*2, MICB*10, MICA*3 and
MIB*11.2>** This haplotype is the major DQ2 haplotype
in patients and controls, with a frequency >75%. No
evidence for significant association of these B8-DR3-
DQ2-specific alleles was found. Other alleles with a
frequency of 10% or more were also tested for association
with coeliac disease (Table 2). These less frequent alleles
could be compared for eight markers, but no significant
evidence for association with coeliac disease was found.
Only one marginally significant result was obtained for
allele 4 of marker D652707, but the significance was lost
after correction for multiple testing.

Conditional extended TDT (CETDT)

CETDT analysis in the case families, conditioned on
DQ2, did not detect any alleles at the marker loci that
showed significant distortion of random transmission.

Effect of different DQ2 genotypes

The DQ2 genotypes carried by the 110 DQ2-positive
cases and 93 DQ2-positive controls are shown in
Table 3. The homozygous DQA1*05-DQB1*02/DQAT1*05-
DQB1*02 (DR3/3) and heterozygous DQA1*05-DQB1*02/
DQA1*0201-DQB1*02 (DR3/7) genotypes both conferred
a five-fold increased risk for coeliac disease. Homozygo-
sity for DQB1*02 was strongly associated with coeliac
disease (P<107%).

Discussion

We investigated whether there was support for the
presence of additional risk factors for coeliac disease in
the HLA region, independent of DQ2 (ie DQA1*05-
DQB1*02). As the HLA region exhibits strong LD, several
approaches have been suggested to correct for this.
Initially, a homozygous parent transmission disequili-

Table 1 Comparison of the most frequent allele of each microsatellite marker on DQ2-positive haplotypes transmitted (T) and non-

transmitted (NT) to patients and on control haplotypes

Locus Allele (bp) T (N=150) NT (N=36) Controls (N=103) NT+controls (N=139) P-value T vs NT+controls
D65291 2 (201) 57 13 44 57 0.60
D65S2414 2 (170) 93 24 53 77 0.19
TAP1 3 (192) 106 26 66 92 0.27
STR2 6 (108) 127 28 81 109 0.19
D6S273 7 (140) 110 22 82 104 0.62
TNFa 2 (104) 121 24 86 110 0.67
MICB 10 (292) 114 24 77 101 0.68
MICA 3 (187) 117 26 79 105 0.83
MIB 11 (354) 106 26 78 104 0.64
STR1 6 (127) 110 26 76 102 0.73
D652700 3 (227) 109 30 72 102 0.36
D652704 7 (165) 75 17 56 73 0.73
D6S2707 9 (312) 83 20 56 76 0.78
D65105 5 (119) 65 13 44 57 0.70
D652223 3 (170) 110 25 75 100 0.75
D651281 4 (194) 39 7 27 34 0.67

*No significant differences were observed when comparing T vs NT haplotypes or T vs control haplotypes separately.

Genes and Immunity



brium (TDT) was applied, in which only transmissions
from parents homozygous for DQ2 and heterozygous at
the test locus were included in the analysis.** This
approach was later extended to a case-control design, in
which only DR3 homozygous cases and controls were
included.? Although both methods control elegantly for
the existing LD, they have very little power. Only
individuals homozygous for DQ2 or DR3 are informa-
tive, which leads to the exclusion of the majority of the
data set. Recently, a TDT approach using affected family-
based controls (AFBAC) was applied to two large data
sets of coeliac disease families.'>'? This approach allows
for the construction of phase-known haplotypes, in
which transmitted (T) DQ2-positive haplotypes are
compared to non-transmitted (NT) DQ2-positive haplo-
types. A major advantage is that all DQ2-positive

Table 2 Comparison of other alleles with frequencies >10% on
DQ2-positive haplotypes in cases T and a combined group of NT
and control haplotypes (NT+controls)

Locus Allele (bp) T (N=150) NT+controls P-value
(N=139) T vs
NT+controls
D65291 1 (199) 38 34 0.86
6 (209) 15 16 0.68
D6S2414 3 (174) 34 39 0.30
TAP1 2 (190) 28 34 0.15
MICB 1(272) 15 13 0.89
D652704 8 (167) 23 17 0.42
D6S2707 4 (302) 18 6 0.0237
D6S105 6 (121) 15 8 0.18
7 (123) 21 28 0.16
8 (125) 18 10 0.17
D651281 5 (198) 37 27 0.23
6 (202) 30 35 0.33

*This P-value is not corrected for multiple testing.
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haplotypes are included in the analysis. However, less
than 20% of DQ2-positive haplotypes were NT, so it
requires a rather large data set to provide sufficient
power.'>"?

In view of all this, we chose to use a combined case—
control and AFBAC approach, as well as CETDT, to
maximize the power of our data set, which is of
moderate size. By also genotyping the parents of cases
and children of controls, we were able to obtain phase-
known haplotypes in both groups. Hence, all the DQ2-
positive haplotypes could be used in the case—control
analysis. The AFBAC DQ2-positive haplotypes were
combined with the DQ2-positive control haplotypes into
one control group. This is a valid approach, as AFBAC
controls were shown to be comparable to population
controls.?® Also, no significant differences in the allele
frequencies between the AFBAC and population controls
were observed at any of the 16 marker loci in our data set
(data not shown). This case—control design greatly
increased the power of our study, as an AFBAC case-
control approach would have resulted in only 36 DQ2-
positive control haplotypes, compared to 139 when using
the combined group of AFBAC and control haplotypes.

We performed an extensive scan of the HLA region
using microsatellite markers, but no evidence for
independent association between any of the loci and
coeliac disease was found. Likewise, no significant
differences were present when comparing T and NT
haplotypes, or T and control haplotypes separately (data
not shown). When analysing the data by the homo-
zygous parent TDT, which included only transmissions
by parents homozygous for DQ2, only 29 transmissions
could be scored. This resulted in too little transmissions
of each allele to obtain sufficient power for statistical
analysis, but increased transmission of marker alleles in
the TNF/MIC gene region was observed (MICB*10, 7T vs
1 NT, TNFa*2, 7T vs 1 NT; data not shown).

Three other extensive screens of the HLA region in
search for additional risk loci have been performed in

Table 3 DQ2 genotype frequencies in cis DQ2-positive coeliac disease patients and controls

DQ?2 genotype* DR type® Cases (N =110) Controls (N=93) P-value* OR (95% CI)¢
DQA1*05-DQB1*02/ DR3/3 40 (36%) 10 (11%) 0.00002 5.54 (2.5-12.1)
DQAT1*05-DQB1*02

DQAT1*05-DQB1*02/ DR3/7 24 (22%) 6 (6%) 0.002 5.31 (2.1-13.5)
DQA1*0201-DQB1*02

DQAT1*05-DQB1*02/ DR3/4 7 (6%) 13 (14%)

DQA1*0301-DQB1*0302

DQA1*05-DQB1*02/ DR3/5 3 (3%) 10 (11%)

DQA1*05-DQB1*0301

DQA1*05-DQB1*02/ DR3/X 36 (33%) 54 (58%) Reference

DQAT1*X-DQB1*X

“Haplotypes are phase known as parents or children were also genotyped. DQA1*X-DQB1*X refers to any haplotype except those listed in

this table.

PDR genotype was not acquired but derived from alleles at the DQA1 and DQB1 locus. X refers to anything except DR3, 4, 5 or 7.
“P-values for association with coeliac disease were calculated by testing each DQ2 genotype against all other DQ2 genotypes. P-value for the

presence of two DQB1*02 alleles <10-*.

40dds ratios were calculated relative to the DR3/X type as reference. OR for the presence of two DQB1*02 alleles =5.68 (95% CI 2.9-11.2).
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coeliac disease. Two of them did not find significant
association, independently of DQ2, at any of the
microsatellite loci either.’>?” However, a trend towards
association within the TNF/MIC gene region was
observed.?” The presence of an additional risk locus in
the MIC gene region was also suggested by the third
study.'” Association of the MICA gene polymorphism in
a DQ2-positive population has been reported twice, but
the control DQ2 groups were small in both studies.’®'” In
addition, independent association of a single-nucleotide
polymorphism (SNP) in the TNF gene region has been
reported by several groups.'®' These results indicate the
possibility of additional HLA risk loci in the TNF/MIC
gene region. However, there is a possibility that a SNP
conferring increased disease risk may not be detected by
the association of nearby microsatellite markers because
of their high mutation rate. Therefore, SNPs may be the
preferred type of polymorphism for studying the
presence of additional HLA susceptibility loci. These
SNPs should be genotyped in large collections of phase-
known DQ2-positive patients and controls to provide
unambiguous evidence.

The presence of an independent, additional risk locus
for coeliac disease, located telomeric to the HLA class I
region, has been suggested in a case—control study using
DR3 homozygous patients and controls.®> Allele 3 of
marker D652223 was significantly less frequent in cases.
However, we were unable to confirm these findings in
our data set. Furthermore, we found no evidence for the
association of allele 3 in an unstratified analysis of both
case—control (76 vs 74%, P =NS) and TDT (43T vs 39 NT,
P =NS) data (data not shown). Three other studies, all
using large data sets, were also unable to confirm the
association of D652223 with coeliac disease.'>'**” These
results indicate that it is unlikely that a gene near
D652223 predisposes to coeliac disease. The previously
reported association may have occurred by chance due to
the rather small sample size of 46 patients.

The majority of the DQ2-positive haplotypes in cases
and controls consisted of B8-DR3-DQ2 haplotypes (see
also Table 1).>>** We were therefore unable to determine
whether there was a locus specifically associated with
coeliac disease on other backgrounds. For example, the
B18-DR3-DQ2 extended haplotype, characterized by
alleles TNFa*1, MICB*1, MICA*1 and MIB*1, was rare
in our cohorts with nine T, one NT and five control
haplotypes (data not shown).?>?* This haplotype is
carried by 84% of DQ2-positive Sardinian coeliac disease
patients, and this population is therefore more suitable
for studying the presence of additional HLA risk loci on
B18-DR3-DQ2 haplotyes.?®

In addition to our search for the presence of additional
non-class II HLA loci, our data set also enabled us to
establish the risk of different DQ2 genotypes to coeliac
disease in the Dutch population. Homozygous DQA1*05-
DQB1*02/DQA1*05-DQB1*02 and heterozygous
DQAT1*05-DQB1*02/DQA1*0201-DQB1*02  individuals
were at five-fold increased risk. This risk seems
attributed by the presence of a second DQB1*02 allele
and appears to be independent of the second DQA1
allele, since the odds ratio for homozygosity of DQB1*02
is almost equal to those for both risk genotypes. Similar
risks were observed in other populations, although these
studies were conducted in an ordinary case—control
setting, in which haplotypes had to be estimated.'>'¢
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Recently, a family-based study using phase-known
haplotypes also demonstrated increased risk for these
two genotypes." A possible explanation for the increased
risk may reside in the number of DQ molecules capable
of gluten presentation that arise from each genotype. The
homozygous DQA1*05-DQB1*02 genotype produces
100% DQ2 molecules. The heterozygous DQA1*05-
DQB1*02/DQA1*0201-DQB1*02 genotype produces only
50% DQ2 molecules and the other 50% is comprised by
the «1*0201-f1*02 heterodimer. However, the «1*0201-
B1*02 molecule was shown to be able to present certain
gluten epitopes to T cells as well, thereby implicating this
molecule in the pathogenesis of coeliac disease.*” The
DQA1*05 DQB1*02/DQA1*X-DQB1*X genotype results
in just 25% DQ2 molecules, which may account for the
lower disease risk of this genotype.

In conclusion, this study is the first case—control study
in coeliac disease using phase-known DQ2-positive case
and control haplotypes. We were not able to find support
for the presence of an additional HLA susceptibility
gene, acting independently of DQ2. We were able to
confirm the increased risk conferred by homozygosity
for the DQB1*02 allele, which is most likely due to a
combination of the percentage of DQ2 molecules
expressed and the gluten-presenting capacity of the
heterodimer encoded by DQA1*0201 and DQB1*02.

Subjects and methods

Subjects

The case families consisted of 120 unrelated DQ2-
positive coeliac disease patients with both parents
available. The patients had a mean age of 17 years and
65% were female. The diagnosis of all patients was
confirmed by histological re-evaluation of the initial
small intestinal biopsy specimens (JWRM). All patients
presented with partial to total villous atrophy in the
presence of intraepithelial lymphocytosis and crypt
hyperplasia. Control DQ2 haplotypes were derived from
86 control families without a history of coeliac disease.
These families contained patients suffering from either
attention-deficit hyperactivity disorder, schizophrenia or
vesicouretheral reflux. The family history for other
autoimmune disorders is unknown. The control families
were selected for the presence of at least one parent
carrying DQ2 in cis and also consisted of one child and
both parents. The DQ2-positive controls had a mean age
of 48 years and 50% were female. Individuals from the
case and control families were all Caucasians of Dutch
origin. The study was approved by the Medical Ethics
Committee of the University Medical Centre Utrecht and
written informed consent was obtained from all the
participants.

Genotyping the HLA loci

A total of 18 loci were genotyped in the case and control
families (Figure 1). The DQA1 and DQB1 genes were
typed as described before, and primer sequences are
provided in Web Table A (see Supplementary Informa-
tion).* In all, 14 microsatellite markers, spanning the
entire HLA region, and two flanking markers (D65291
and D651281) were amplified in multiplex PCR reactions
(Figure 1). Primers sequences were obtained from the
Genome Database (www.gdb.org), except for markers



Contribution of the HLA region to coeliac disease
MJ van Belzen et al

e

219
[ Dss2414 | stR2 || DOA | [7wFa | [mica] [ s7R1] [ pesz2o4 | [ pss1os || pesrzs |
[
[ oeszer ||| ap1 || a8 | | pesers || mics | miB
| , i AN | 1 1 1 gl Ly
77 r] P H 77 r| 7/——77
Centromer Telomer
TAP1 ||| DA TNF [ mic || [ HLaB HLAE HLA-G
3281 ||| 3261 3160 | 3153 || | 31.35 30.51 29.85
DQB1 | | DRBY LTA | | mica HLA-C HLA-A HLA-F
3263 | | 32.48 3159 | | 31.43 31.29 29.97 2975
H_J H_J ~— g
—_—

Class Il Class Il

Class |

Figure 1 Overview of major genes in the HLA region and marker loci from this study. Vertical bars indicate genes, with names and locations
depicted in the lower half of the figure. The location of the genes is in Mb and was based on the June 2003 release of the Ensembl human
genome map. Marker loci are depicted in italics in the upper half of the figure.

STR1, STR2, MICB, MIB, TNFa and TAP1, which were
designed in our lab (Web Table A, see Supplementary
Information). Primer sequences for all loci were blasted
against the Ensembl database (June 2003 release) to
determine the correct order of the loci. The PCR reaction
volume of 10 ul contained 25ng of DNA, 0.2 mm dNTPs,
2.5 mm MgCl,, 50 ng of each fluorescence-labelled primer
and 0.4 U AmpiTaq Gold (PE Applied Biosystems, Foster
City, CA, USA). The PCR products were pooled and
separated on a 3700 DNA sequencer and analysed by
Genescan 3.5 and Genotyper 2.0 software (all from PE
Applied Biosystems, Foster City, CA, USA). All geno-
types were checked independently by two researchers
(MJvB and AFJB).

Statistical analysis

Phase-known haplotypes from the case and control
families were constructed with the SHOWHAPLO
program (F Dudbridge; available from ftp.hgmp.mrc.a-
c.uk/pub/linkage). Four patients turned out to be DQ2
positive, but in the trans configuration. The aim of this
study was to test for the presence of additional risk loci
on DQA1*05-DQB1*02 haplotypes, and the trans DQ2-
positive patients were therefore excluded from the
analysis. Six of the 116 cis DQ2-positive patients were
not informative at either the DQA1 or DQBI1 locus,
resulting in 110 informative case families that were
eventually included in the analysis. These 110 cases
carried in total 150 DQ2-positive haplotypes (T haplo-
types), while 36 DQ2-positive haplotypes were not
transmitted to the cases (NT haplotypes). The control
families contained 93 cis DQ2-positive parents who
carried together 103 DQ2-positive haplotypes (control
haplotypes).

Allele frequencies at the 16 microsatellite marker loci
were determined on the T, NT and control haplotypes.
The overall allele distribution on NT haplotypes was
compared to the control haplotypes. There were no
significant differences at any of the marker loci and these
two groups of control haplotypes were therefore com-
bined into one large control group to increase the power
of the analysis. The marker loci were tested for
association with coeliac disease by comparing the overall
allele distribution on T haplotypes to the combined
group of NT and control haplotypes. In addition, alleles
with a frequency >10% were tested separately for
association. Statistical significance was determined by
%> analysis. TDT analysis, conditioned on the presence of

DQ2, was performed in the case families by the CETDT
program.>'

The effect of DQ2 genotype to coeliac disease risk was
determined in cases and controls. Association of the
different DQ2 genotypes was tested for significance by »*
analysis with 1df, by testing each DQ2 genotype against
all other DQ2 genotypes. Odds ratios were calculated
using Woolf’s method with Haldane’s correction relative
to DQA1*05-DQB1*02/DQA1*X-DQB1*X (DR3/X) as
reference genotype.
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