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Abstract

Background & Aims—Celiac disease (CD) is a chronic inflammatory disorder of the small
intestine that is strongly associated with certain HLA molecules encoded by DQA and DQB genes.
The aim of this study is to examine the role of DQA and DQB alleles in determining the risk for and
the age of onset and severity of CD in an American population.

Methods—High-resolution class 2 HLA genotyping was performed in a population-based sample
(n=84) of Southeastern Minnesota residents with CD and a comparable control group (n=102) to
determine the contribution of DQA and DQB alleles to disease risk. Logistic regression modeling
was used to examine the relative and absolute risk of CD.

Results—Ninety-seven percent of CD patients carried both of the HLA alleles, DQA1*05 and
DQB1* 02. Those who carried a second allele of DQB1*02 were 5 times more likely to have CD as
those with just one (95% Cl:1.4-18.1). The carriage of 2 copies of DQB1*02 did not predict either
an earlier age of onset or severity of disease.

Conclusions—Both HLA alleles DQA1*05 and DQB1* 02 are associated with a greatly increased
risk of CD, though the latter has the greater effect. Carrying 2 copies of DQB1*02 was associated
with an even greater risk for disease but did not predict an earlier age of onset and diagnosis or disease
severity. Assessing the copy number of the DQB1*02 allele may allow for the stratification of disease
risk.
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INTRODUCTION

Celiac disease (CD) is a chronic inflammatory disorder affecting the proximal small intestine
that, in susceptible people, results from the mgestlon of gluten and related proteins found in
cereal grains such as wheat, barley and rye.*+4 3 CD is characterized by small intestinal
mucosal inflammation resulting from a genetically-based intolerance to ingested gluten. 4-6
Thus, CD is strongly associated with the extended HLA-haplotypes, B8, DR3, DQ2 but most
spe0|f|cally the alleles DQA1*05 and DQB1* 02 that, together, encode the serotypes DQ2. 7,

Slblmgs who share the DR3-DQ2 haplotypes have a substantlallal greater likelihood of
concordance with CD than the general estimated risk for siblings.” A small percent of CD
patients are DQ2 negative. These are usually DR4 positive and carry the alleles, DQA1*03
and DQB1*0302, that encode the class 2 antigen, DQ8.10

While it has been estimated that these class 2 HLA genotypes (DQA1*05:DQB1*02 and
DQA1*03:DQB1*302) contribute only 40% of the genetic risk in families, it appears that these
HLA alleles are virtually required for CD to occur in individuals originating in Caucasian
populations. 11,12 Recently, it has become apparent that the incidence and prevalence of CD
in the United States are no different from that found in European countries. 13,14 However,
it is not clear what degree of risk is conferred by HLA class 2 genes in the ethnically more
heterogeneous population of the United States, as compared to the historical ethnic and
presumablly %enetic homogeneity of most European countries in which this issue has been
studied. 1 In particular, HLA genotyping has been used as a “rule out” test for CD in
certain at-risk populations, such as patients with Down’s syndrome and family members of
those affected with CD, but the recent introduction of commercially available HLA genotyping
specifically directed at assessing CD risk allows us to address whether associations based on
ethnically more homogenous European populations apply to the ethnically mixed patients of
this country S One recent study suggested that DQ8 may be more common in CD patients
from the East Coast United States than in a French cohort. 16

While it appears that carriage of these HLA alleles is permissive for CD, studies based on DR
typing suggested that a double dose of DR3 (often associated with DQ2) may be associated
with a higher risk. 1718 The data usmg direct DQ genotyping are limited to studies in European
and North African countries.19-22 There is also some evidence of a dosage effect of these
genes: Studies in predominantly pediatric Norwegian and Sardinian populations suggested that
those who are homozygous for DQB1*02 in the resence of DQA1*05 have a higher risk of
developing CD and do so with greater severlty 1 A second study from Spain suggested
that a double dose of DQB1* 02 was associated Wlth earller age of onset and shorter delay to
diagnosis. 25 However, this is not a universal flndlng 2 There is also substantial heterogeneity
in the HLA risk associations between northern and southern European populations. 26 |t is not
known what role gene dosage of DQB1*02 alleles plays in the ethnlcally diverse United States
population in which CD seems to present predominantly in adulthood.L

The aims of this study were to quantify the effect of DQA1*05 and DQB1* 02 alleles on the
risk for, the severity, and age of onset of CD in an ethnically mixed but geographically
circumscribed, predominantly adult North American population.

METHODS

Study Setting

This was a genetic epidemiology study performed in a geographlcall restricted area for which
the incidence and prevalence of CD has already been determined.14 OImsted County isa
medically well-defined population in the upper Midwest. Until recently the population was
almost entirely composed of Caucasians of European extraction. The ethnic mix of the
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population of Southeastern Minnesota is largely the same as that in Olmsted County. The Mayo
Clinic is a large tertiary referral center that also provides secondary referral for patients with
gastrointestinal problems and also has provided care for most community-based cases of CD
in the geographic region of Southeastern Minnesota.

Study Subjects

Subjects with CD were recruited from those identified by the Rochester Epidemiology Project
with a potential diagnosis of CD made between January 1, 1950 and December 31, 2001. 27
The cases include at least 90% of known celiacs resident in Olmsted County, Minnesota on
December 31, 2001. Additionally, the membership rolls of the local CD support group and the
records of the Mayo Clinic Department of Pathology and Laboratory Medicine were
scrutinized. Additional patients were recruited from the attendees at the CD clinic and the
pediatric gastroenterology clinics of the Mayo Clinic. All subjects were residents in Olmsted
County (n=47) or the contiguous counties of Southeastern, Minnesota (n=37).

The complete inpatient and outpatient medical records of each candidate case were reviewed,
as were the biopsy slides of the small intestinal samples taken at the time of the original
diagnosis. The following information was obtained by abstraction of the contemporary records
or by application of a validated gastrointestinal questionnaire. : 1) clinical features, at or
preceding diagnosis such as diarrhea, weight loss, body mass index, steatorrhea, iron deficiency
anemia, neuromuscular symptoms, bone disease, and dermatitis herpetiformis; 2) clinical and/
or histological improvement after gluten-free diet; and 3) anti-endomysial, anti-gliadin and
anti-reticulin antibody status, if performed. Intestinal biopsies were reviewed for all subjects
prior to inclusion, thereby reducing the dependency on external reports of biopsy results and
the attendant risk of an incorrect diagnosis. Histology was categorized into those with partial
villous atrophy or total villous atrophy. The grading was based on the greatest degree of
morphological change apparent in well-oriented samples.

To be defined as CD, each case was required to have: 1) proximal small intestinal biopsies
compatible with CD and 2) clinical and/or histological improvement with a gluten-free diet
fulfilling the accepted criteria for CD.28 If more than one member of a family was affected
with CD, only the first clinically apparent member of the family was used.

Age at onset was the age at which the patient first complained of symptoms subsequently
explained by CD. Age at diagnosis was established as the date of the interpretation of the initial
pretreatment intestinal biopsy. A clinically ‘severe’ onset was defined as a presentation that
included at least a 10-pound weight loss accompanied by diarrhea and/or steatorrhea.

The controls consisted of 102 healthy adult blood donors recruited from Olmsted County. All
denied and had no history of Gl or other chronic disease. Subjects and controls were unrelated.
The ethnic background is known based on self-assessment report of the country or region of
origin of grandparents or more distant forebears if not Native American in origin. Their ethnic
backgrounds were similar to those of our patient population, including varying mixtures of
German, French, English, Norwegian, Irish, Polish, Bohemian, Dutch, Swiss, Danish, Scottish
and Swedish). Fifty-nine subjects were women (58%), and their mean age was 40+1 years
(range, 26-68 years). Each had indicated the absence of major illness on a standard blood-
donation questionnaire.

The study was approved by the institutional review boards of both the Mayo Clinic and the
Olmsted Medical Center.
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HLA Class 2 Testing

Complete HLA typing for DR and DQ alleles was performed using DNA extracted from
peripheral blood. Typing methodology was polymerase chain reaction with sequence-specific
primers (PCR-SSP), low resolution (One Lambda, Canoga Park, CA) and high resolution
(Genovision, West Chester, PA).29

Statistical Analysis

Logistic regression was used to assess the association between CD status (y/n) and HLA types
after adjusting for gender. One model included predictors indicating presence of DQA1*05 (y/
n) and DQB1*02 (y/n). A second model used predictors indicating both DQA1*05 (y/n) and
DQB1*02 alleles present (y/n) and one present (y/n). A third model included variables
indicating the number of DQB1*02 alleles (one allele [y/n] and two alleles [y/n]). Odds ratios
and predicted probabilities for having CD (and 95% CI’s) were computed from the logistic
regression model coefficients. The estimated odds ratios from these models comparing HLA
subtypes can be used as estimates of relative risk, considering that the risk of CD is small.
Pearson’s chi-square test (or Fisher’s exact test as appropriate) was used to measure the
association between DQB1*02 gene dosage and clinical CD severity (severe vs. not severe)
and endomysial antibody titer. To test whether DQA1*05 or DQB1*02 was a better predictor
of CD, we compared their sensitivities and specificities using McNemar’s test (or an exact
binomial test as appropriate). Exact binomial 95% CI’s were computed for the sensitivities.
Finally, linear regression was used to assess the association between diagnosis age and age of
onset of clinical symptoms/ signs of CD, and the number of copies of DQB1*02. All hypothesis
tests were done at the 0=0.05 level.

We estimated the number of non-celiac Caucasian men and women residing in Olmsted County
based on the 2000 census and our previous ascertainment of those with CD residing in the
community on December 15t2001. 14 We had previously identified known frequencies of HLA
type combinations (D%A*OS [y/n] and DQB*02 [y/n]) in this community among healthy
normal blood donors. 30:31 we approximated the number of Olmsted county residents with
each HLA type combination using the published rates among the general population and the
observed rates in our study for the CD cases. From these totals, we estimated the rate of
diagnosed CD per 100,000 in the county. Exact 95% binomial confidence intervals (CI) were
calculated for the prevalence rates. We used a similar method to estimate the prevalence of CD
(per 100,000) based on the number of DQB1*02 alleles a person carries. Again, we used the
total number of Caucasian people residing in Olmsted County in 2000, distinguished by gender
and celiac diagnosis. We also used the observed DQB1*02 frequencies from the blood donor
controls in our study and pooled them with controls from another study, which investigated
the immunization reaction of school children within Olmsted County. 32 since blood donation
rates are high in Olmsted County, we presumed that the HLA demographics of the blood donors
reflected those in the local general population. Exact 95% binomial CI’s were again computed
for the resulting CD rates.

RESULTS

Demographics of the study population

Demographics of CD cases and controls were generally similar except that the celiac patients
had a preponderance of females compared to controls (73.8 vs. 58.8%) and were largely adults
at diagnosis (median age, 49 years, range 0-84). This CD cohort included 3 subjects with Type
1 diabetes mellitus, 6 with dermatitis herpetiformis and 5 subjects with malignancies, none of
which affected the Gl tract. A single individual had Down’s syndrome. No patients had
refractory sprue or developed lymphoma during their period of followup. Essentially all
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subjects cases and controls alike, attested to an ethnically mixed European background with
ancestors originating in two or more European countries.

Distribution of HLA Class 2 Genotypes

The distribution of HLA DQA:DQB genotypes in CD cases and controls is shown in Table 1.
Seventy-nine of 84 patients with CD had at least one copy each of DQA1*05 and DQB1*02.
Ten of these 79 had DQA1*05:DQB1*02 and DQA1*0301:DQB1*0302 as compared to just
one of 102 controls with this combination. Just 3 of 84 had DQ1*0302 without
DQA1*05:DQB1*02 , though 2 of these had DQA1*0201:DQB1*02. One subject had 2 copies
each of DQA1*0201 with 2 copies of DQB1*02, and a single subject had neither DQA1*05:
DQB1*02 nor DQA1*0301:DQB1*0302 despite carefully validated CD (Table 1).

In all, 34 subjects with CD had 2 copies of DQB1*02 as compared to only 4 controls. Most
celiacs who have 2 copies of DQB1*02 do not have 2 copies of DQA1*05 as the accompanying
allele. High resolution typing of the DQB alleles indicated that the second DQB1 allele was
as often DQB1*0202 as DQB1*0201. (Table 2). However for the purpose of analysis, we have
considered the dose of DQB1* 02 without distinguishing which allele of DQB1*02 was
present.

Risk associated with DQB1*02 and DQA1*05

We examined the association between CD and HLA types using three different models, each
adjusted for gender: In Model 1, the presence of DQA1*05 (vs. not) and DQB1*02 (vs. not)
were significantly and independently associated with an increased odds of having CD (p<0.01,
Table 3). In model 2, the presence of both HLA alleles (vs. none) was associated with a higher
rate of CD (p< 0.0001), but having only one (of the two) was not significant (p= 0.43). Further,
having both DQA1*05 and DQB1*02 versus having only one or the other was associated with
increased risk of CD (p<0.0003) (Table 3) Model 3, after adjusting for DQAQS5, the number of
copies of DQBO2 is associated with CD risk; two copies of DQBO02 is associated with a higher
odds of having CD, than one copy (p=0.021). (Table 4). Models including interactions between
alleles were considered, but the small sample sizes for some allele combinations led to unstable
estimates and thus are not presented.

Sensitivity of DQ genes as a diagnostic test for celiac disease

In this cohort of 84 CD patients, the diagnostic sensitivities of DQA1*05 and DQB1*02 were
94% (95% ClI, 87%, 98%) and 98% (95% CI 92%, >99%) respectively (p= NS, McNemar’s
test). The sensitivity for the possession of both DQA1*05 and DQB1*02 was 94 % (95% Cl,
87%, 98%) for this population.

Effect of gene dosage on age of onset, diagnosis age and severity of celiac disease

The age at diagnosis and age of onset of symptoms attributable to CD were not associated with
the number of copies of DQB1*02 (p= 0.589). Twenty-two of 84 _patients with CD were
classified as having severe disease. Severity was not found to be associated with DQA1*05
(y/n), DQB1*02 (y/n), or number of copies of DQB1*02, (p=0.605, 0.462 and 0.625,
respectively).

Effect of DQB1*02 gene dosage on serological levels or histopathological severity

Forty of 84 celiac patients had endomysial antibody testing performed in our laboratory before
being placed on a gluten free diet. All of them were diagnosed in the last 4 years. There was
no association between the titer of EMA positivity and DQB1*02 gene dosage affect (P=0.37).
There was also no association between the gene dosage and the degree of villous change on
biopsy (partial versus total) (P=1.00).
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HLA predicted risk of celiac disease

Using our knowledge of the known expression of HLA types in the local population and the
known prevalence of CD32, we estimated the expected rates of CD in people with HLA types
for each gender.32 The carriage of both DQA1*05 and DQB1*02 was associated with a higher
rate of CD than either alone, which was greater than some not carrying either (Table 5). The
number of copies of DQB1*02 also predicted a dose-dependent increase in CD risk, with a
substantial female predominance when only one copy is present (Table 6).

DISCUSSION

This study both confirms and extends evidence for a strong genetic predisposition for CD
associated with the class 2 HLA alleles, DQA1*05:DQB1*02 encoding the serological
equivalent DQ?2 in the ethnically diverse United States population. The potential clinical
application of HLA typing in someone suspected to have CD, or be predisposed to it, is the
negative predictive value of the absence of the heterodimers encoding these at-risk HLA types.
In our study and in most others reported, the negative predictive value is at least 9896.22, 33
However as good that statistic is, it is only one part of the equation. While the sensitivity for
CD is almost 100%, there is still only a low absolute probability that someone with
DQA1*05:DQB1*02, or even less so someone with DQA1*03:DQB1*302, could develop the
disease.

HLA typing has not been used as a routine test in clinical practice primarily due to the low
specificity for CD and the high cost of the test. As this type of test becomes more readily
available, it is necessary to critically assess how useful it will be in discriminating between
those at risk for CD and those in whom the condition is very unlikely indeed. If one were to
HLA genotype the general population, it would be possible to identify about 70% of the
population who, by the absence of DQA1*05:DQB1*02 gene combination, would be
extremely unlikely to get CD. However this strategy is hampered by two factors: First is the
possibility that an alternate CD-associated HLA genotype DQA1*0301:DQB1*0302
(encoding the serological equivalent DQ8) may on occasion or in certain populations enable
CD in the absence of the HLA alleles, DQA1*05:DQB1*02 (encoding DQ?2). 16 Including
DQA1*03:DQB1*0302 (encoding the serological equivalent DQ8) as an alternative at-risk
HLA type decreases the discriminative power of this strategy, leaving only 61% of the general
population who can be reassured. Secondly, the patient may, by having another DQ2-associated
disease like type 1 diabetes or having a relative with CD, have a higher carriage of DQ8 or
DQ2 encoding alleles further reducing the specificity in that setting. 34

The negative impact of telling someone that they carry a genetic risk for CD may affect them
well beyond the level justified by their relatively low absolute risk of getting the disease.
Doctors must go to great lengths to reassure patients that, while they carry the genes, they are
still very unlikely to have or even to develop the disease. It is similarly not clear if patients
carrying the at-risk HLA types need to be followed for the development of CD if initial
serological testing is negative. However, if the patient is an at-risk family member and a child
at the time of first serological screening, CD may occur later in those who carry the HLA type
associated with CD.3® However, the lifetime risk for celiac disease development is extremely
low in those fortunate few family members without the susceptibility alleles. This may be less
of an issue for those patients who have been investigated for Gl symptoms. Patients who
adopted a gluten free diet before any tests for CD were done, and who now want to know if
they have the condition, pose a particularly difficult problem diagnostically. Those who lack
the HLA risk types can be reassured that they are very unlikely to have or to get CD; however,
those who do carry DQA1*05:DQB1*02 or possibly DQA1*0301:DQB1*0302 would need a
gluten challenge of sufficient duration and intensity to positively identify CD. Clinical
experience suggests that many are unwilling to do so.
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One of the strengths of this study is the use of geographically restricted case and control groups,
thereby providing sound genetic epidemiology data upon which to calculate the risk of having
a diagnosis of CD attributable to specific HLA DQ types. Most (56%) subjects were residents
of Olmsted County and the rest were from the contiguous counties of Southeastern Minnesota
who do not differ in terms of age distribution, clinical presentation or ethnic origin from
Caucasian Olmsted county residents. Also, by only using a single index case from members
of the few multiplex families we avoid overestimating HLA risk.

One of the potential weaknesses of this study is that it is based on clinically diagnosed CD
only, and these results might not apply to the possibly many undiagnosed individuals with the
condition. Our study does include a substantial number of recently detected individuals, many
of whom did not have the classical malabsorptive presentation. Our estimates for risk of
clinically detected disease similarly ignore the asymptomatic subject. However, it has not been
convincingly demonstrated that asymptomatic celiacs are genetically different from those
clinically detected. Moreover, Hoffenberg et al. have demonstrated that those members of a
birth cohort who carry 2 copies DR3, as a surrogate for DQB1.02, have a high relative risk of
developing persistent tissue transglutaminase antibodies as a surrogate marker for CD. This
risk is especially high if the child is exposed to gluten before 3 months or after 7 months of
age 36, These children were, by and large, asymptomatic. 37 It seems logical that they would
grow up to populate the entire spectrum of CD, with many or most remaining undetected well
into adulthood as we have observed in our population 14 Apparent homozygosity for DQ2,
or at least the carriage of 2 copies of the DQBO2 alleles, may result in a greater risk of CD by
generating a wider range of and increased degree of T lymphocyte responsiveness compared
to that seen in heterozygous individuals.3839 Another potential bias could be the use of blood
donors as controls who are healthy by definition. However the prevalence of DQB and DQA
alleles seems similar between these controls and another study of schoolchildren in our
community. 32,

Although the primary use of HLA testing is as a way of ruling out CD, it may be possible to
quantify the genetic risk of CD based on complete class 2 HLA typing. We can do better than
just determine the at-risk versus not at-risk status based on presence or absence of the disease
susceptibility alleles. There may be some utility in estimating the number of copies of DQB
alleles, as this would go beyond the mere identification of yes/no risk and allow for a more
precise genetic risk assessment. Those with 2 copies of DQB1*02 would be much more likely
to get CD than those with a single copy, who in turn are much more likely to get it than someone
without a copy. For example, in a specific population, the possession of a haplotype such as
DQA1*03:DQB1*0302 (DQ8 serotype equivalent) may confer a low risk of CD, whereas the
carriage of 2 copies of DQA1*05:DQB1*02 may confer a much greater risk of disease. This
risk association may be influenced by the population in question; for example, among those
with eastern European Jewish ancestry, a population not frequent in Southern Minnesota., the
carriage of DQ8 may be a common type

Being able to provide a finite risk assessment based on genetic testing helps put in perspective
the low absolute risk of CD, thereby dispelling the natural tendency to overestimate the risk
of disease that is inherent, but unintended, when interpreting a simple present/absent
susceptibility risk currently provided. In order to provide a gene dosage estimation, it will be
necessary to undertake sufficiently detailed class 2 typing to accurately calculate the copy
number of the DQB1*02 alleles in addition to the carriage of DQA alleles. The current trend
for undertaking CD testing that uses customized primer sets that can only tell if a specific allele
is present or not does not allow for calculation of the copy number of the at-risk alleles.
Providing the precise copy number of alleles may allow the clinician to stratify genetic risk.
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Would this stratification be important? It may be, especially when, in a population such as
ours, up 40% has one or both alleles encoding either DQ2 or DQ8. More work is necessary to
determine how to combine HLA data with the clinical scenario and serological data to estimate
the likelihood of disease in specific patient groups. It is important that clinicians be aware of
the limitations of HLA typing in this regard. The absence of the gene pairs that encode the
HLA antigen thought to be virtually required for celiac disease has likely a high negative
predictive value in most populations. However the possession of these genes is common in the
general population and even more frequent in family members or those with type 1 diabetes
mellitus such that their positive predictive value is very low indeed. Unfortunately, commercial
interest in celiac disease detection has brought this type of genetic testing directly to patients
who may be even more challenged by these issues than physicians.

Our study did not find an association between disease onset or age at diagnosis and gene dosage
as had been reported in European studies, 21,25 though the data were not uniform on this
point. 22, 23 However, ours is a predominantly an adult group, whereas most of the European
patients were diagnosed in childhood. As our study was geographically based and we included
cases of all ages, the differences in age of onset may be the results of environmental factors
such as the quantity of gluten in the infant diet or some other environmental exposure or trigger.
It may also be possible that, in the more ethnically mixed Caucasian population of this country,
some propensity to early onset of disease is lacking or diluted by mixing of ethnic backgrounds.
The majority of the cases were female which reflects the greater rate of CD diagnosis in women.
There may be an interaction between female gender and HLA type, however our study had
inadequate power to address this issue. Other explanations for the commonly seen
predominance of females in diagnosed celiac disease include greater attendance for routine
medical care by women, or reticence of men to complain about subtle GI symptoms. We did
not see any difference in the severity between genders (data not shown).

The role of DQB1*02 copy number in predicting the age of onset of symptomatic disease may
have implications when interpreting data from family studies that primarily use children as
probands. It is possible that this early onset disease is more commonly associated with 2 copies
of DQB1*02 alleles and may differ from studies where the proband is an adult. However, the
carriage of 2 copies of DQB1*02 in our subjects was similar to that reported in the European
studies but lower than that reported in United States families with 2 or more affected siblings.

01tis possible that symptoms present at an earlier age were not reported or recorded. This
limitation may have affected the or the determination age of onset of symptoms resulting from
celiac disease. However the age at which symptoms were such as to be reported and recorded
in the medical records may itself be a measure of severity of the disease. One recent study
suggested that homozygosity for DQ2 may be associated with refractory celiac disease with
clonal t cells or enteropathy-associated lymphoma in a large Dutch cohort. Whether this applies
to other ethnic groups or the US population is unknown.

In summary, in this community-based cohort of patients with CD, the same disease-permitting
HLA genotypes are identified as earlier European studies. There is a definite gene dosage affect
of carriage of DQB 02* alleles, and genotype-specific quantifiable risks are presented for the
population. The lack of a gene dosage effect on age of onset or on severity of clinical
presentation suggests that HLA confers risk of disease but that other factors determine severity.
The rare occurrence of CD in the absence of these DQ alleles suggests that the lack of
possession of these alleles effectively renders CD very unlikely though not impossible as
illustrated by the one patient in our cohort who lacked those gene pairs.

Acknowledgements

No conflicts of interest exist. This study was supported in part by research grants DK 57982 and AR 30582 and M01
RR00585 from the National Institutes of Health, Public Health Service.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2008 December 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Murray et al.

References
1

Page 9

Farrell RJ, Kelly CP. Celiac sprue. N Engl J Med 2002;346:180-8. [PubMed: 11796853]

2. Trier JS. Diagnosis of celiac sprue. Gastroenterology 1998;115:211-6. [PubMed: 9649477]
3. Rostom A, Murray JA, Kagnoff MF. American Gastroenterological Association (AGA) Institute

10

11.

12.

13.

14.

15.

16.

17.

18

19.

Technical Review on the Diagnosis and Management of Celiac Disease. Gastroenterology 2006 Dec;
131(6):1981-2002. [PubMed: 17087937]

. Sollid LM, McAdam SN, Molberg O, Quarsten H, Arentz-Hansen H, Louka AS, Lundin KE. Genes

and environment in celiac disease. Acta Odontologica Scandinavica 2001;59:183-6. [PubMed:
11501889]

. Koning F, Schuppan D, Cerf-Bensussan N, Sollid LM. Pathomechanisms in celiac disease. Best Pract

Res Clin Gastroenterol 2005;19:373-87. [PubMed: 15925843]

. Green PH, Jabri B. Coeliac disease. Lancet 2003;362:383-91. [PubMed: 12907013]
. Sollid LM, Thorsby E. The primary association of celiac disease to a given HLA-DQ alpha/beta

heterodimer explains the divergent HLA-DR associations observed in various Caucasian populations.
Tissue Antigens 1990;36:136-7. [PubMed: 2278049]

. Koning F. Celiac disease: caught between a rock and a hard place. Gastroenterology 2005;129:1294—

301. [PubMed: 16230082]

. King AL, Ciclitira PJ. Celiac disease: strongly heritable, oligogenic, but genetically complex.

Molecular Genetics & Metabolism 2000;71:70-5. [PubMed: 11001798]

. Balas A, Vicario JL, Zambrano A, Acuna D, Garcia-Novo D. Absolute linkage of celiac disease and
dermatitis herpetiformis to HLA-DQ. Tissue Antigens 1997;50:52-6. [PubMed: 9243756]

Bevan S, Popat S, Braegger CP, Busch A, O’Donoghue D, Falth-Magnusson K, Ferguson A, Godkin
A, Hogberg L, Holmes G, Hosie KB, Howdle PD, Jenkins H, Jewell D, Johnston S, Kennedy NP,
Kerr G, Kumar P, Logan RF, Love AH, Marsh M, Mulder CJ, Sjoberg K, Stenhammer L, Walker-
Smith J, Marossy AM, Houlston RS. Contribution of the MHC region to the familial risk of coeliac
disease. J Med Genet 1999;36:687-90. [PubMed: 10507725]

Neuhausen SL, Weizman Z, Camp NJ, Elbedour K, Sheffield VC, Zone JJ, Carmi R. HLA DQA1-
DQB1 genotypes in Bedouin families with celiac disease. Human Immunology 2002;63:502-7.
[PubMed: 12039527]

Fasano A, Berti I, Gerarduzzi T, Not T, Colletti RB, Drago S, Elitsur Y, Green PHR, Guandalini S,
Hill I, Pietzak M, Ventura A, Thorpe M, Kryszak D, Fornaroli F, Wasserman SS, Murray JA, Horvath
K. Prevalence of celiac disease in at-risk and not-at-risk groups in the United States: a large
multicenter study. Archives of Internal Medicine 2003;163:286-292. [PubMed: 12578508]

Murray JA, Van Dyke C, Plevak MF, Dierkhising RA, Zinsmeister AR, Melton LJ 3rd. Trends in the
identification and clinical features of celiac disease in a North American community, 1950-2001.
Clinical Gastroenterology & Hepatology 2003;1:19-27. [PubMed: 15017513]

Csizmadia CG, Mearin ML, Oren A, Kromhout A, Crusius JB, von Blomberg BM, Pena AS, Wiggers
MN, Vandenbroucke JP. Accuracy and cost-effectiveness of a new strategy to screen for celiac
disease in children with Down syndrome. J Pediatr 2000;137:756—61. [PubMed: 11113830]

Johnson TC, Diamond B, Memeo L, Negulescu H, Hovhanissyan Z, Verkarre V, Rotterdam H, Fasano
A, Caillat-Zucman S, Grosdidier E, Winchester R, Cellier C, Jabri B, Green PH. Relationship of
HLA-DQ8 and severity of celiac disease: comparison of New York and Parisian cohorts. Clinical
Gastroenterology & Hepatology 2004;2:888-94. [PubMed: 15476152]

Hoffenberg EJ, MacKenzie T, Barriga KJ, Eisenbarth GS, Bao F, Haas JE, Erlich H, Bugawan TIT,
Sokol RJ, Taki I, Norris JM, Rewers M. A prospective study of the incidence of childhood celiac
disease. Journal of Pediatrics 2003;143:308-14. [PubMed: 14517510]

. Mearin ML, Biemond I, Pena AS, Polanco I, Vazquez C, Schreuder GT, de Vries RR, van Rood JJ.
HLA-DR phenotypes in Spanish coeliac children: their contribution to the understanding of the
genetics of the disease. Gut 1983;24:532-7. [PubMed: 6602084]

Louka AS, Nilsson S, Olsson M, Talseth B, Lie BA, Ek J, Gudjonsdottir AH, Ascher H, Sollid LM.
HLA in coeliac disease families: a novel test of risk modification by the ‘other’ haplotype when at
least one DQA1*05-DQB1*02 haplotype is carried. Tissue Antigens 2002;60:147-54. [PubMed:
12392509]

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2008 December 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Murray et al.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 10

Ploski R, Ascher H, Sollid LM. HLA genotypes and the increased incidence of coeliac disease in
Sweden. Scandinavian Journal of Gastroenterology 1996;31:1092—7. [PubMed: 8938902]

Congia M, Cucca F, Frau F, Lampis R, Melis L, Clemente MG, Cao A, De Virgiliis S. A gene dosage
effect of the DQA1*0501/DQB1*0201 allelic combination influences the clinical heterogeneity of
celiac disease. Human Immunology 1994;40:138-42. [PubMed: 7928444]

Pena-Quintana L, Torres-Galvan MJ, Deniz-Naranjo MC, Ortigosa-Castillo L, Ramos-Varela JC,
Calvo-Hernandez F, Fiuza-Perez MD, Rodriguez-Gallego JC, Sanchez-Garcia F. Assessment of the
DQ heterodimer test in the diagnosis of celiac disease in the Canary Islands (Spain). J Pediatr
Gastroenterol Nutr 2003;37:604-8. [PubMed: 14581805]

Ploski R, Ek J, Thorshy E, Sollid LM. On the HLA-DQ(alpha 1*0501, beta 1*0201)-associated
susceptibility in celiac disease: a possible gene dosage effect of DQB1*0201. Tissue Antigens
1993;41:173-7. [PubMed: 8362409]

Mustalahti K, Holopainen P, Karell K, Maki M, Partanen J. Genetic dissection between silent and
clinically diagnosed symptomatic forms of coeliac disease in multiplex families. Digestive & Liver
Disease 2002;34:842-5. [PubMed: 12643291]

Zubillaga P, Vidales MC, Zubillaga I, Ormaechea V, Garcia-Urkia N, Vitoria JC. HLA-DQA1 and
HLA-DQBL1 genetic markers and clinical presentation in celiac disease. Journal of Pediatric
Gastroenterology & Nutrition 2002;34:548-54. [PubMed: 12050583]

Margaritte-Jeannin P, Babron MC, Bourgey M, Louka AS, Clot F, Percopo S, Coto I, Hugot JP,
Ascher H, Sollid LM, Greco L, Clerget-Darpoux F. HLA-DQ relative risks for coeliac disease in
European populations: a study of the European Genetics Cluster on Coeliac Disease. Tissue Antigens
2004;63:562—7. [PubMed: 15140032]

Melton LJ 3rd. History of the Rochester Epidemiology Project. Mayo Clinic Proceedings
1996;71:1566-70.

anonymous. Revised criteria for diagnosis of coeliac disease. Report of Working Group of European
Society of Paediatric Gastroenterology and Nutrition. Archives of Disease in Childhood
1990;65:909-11. [PubMed: 2205160]

29. Olerup O, Zetterquist H. HLA-DR typing by PCR amplification with sequence-specific primers (PCR-

30.

31.

32.

33.

34.

35.

36.

37.

SSP) in 2 hours: an alternative to serological DR typing in clinical practice including donor-recipient
matching in cadaveric transplantation. Tissue Antigens 1992;39:225-35. [PubMed: 1357775]see
comment

Czaja AJ, Donaldson PT. Gender effects and synergisms with histocompatibility leukocyte antigens
in type 1 autoimmune hepatitis. American Journal of Gastroenterology 2002;97:2051-7. [PubMed:
12190176]see comment

Strettell MD, Donaldson PT, Thomson LJ, Santrach PJ, Moore SB, Czaja AJ, Williams R. Allelic
basis for HLA-encoded susceptibility to type 1 autoimmune hepatitis. Gastroenterology
1997;112:2028-35. [PubMed: 9178696]

Poland GA, Ovsyannikova IG, Jacobson RM, Vierkant RA, Jacobsen SJ, Pankratz VS, Schaid DJ.
Identification of an association between HLA class Il alleles and low antibody levels after measles
immunization. Vaccine 2001;20:430-8. [PubMed: 11672906]

Kaukinen K, Partanen J, Maki M, Collin P. HLA-DQ typing in the diagnosis of celiac disease. Am
J Gastroenterol 2002;97:695-9. [PubMed: 11922565]

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

Pittschieler K, Gentili L, Niederhofer H. Onset of coeliac disease: a prospective longitudinal study.
Acta Paediatrica 2003;92:1149-52. [PubMed: 14632329]

Norris JM, Barriga K, Hoffenberg EJ, Taki I, Miao D, Haas JE, Emery LM, Sokol RJ, Erlich HA,
Eisenbarth GS, Rewers M. Risk of Celiac Disease Autoimmunity and Timing of Gluten Introduction
in the Diet of Infants at Increased Risk of Disease. JAMA 2005;293:2343-2351. [PubMed:
15900004]

Hoffenberg EJ, Emery LM, Barriga KJ, Bao F, Taylor J, Eisenbarth GS, Haas JE, Sokol RJ, Taki I,
Norris JM, Rewers M. Clinical features of children with screening-identified evidence of celiac
disease. Pediatrics 2004;113:1254-9. [PubMed: 15121938]

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2008 December 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Murray et al. Page 11

38. Vader W, Stepniak D, Kooy Y, Mearin L, Thompson A, van Rood JJ, Spaenij L, Koning F. The HLA-
DQ2 gene dose effect in celiac disease is directly related to the magnitude and breadth of gluten-
specific T cell responses. Proceedings of the National Academy of Sciences of the United States of
America 2003;100:12390-5. [PubMed: 14530392]

39. van Belzen MJ, Koeleman BP, Crusius JB, Meijer JW, Bardoel AF, Pearson PL, Sandkuijl LA,
Houwen RH, Wijmenga C. Defining the contribution of the HLA region to cis DQ2-positive coeliac
disease patients. Genes & Immunity 2004;5:215-20. [PubMed: 15014431]

40. Lewis C, Book L, Black J, Sawitzke A, Cannon-Albright L, Zone J, Neuhausen S. Celiac disease and
human leukocyte antigen genotype: Accuracy of diagnosis in self-diagnosed individuals, dosage
effect, and sibling risk. Journal of Pediatric Gastroenterology and Nutrition 2000;31:22-27.
[PubMed: 10896066]

41. Al-Toma A, Goerres MS, Meijer JWR, Pena AS, Crusius JBA, Mulder CJJ. Human Leukocyte
Antigen-DQ2 Homozygosity and the Development of Refractory Celiac Disease and Enteropathy-
Associated T-Cell Lymphoma. Clinical Gastroenterology and Hepatology 2006;4:315-319.
[PubMed: 16527694]

Abbreviations

CD

celiac disease
DH

dermatitis herpetiformis
HLA

human leucocyte antigen
EMA

endomysial antibody

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2008 December 1.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Murray et al.
Table 1

HLA Distributions in the Celiac Disease (CD) Cases and Controls
Serotype Alleles Categories CD| Control
DO2 DOA1*05- DOB1*02 79 21
DQ8/DQ2- DQA1*0301-DQB1*0302 3 22
Alt DO2/DOX DQA1*0201-DOB1*02 1 9
DQ2-/DQ8- DOQAL*xxxx-DOB1*0301 1 50
TOTALS 84 102
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Table 2
Distributions of DQB1*02 Alleles in Celiac Disease (CD) Patients and Controls

Genotype CD Controls

DOB1*0201/0201 17 1

DQB1*0201/0202 17 2

DOB1*0202/0202 0 1

DOB1*0201/-—- 43 16

DOB1*0302/-—- 2 1

DOB1*0202/-—- 1 9

DOB1*0202/DOA05 2 2

Other 1 52

TOTALS 84 102
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Table 3
Odds Ratio (OR) of Celiac Disease Given Presence of DQA1*05 & DQA1*02
The table displays odds ratios (95% CI’s; adjusted for gender) and p-values for the association between celiac
disease and HLA types from three different models: 1) DQA1*05 (y/n) and DQA1*02 (y/n), 2) combined presence
of DQA1*05 and DQB1*02 (none vs. either one vs. both), and 3) DQA1*05 and number of copies of
DQB1*02 (0, 1, or 2).

DQA1*05/DQB1*02 OR (95% CI)
(presence)
One (or the other) vs. None| 3.1(0.2,53.3)
Both vs. None 157.5(19.6, 1263.7)
Both vs. One (or the other) 50.2 (6.2, 409.2)
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Table 4

Odds Ratio (OR) for Celiac Disease Given Number of DQB02 Alleles

#DQB02 Cogie§| OR (95% CI)
1vs.0 93.9 (11.8, 745.3)
2vs. 0 465.7 (45.1, 4813.7)
2vs. 1 5.0(1.4, 18.1)
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Estimated Incidence of Diagnosed Celiac Disease per 100,000 Given Presence of DQa05 & DQpB02

Table 5

Males rate (95% CI)

Females rate (95% CI)

Total rate (95% CI)|

DQa05/DQB02 (presence)

/- 0.0 (0.0, 10.4) 2.7(0.1,15.0) 1.4(0.0,7.7)
+/-or -/+ 0.0 (0.0, 30.3) 7.8 (0.2, 43.6) 4.0(0.1,22.3)
+/+ 138.7 (66.5. 254.9) 473.6 (331.9, 655.1) 310.6 (227.4, 414.0)
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Estimated Incidence of Diagnosed Celiac Disease per 100,000 Given Number of DQB02 Alleles

Table 6

#DOQB02 Cogie§|

Males rate (95% CI)|

Females rate (95% CI)

Total rate (95% CI)

0

0.0(0.0,11.3)

2.5(0.1,14.1)

1.4(0.0,7.7)

1

29.8 (9.7, 69.4)

173.0 (110.9, 257.3)

94.5 (63.3, 135.7)

2

94.6 (30.7, 220.6)

310.0 (165.1, 529.5)

189.9 (112.6. 300.0)
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