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Summary

Clinical characteristics

Celiac disease is a systemic autoimmune disease that can be associated with gastrointestinal findings (diarrhea,
malabsorption, abdominal pain and distension, bloating, vomiting, and weight loss) and/or highly variable non-
gastrointestinal findings (dermatitis herpetiformis, chronic fatigue, joint pain/inflammation, iron deficiency
anemia, migraines, depression, attention-deficit disorder, epilepsy, osteoporosis/osteopenia, infertility and/or
recurrent fetal loss, vitamin deficiencies, short stature, failure to thrive, delayed puberty, dental enamel defects,
and autoimmune disorders). Classic celiac disease, characterized by mild to severe gastrointestinal symptoms, is
less common than non-classic celiac disease, characterized by absence of gastrointestinal symptoms.

Diagnosis/testing
The diagnosis of celiac disease is established in an individual with:

« Positive celiac serologic testing while on a gluten-containing diet (tissue transglutaminase IgA, anti-
deamidated gliadin-related peptide IgA and IgG, endomysial antibody IgA),

o Characteristic histologic findings on small-bowel biopsy, and

« Human leukocyte antigen (HLA) haplotype DQ2 or DQS8 identified by molecular genetic testing of HLA-
DQAI and HLA-DQBI.

Management

Treatment of manifestations: Lifelong adherence to a strict gluten-free diet (avoidance of wheat, rye, and barley);
treatment of nutritional deficiencies (iron, zinc, calcium, fat-soluble vitamins, folic acid); standard treatment of
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osteoporosis. For individuals unresponsive to a gluten-free diet, evaluation for refractory celiac disease,
ulcerative enteritis, T-cell lymphoma, and other gastrointestinal cancers.

Surveillance: For symptomatic individuals responsive to a gluten-free diet abnormal serologies should be
followed to normalization, periodic physical examination and assessment of growth, nutritional status, and non-
gastrointestinal disease manifestations.

Agents/circumstances to avoid: Dietary gluten.

Evaluation of relatives at risk: Molecular genetic testing of first-degree relatives of a proband (including young
children) to monitor those with known celiac disease-susceptibility alleles for early evidence of celiac disease in
order to institute gluten-free diet early in the disease course.

Genetic counseling

Celiac disease is a multifactorial disorder resulting from the interaction of HLA-DQAI and HLA-DQBI allelic
variants known to be associated with celiac disease susceptibility, less well-recognized variants in non-HLA
genes, gliadin (a subcomponent of gluten), and other environmental factors. Some empiric risk data for at-risk
relatives are available.

Diagnosis

Suggestive Findings
Celiac disease should be suspected in individuals with the following clinical and laboratory findings.
Clinical findings

« Gastrointestinal signs/symptoms (e.g., diarrhea, malabsorption, abdominal pain, distention, bloating,
vomiting, weight loss)

 Dermatitis herpetiformis

o Chronic fatigue

« Joint pain/inflammation

 Neurologic symptoms (e.g., peripheral neuropathy, ataxia, seizures, migraines, attention-deficit disorder,
poor school performance)

« Osteoporosis/osteopenia

o Infertility and/or recurrent fetal loss

« Short stature and/or failure to thrive

 Delayed puberty

 Dental enamel defects

» Autoimmune disorders

o Individuals with disorders associated with celiac disease (e.g., Down syndrome, Turner syndrome,
Williams syndrome, selective IgA deficiency, insulin-dependent diabetes mellitus, Sjogren syndrome,
thyroiditis)

 Absence of history of self-limited enteritis and/or tropical sprue

Laboratory findings
o Iron deficiency anemia
« Vitamin and/or mineral deficiencies (e.g., calcium, vitamin D, vitamin By, folic acid)

« Inindividuals on a gluten-containing diet:
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o Elevated serum tissue transglutaminase (tTG) IgA

o Elevated serum anti-deamidated gliadin-related peptide (a-DGP) IgA and IgG

o Elevated serum endomysial antibody (EMA) IgA; highest specificity (~99%) but sensitivity subject
to observer variability

Note on measurement of serum total IgA to evaluate for IgA deficiency: Selective IgA deficiency is more
prevalent in individuals with celiac disease (1:50). In individuals with IgA deficiency, measurement of tTG
IgG and DGP-IgG should be performed instead of IgA levels.

Establishing the Diagnosis

The diagnosis of celiac disease is established in an individual with positive celiac serologic testing while on a
gluten-containing diet (elevated serum tTG IgA, serum a-DGP IgA and IgG, and EMA IgA) by identification of:

« Characteristic histopathology of partial or complete villous atrophy, crypt hyperplasia, and increased
intraepithelial lymphocytes identified on four to six duodenal biopsies, while the individual maintains a
gluten-containing diet or has resumed a gluten-containing diet for at least two weeks;

AND

o Human leukocyte antigen (HLA) haplotype DQ2 or DQ8, as determined by molecular genetic testing of
HLA-DQA1 and HLA-DQBI, consistent with an increased risk of celiac disease (see Table 1).

Diagnosis without a duodenal biopsy. Pediatric guidelines from Europe present a pathway for the diagnosis of
celiac disease in children that does not include a biopsy. Under these guidelines a diagnosis of celiac disease
could be considered in a symptomatic child with a tTG IgA value of more than ten times the upper level of
normal, the presence of HLA haplotype DQ2 or DQS8, positive celiac serologic testing on two occasions, and
evaluation by a pediatric gastroenterologist [Husby et al 2012]. There is ongoing debate regarding this approach
to diagnosis [Reilly et al 2018].

Note: (1) HLA-DQA1 and HLA-DQBI sequence variants that define haplotypes may be detected by sequencing
or by a targeted genotyping assay (methodologies vary). Analysis of HLA genes is complicated by the presence
of highly homologous gene family members. (2) Determination of HLA-DQAI and HLA-DQBI haplotypes is
based on the combination of variants in cis across both genes. Interpretation of sequence data is complicated by
detection of uncharacterized sequence variants and uninformative variant zygosity. (3) If haplotype-tag variants
from only HLA-DQA1 or HLA-DQBI are detected, the allele is referred to as a half-DQ2 haplotype (called half
DQ-positive). (4) The combination of the haplotypes from homologous chromosomes is called a diplotype. An
individual's diplotype at HLA-DQA1 and HLA-DQBI determines the risk for celiac disease (Table 2).

Table 1. HLA Haplotypes Associated with an Increased Risk for Celiac Disease

Proportion of Probands with This

: 1

Haplotype Variant o —

.. HLA-DQA1*0501 or *0505 and 0
DQ2-positive HLA-DQBI*0201 or *0202 >90%

. HLA-DQAI*0501 or 0505 or 0
Half DQ2-positive HLA-DQBI*0201 or 0202 <%
_ *

DQ8-positive HLA-DQAI"03 and 5%-10%

HLA-DQBI1*0302

1. Haplotype-defining variants of HLA-DQAI and HLA-DQBI must be present but are not sufficient to cause celiac disease. HLA-
DQAI and HLA-DQBI encode the alpha and beta chains of the celiac-associated heterodimer proteins DQ2 and DQ8 (see Figure 1).
2. DQ2-positive haplotype is also present in 20%-30% of the general population; the DQ8-positive haplotype is also present in 10% of
the general population [Sollid & Lie 2005].
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A HLA-DGZ heterodimer encoded in cis B HLA-DG2 heterodimer encoded in frans C  HLA-DGS heterodimer encoded in cis

DaQB1  DQA1

DQB1 DQA1 DRs5-DQT DRA.DOS

DR7-DQ2

Figure 1. Formation of DQ2 and DQ8

A. The DQ2 molecule, consisting of the a-chain protein encoded by the HLA-DQA1*0501 allele and the B-chain protein encoded by
the HLA-DQB1*0201 allele on the same parental chromosome (i.e., in cis configuration)

B. The DQ2 molecule, consisting of the a-chain protein encoded from the HLA-DQA1*0505 allele and the -chain protein encoded by
the HLA-DQB1*0202 allele on separate parental chromosomes (i.e., in trans configuration)

C. The DQ8 molecule, consisting of the B-chain protein encoded by the HLA-DQBI1*0302 allele and the a-chain protein encoded by the
HLA-DQATI*03 allele on the same parental chromosome (i.e., in cis configuration)

Note: The DR alleles are the result of linkage disequilibrium and are included for illustration only.
Modified and expanded from Sollid [2002] with permission from LM Sollid, MD

Clinical Characteristics

Clinical Description

Celiac disease is a systemic autoimmune disease with gastrointestinal symptoms and multiple, highly variable
non-gastrointestinal symptoms (see Figure 2). It is induced by dietary gluten in genetically susceptible
individuals. The onset of celiac disease may occur at any age after weaning; for adults, the peak age of diagnosis
is between ages 30 and 50 years. The average time between the onset of symptoms and diagnosis is 11 years. The
female-to-male ratio of diagnosed celiac disease is reported to be 3:1.

Gastrointestinal manifestations include chronic or recurrent diarrhea, malabsorption, abdominal pain and
distention, bloating, vomiting, and weight loss. As many as 50% of individuals with celiac disease do not have
daily diarrhea at the time of diagnosis [Rampertab et al 2006]. Additionally, many are overweight, even obese
[Murray et al 2004].

Non-gastrointestinal manifestations include dermatitis herpetiformis, chronic fatigue, joint pain/
inflammation, iron deficiency anemia, migraines, depression, attention-deficit disorder, epilepsy, osteoporosis/
osteopenia, infertility and/or recurrent fetal loss, vitamin deficiencies, short stature, failure to thrive, delayed
puberty, dental enamel defects, abnormal liver function tests, neurologic symptoms, and various secondary
autoimmune disorders [Lebwohl et al 2018].
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Other 5%
Abdominal Pain 5%

Weight Loss 6%

Bone disease 6%
Diarrhea 43%

Anemia 8%

Incidental 10%

Screening 17%

Figure 2. Presenting signs/symptoms in celiac disease. The presenting signs/symptoms are the main indications that led to a diagnosis
of celiac disease. "Bone disease" refers to evaluation for low bone density. "Incidental” refers to discovery of villous atrophy during
endoscopy performed for signs/symptoms not usually associated with celiac disease [Green & Jabri 2003, Lo et al 2003].

With permission from PHR Green, MD

Types of Celiac Disease

Recently a consensus paper redefined the types of celiac disease [Ludvigsson et al 2013].

Classic celiac disease refers to the presence of symptoms of malabsorption such as diarrhea, failure to thrive,
and weight loss and may occur in adults and children.

Non-classic celiac disease refers to celiac disease without prominent gastrointestinal symptoms or
malabsorption (see Figure 2); however, individuals with atypical celiac disease can also have gastrointestinal
symptoms such as reflux, abdominal pain, bloating, vomiting, constipation, and dyspepsia. Approximately 70%
of individuals are diagnosed based on extraintestinal manifestations associated with celiac disease. This group
includes monosymptomatic and subclinical forms.

Iron deficiency anemia is a common presentation of non-classic celiac disease and may be the only finding.

Dermatitis herpetiformis, an intensely pruritic rash found most commonly on the extensor surfaces of the
extremities, is a common non-gastrointestinal manifestation.

Other extraintestinal presentations include osteoporosis/osteopenia, dental enamel hypoplasia, infertility and/or
recurrent fetal loss, vitamin deficiencies, abnormal liver function tests (typically elevated transaminases), fatigue,
psychiatric syndromes, and various neurologic conditions including peripheral neuropathy, ataxia, seizures,
migraines, attention-deficit hyperactivity disorder, and poor school performance.

Non-classic celiac disease usually presents in later childhood or adulthood. Children with non-classic celiac
disease can present with unexplained short stature, neurologic symptoms, and delayed puberty.

Non-classic celiac disease is more common than classic celiac disease [Ludvigsson at al 2013].
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Potential or latent celiac disease. Latent celiac disease is defined as a normal small-bowel biopsy in an
individual with a positive celiac disease serology. A subset of such individuals subsequently develop villous
atrophy if they continue to ingest gluten; others may remain in this state or celiac serology testing may become
negative. Only those with severe symptoms would be advised to start a gluten-free diet [Volta et al 2016] (see
Figure 3).

Removal of gluten from the diet can result in:

 Reversal of (a) growth failure and (b) reduced bone mineralization in children with celiac disease;

» Decreased frequency of (a) spontaneous abortions and (b) low-birth-weight infants in women with celiac
disease;

» Reduced risk for certain types of cancers including small-intestine adenocarcinoma, esophageal cancer,
and non-Hodgkin's lymphoma;

» Reduced risk of mortality in symptomatic individuals.

Refractory sprue/celiac disease (RCD). Refractory sprue or RCD refers to persistence of symptoms of frank
malabsorption with persistent intestinal inflammation and villous atrophy despite a strict gluten-free diet for at
least six to 12 months. All individuals with refractory sprue are older than age 20 years.

 Primary refractory sprue describes the condition in which individuals have never responded to a gluten-
free diet.

 Secondary refractory sprue refers to the condition in which individuals have a full recovery, followed
later by a relapse, despite adherence to the gluten-free diet.

An alternate classification for RCD involves the characterization of the intraepithelial lymphocytes (IELs) in
persons with RCD:

o In active, uncomplicated celiac disease the IELs have surface expression of CD3 and CD8, a normal
occurrence. In addition, these lymphocytes are not clonally restricted (i.e., polyclonal).
o In RCDI, the IELs are normal.
o In RCD2, the IELs are abnormal in the following ways:
o They have lost surface expression of CD3, CD8, and the T-cell receptor.
o CD3 is detectable within the cell.
o They have generally become clonal.

RCD1 is considered to be relatively common. Individuals usually respond to corticosteroids (e.g., budesonide,
prednisone).

RCD2 is rare. An international series demonstrated a 30% five-year mortality rate and prognostic factors that
determined survival [Rubio-Tapia et al 2016]. Poor survival is typically due to a high rate of progression to
enteropathy-associated T-cell ymphoma [Chander et al 2018].

Genotype-Phenotype Correlations

Among affected individuals, no difference in clinical severity of celiac disease is observed between those who are
homozygous for the DQ2 haplotype and those who are homozygous for the DQ8 haplotype.

Penetrance

The penetrance of celiac disease is low. The risk of developing celiac disease is affected by HLA diplotype (see
Table 2).
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Figure 3. The celiac iceberg represents all people who are genetically susceptible to celiac disease and have a positive celiac-associated
antibody test result. The majority of these individuals have latent celiac disease. The "tip of the iceberg" represents the minority who
have clinical manifestations of celiac disease [Guandalini 2004].
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Table 2. Risk of Developing Celiac Disease Based on HLA Diplotype

HLA-DQ2/-DQ8 Diplotype ! Risk !
DQ2+DQ8 1:7 (14.3%)
DQ2+DQ2 or DQ2 homozygous+DQBI*02 2 1:10 (10%)
DQ8+DQ8 3 1:12 (8.4%) 3
DQ8+DQBI*02 2 1:24 (4.2%)
DQBI1*02+DQBI1*02 2 1:26 (3.8%)
DQ2+non-risk haplotype 1:35 (2.9%)
DQ8+non-risk haplotype 1:89 (1.1%)
Population risk 1:100 (1%)
DQBI*02 2+non-risk haplotype 1:210 (0.5%)
DQAI1*05 2+non-risk haplotype 1:1842 (0.05%)

No HLA-DQA/-DQB celiac susceptibility alleles 1:2518 (<0.04%)

1. From Megiorni et al [2009] for all diplotypes included except DQ8+DQ8
2. A half-DQ2 allele
3. From Pietzak et al [2009]

Prevalence

Celiac disease affects approximately 1% of individuals in the US. Celiac disease is considered to be common in
Europe, the US, Australia, Mexico, and some South American countries. The highest reported prevalence of
celiac disease is 5.6%, found in a refugee population in North Africa.

The prevalence of celiac disease is increased in individuals with the following disorders [NIH Consensus
Committee 2005]:

« Down syndrome (prevalence of celiac disease: 5%-12%)
o Turner syndrome (~3%)

« Williams syndrome (3%-10%)

o Selective IgA deficiency (~2%-10%)

o Insulin-dependent diabetes mellitus (~6%)


https://www.ncbi.nlm.nih.gov/books/n/gene/williams/
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o Sjogren syndrome (~5%)
» Autoimmune thyroid disease (~2%-4%)

Genetically Related (Allelic) Disorders

No phenotypes other than those discussed in this GeneReview are known to be associated with these HLA
haplotypes.

Differential Diagnosis
The clinical manifestations of celiac disease overlap with several other conditions, including:

« Helicobacter pylori gastritis

o Irritable bowel syndrome

« Inflammatory bowel disease

 Tropical sprue

« Various neurologic syndromes, including myasthesia gravis and peripheral neuropathy

« Drug-induced small-bowel disease (e.g., nonsteroidal anti-inflammatory drugs, olmesartan)
 Small-bowel bacterial overgrowth

Other (non-Celiac) Causes of Gluten Sensitivity

Allergic (wheat allergy). An adverse immunologic (allergic) reaction to proteins in wheat is characterized by
production of anti-wheat IgE antibodies. Varieties of wheat allergy include: classic food allergy; wheat-
dependent, exercise-induced anaphylaxis (WDEIA); occupational asthma (baker's asthma) and rhinitis; and
contact urticaria. A review of wheat allergy is provided by Levy & Levy-Carrick [2014]. Skin prick tests, in vitro
IgE assays, and oral food challenges are diagnostic approaches for wheat allergy. Wheat and/or gluten allergy has
been reported to have a prevalence of 0.4% in the US. Wheat allergy is not commonly considered in the
differential diagnosis of celiac disease though individuals with a wheat allergy do require a gluten-free diet.

Non-celiac gluten or wheat sensitivity. Non-celiac gluten or wheat sensitivity is considered to occur in
individuals with symptoms that respond to withdrawal of gluten. Individuals who have non-celiac gluten
sensitivity have intolerance to gluten but do not have histologic findings of celiac disease (e.g., characteristic
findings on intestinal biopsy) or elevated levels of celiac-specific antibodies (e.g., tT'G or EMA IgA) [Lebwohl et
al 2015]. Although some may have elevated anti-native gliadin IgG antibodies (AGA), no diagnostic markers are
specific for non-celiac, non-allergic gluten sensitivity. The condition is defined by improvement on a gluten-free
diet and exclusion of celiac disease and wheat allergy. Non-celiac gluten sensitivity can present with intestinal
symptoms (including IBS) and extraintestinal symptoms similar to those of celiac disease [Sapone et al 2011].
The etiology of non-celiac gluten or wheat sensitivity is unclear. One group has described a series of biomarkers
that suggest that the condition is associated with altered intestinal permeability [Uhde et al 2019]. In other
double-blind placebo-controlled studies, other dietary, non-absorbable sugars (fructans) were shown to be
responsible for symptoms in self-identified gluten-sensitive individuals [Skodje et al 2018].

Management

Evaluations Following Initial Diagnosis

To establish the extent of disease in an individual diagnosed with celiac disease, the evaluations summarized in
this section (if not performed as part of the evaluation that led to the diagnosis) are recommended:

« Baseline bone-density test in adults to evaluate for osteoporosis/osteopenia. In those with osteoporosis,
vitamin D and parathyroid hormone concentrations should be evaluated.
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Screening tests for anemia, abnormal liver function, and nutrient deficiencies (iron, calcium, vitamin D,
vitamin By, folic acid)

Evaluation for a coexisting autoimmune disease. Because of the frequent association of celiac disease with
autoimmune thyroid disease, thyroid function assessment is often performed [Roy et al 2016].

Failure to regain weight or gastrointestinal bleeding should prompt evaluation for an intestinal
malignancy with radiologic and endoscopic studies.

Treatment of Manifestations

Celiac disease. Ideally, the care of a newly diagnosed individual should be provided by a team including a
gastroenterologist, primary care physician, and experienced nutritionist; see Figure 4 and Rubio-Tapia et al
[2013].

The only treatment for individuals with celiac disease is strict adherence to a gluten-free diet that requires
lifelong avoidance of wheat, rye, and barley:

Treatment with a gluten-free diet should be started only after the diagnosis has been established by
intestinal biopsy.
A dietitian experienced in treating celiac disease should be involved.
Symptoms may improve rapidly while serologic tests may take up to 12 months to normalize on the
gluten-free diet.
For some individuals, even a small amount of gluten (i.e., 100 mg) can damage the small intestine. Note
that a slice of bread contains approximately 2.5 grams of gluten.
It can be difficult to adhere to the gluten-free diet, as gluten is found in many foods and other ingested
products. Some hidden sources of gluten:

o Non-starchy foods such as soy sauce and beer

o Non-food items such as some medications and cosmetics (e.g., lipstick)
Nutritional deficiencies and metabolic bone disease should be treated in the usual manner.

"Unresponsive celiac disease" refers to celiac disease in individuals who show no improvement on a gluten-free

diet:

The most common reason for unresponsive celiac disease is the presence of small amounts of gluten in the
diet. This gluten ingestion may be intentional, such as "cheating" at social events or using communion
wafers, or unintentional, including ingestion of gluten in medications and gluten-containing foods in
restaurants. Advice from a nutritionist experienced in management of the gluten-free diet is
recommended to achieve the best results.

Assessment for lactose or fructose intolerance is important, as these conditions can be responsible for lack
of response to the gluten-free diet [Lebwohl et al 2018].

Assessment for alternative or additional diagnoses such as microscopic colitis, pancreatic exocrine
insufficiency, IBS, small intestinal bacterial overgrowth, and eating disorders is necessary in those in
whom gluten contamination is not the explanation.

Refractory sprue or celiac disease. Individuals with persistent symptoms and intestinal inflammation despite
adherence to a gluten-free diet may need to be treated with corticosteroids (e.g., systemic steroids or locally
active oral budesonide) and immunosuppressants [Green & Jabri 2003, NIH Consensus Committee 2005, Brar et
al 2007, Lebwohl et al 2018].

Surveillance

Individuals with celiac disease
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Figure 4. An approach to the management of newly diagnosed celiac disease [Pietzak 2005]

With permission from MM Pietzak, MD

« Abnormal celiac disease serologies should be followed to normalization, which usually occurs within six
to 12 months of starting a strict gluten-free diet.

®
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o Periodic physical examination and assessment of growth, nutritional status, and non-gastrointestinal
disease manifestations

o Follow-up biopsy can be considered to confirm healing of intestinal villi. Because some individuals on a
strict gluten-free diet can heal gradually, this should typically be done at least two years after the initial
diagnosis.

The most frequently used classification is the Marsh-Oberhuber classification (Table 3) [Oberhuber et al 1999].

Table 3. Classification of Intestinal Lesions in Celiac Disease
Type Mucosal Findings

Stage 0. Preinfiltrative stage Normal !

1

Stage 1. Infiltrative lesion Increased intraepithelial lymphocytes

Stage 2. Hyperplastic lesion Stage 1 changes plus hyperplastic crypts
Stage 2 changes plus:
2 « Partial villous atrophy (termed 3a)

Stage 3. Destructive lesion +  Subtotal villous atrophy (3b)

« Total villous atrophy (3c)

Stage 4. Hypoplastic lesion 3 Total villous atrophy with crypt hypoplasia

Oberhuber et al [1999]

1. Small-bowel biopsy can fail to detect histologic changes in the following circumstances: gluten-free diet, early stages of the disease,
patchy mucosal lesions, masking of celiac effect by peptic changes, insufficient number of samples taken, latent celiac disease.

2. Comparisons with other classifications are detailed in Ludvigsson et al [2013].

For asymptomatic relatives who have the HLA-DQ2 or HLA-DQS8 celiac disease-susceptibility haplotype on
molecular genetic testing and negative antibody results, tTG IgA testing should be performed at three- to five-
year intervals to screen for the development of celiac disease-associated antibodies [Husby et al 2012].

Agents/Circumstances to Avoid

Avoid dietary gluten.

Evaluation of Relatives at Risk

Molecular genetic testing of first-degree relatives of a proband for the celiac disease-associated HLA-DQB1/
HLA-DQAT1 haplotypes DQ2 or DQ8 can identify those who are susceptible to developing celiac disease and
who would benefit from serologic testing to screen for celiac disease or silent celiac disease.

Early diagnosis of celiac disease and treatment with a gluten-free diet can prevent secondary complications.

« Individuals who do not have the celiac disease-associated HLA-DQB1/HLA-DQA 1 haplotypes DQ2 or
DQ8 do not need to undergo serologic screening for celiac disease.

« Individuals who have celiac disease-associated HLA alleles (Table 2) are followed by celiac disease-
associated antibody testing at three- to five-year intervals.
Small-bowel biopsy is recommended when celiac disease-associated antibody testing is positive.
A definitive diagnosis of celiac disease is made in a person with a positive small-bowel biopsy and clinical

and/or histologic improvement on a gluten-free diet.

See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.
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Therapies Under Investigation

Several novel therapeutic approaches that potentially could be used as alternatives for or additives to a gluten-
free diet are being investigated (reviewed in Castillo et al [2015] and Rashtak & Murray [2012]):

« Larazotide, a tight junction regulatory peptide that is considered to prevent the passage of gliadin peptides
into the mucosa. This drug is in clinical trials.

« Peptides that block the binding groove of DQ2 and DQ8 to prevent activation of gluten-sensitive T cells.
The viability of this approach is currently uncertain.

 Transglutaminase (tTG) inhibitors

« Cytokine blockers, particularly for refractory celiac disease. Of particular interest is an anti-IL15 antibody.

o Drugs that selectively inhibit leukocyte adhesion and migration of lymphocytes into inflamed tissues

« Detoxifying gluten, using oral proteases. Latiglutenase, a glutenase, is currently in clinical trials.

o Gluten-sequestering polymers. An oral polymeric resin, P(HEMA-co-SS), binds to gluten and is under
study.

« Gluten tolerization. A peptide-based vaccine could desensitize or induce tolerance in individuals with
celiac disease. A prototype vaccine, Nexvax2, involving a set of gluten peptides recognized by HLA-DQ2,
is in clinical trials.

« Rho/Rho kinase inhibition to theoretically reverse gluten-dependent increase in intestinal permeability
[Sollid & Khosla 2011]

 Antibodies to proteins involved in autoimmune pathologies, including anti-IFN-y, anti-CD3, anti-CD20
therapy, and anti-IL-15. [Sollid & Khosla 2011]

 Another approach: interfering with the homing of gluten-specific T cells to the gut mucosa by using CCR9
antagonists. A Phase II clinical trial is listed in Sollid & Khosla [2011].

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for information on clinical studies
for a wide range of diseases and conditions.

Genetic Counseling

Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to
substitute for consultation with a genetics professional. —ED.

Risk to Family Members

In infant feeding studies in children at risk for celiac disease due to the existence of an affected family member,
the major risk for the development of celiac disease was the dosage of the genetic risk (see Table 4). This risk is

compounded by sex (females are at greater risk) and country of residence, with Sweden having the greatest risk
[Liu et al 2014].

o Children who were homozygous for HLA-DQ2 were regarded as high risk; 25.8% who had a double dose
of DQ2 developed celiac disease [Lionetti et al 2014]. This high risk for those children who are
homozygous for HLA-DQ2 was confirmed in another international study of children at risk for celiac
disease due to the presence of these genes.

o Other at-risk HLA-DQ2 or -DQ8 combinations were regarded as low risk / average risk with 15.8%
developing celiac disease while those without either HLA-DQ2 or -DQ8 were regarded as having no risk
[Lionetti et al 2014].


https://clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
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Note: Risks in Table 4 are increased over those in Table 2 due to the existence of a close affected relative.

Table 4. Risk of Developing Celiac Disease to Family Members

Family Member Possible HLA Haplotype Risk of Developing Celiac Disease
Unknown 5%-10% 3 (empiric risk)

Parent of a proband 1> 2
DQ2-positive or DQ8-positive Increased over population risk
Unknown 7%-20% 4 (empiric risk)

Sibs of a proband
Same as proband <40% !
Unknown 5%-10% (empiric risk)

Oftspring %5 DQ2-positive or DQ8-positive Increased over population risk !
Same as proband <40% 3

DQ2-positive = HLA-DQA1*0501 or *0505 and HLA-DQBI*0201 or *0202

DQ8-positive = HLA-DQAI*03 and HLA-DQBI*0302

1. Treem [2004]

2. Children who inherit the same HLA haplotype as the parent are at lower risk than sibs of a proband with the same HLA haplotype
(i.e., <40%) [Treem 2004].

3. Fasano et al [2003], Treem [2004]

4. Treem [2004], Bardella et al [2007], Freeman [2010]

5. The celiac disease-susceptibility HLA status of the proband's reproductive partner is also important as the DQ2 or DQ8 heterodimer
is found in 30%-40% of the general population.

Related Genetic Counseling Issues

See Management, Evaluation of Relatives at Risk for information on evaluating at-risk relatives for the purpose
of early diagnosis and treatment.

DNA banking. Because it is likely that testing methodology and our understanding of genes, allelic variants, and
diseases will improve in the future, consideration should be given to banking DNA from probands in whom a
molecular diagnosis has not been confirmed (i.e., the causative genetic alteration/s are unknown).

Prenatal Testing

While technically possible, prenatal testing of celiac disease-susceptibility HLA variants is not relevant in this
complex disorder because:

o The genetic change is common in the general population;
o The genetic change is predisposing to but not predictive of celiac disease;
o A highly effective treatment is available.

Resources

GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the
information provided by other organizations. For information on selection criteria, click here.

No specific resources for Celiac Disease have been identified by GeneReviews staff.


https://www.ncbi.nlm.nih.gov/books/n/gene/app4/
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Molecular Genetics

Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables
may contain more recent information. —ED.

Table A. Celiac Disease: Genes and Databases

Gene Chromosome Locus  Protein Locus-Specific HGMD ClinVar
Databases
HLA-DQAI 6p21.32 HLA class I HLA-DQA1 HLA-DQA1 HLA-DQA1
histocompatibility antigen, database
DQ alpha 1 chain
HLA-DQBI 6p21.32 HLA class I HLA-DQBI1 HLA-DQB1 HLA-DQB1
histocompatibility antigen, database

DQ(W1.1) beta chain

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt.
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for Celiac Disease (View All in OMIM)
146880 MAJOR HISTOCOMPATIBILITY COMPLEX, CLASS II, DQ ALPHA-1; HLA-DQA1
212750 CELIAC DISEASE, SUSCEPTIBILITY TO, 1; CELIAC1
604305 MAJOR HISTOCOMPATIBILITY COMPLEX, CLASS II, DQ BETA-1; HLA-DQB1

Molecular Pathogenesis

Celiac disease is a multifactorial disorder caused by an immune-mediated response to gliadin (a subcomponent
of gluten) in genetically susceptible individuals leading to inflammation of the small bowel, villous damage, and
resultant malabsorption. Haplotypes across adjacent HLA-DQAI and HLA-DQBI known to be associated with
celiac disease susceptibility are necessary but not sufficient to cause the disease. The etiology of many of the
extraintestinal manifestations has not been fully elucidated. Other genes (many involved in the immune system
or in intestinal permeability) and environmental factors are involved.

The Immunologic Mechanisms of Celiac Disease

When working properly, inflammatory mechanisms and immunologic responses in the digestive system provide
protection from bacteria, toxins, and other foreign elements in the food and water supply. IgA, made in
abundance by the intestinal immune system, is important in local (mucosal) immunity. In celiac disease,
inappropriate immune responses lead to chronic inflammation and damage. The two main categories of immune
response involved in celiac disease are: the adaptive immune response (HLA-specific) and the innate immune
response (independent of HLA type).

Gene structure. HLA-DQAI and HLA-DQBI are adjacent MHC class II genes that lie in the HLA gene complex.

Pathogenic variants. The combination of sequence variants across HLA-DQA1 and HLA-DQBI define the
haplotype for the HLA-DQ protein. Due to the proximity of HLA-DQA1 and HLA-DQBI to other HLA class II
genes (e.g., HLA-DR), haplotype blocks may extend beyond these genes.

Normal gene product. The HLA-DQ protein is a heterodimer, encoded by adjacent HLA-DQA1I (encodes the
alpha-chain) and HLA-DQBI (encodes with beta-chain), found on the surface of antigen-presenting cells
(APCs).


https://www.ncbi.nlm.nih.gov/gene/3117
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=3117
http://www.uniprot.org/uniprot/P01909
http://www.uniprot.org/uniprot/P01909
http://www.uniprot.org/uniprot/P01909
http://databases.lovd.nl/shared/genes/HLA-DQA1
http://databases.lovd.nl/shared/genes/HLA-DQA1
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=HLA-DQA1
https://www.ncbi.nlm.nih.gov/clinvar/?term=HLA-DQA1[gene]
https://www.ncbi.nlm.nih.gov/gene/3119
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=3119
http://www.uniprot.org/uniprot/P01919
http://www.uniprot.org/uniprot/P01919
http://www.uniprot.org/uniprot/P01919
http://databases.lovd.nl/shared/genes/HLA-DQB1
http://databases.lovd.nl/shared/genes/HLA-DQB1
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=HLA-DQB1
https://www.ncbi.nlm.nih.gov/clinvar/?term=HLA-DQB1[gene]
http://www.genenames.org/index.html
http://www.omim.org/
http://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app1/
https://www.ncbi.nlm.nih.gov/omim/146880,212750,604305
https://www.ncbi.nlm.nih.gov/omim/146880
https://www.ncbi.nlm.nih.gov/omim/212750
https://www.ncbi.nlm.nih.gov/omim/604305
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Abnormal gene product. Variant proteins encoded by haplotypes HLA-DQ2 and HLA-DQS8, referred to as DQ2
and DQ8, are the single most important genetic risk factor in celiac disease susceptibility, with the remainder of
disease susceptibility attributed to unknown sequence variants in non-HLA genes. Haplotypes with DQ2-
associated variants in either HLA-DQA1I or HLA-DQBI are referred to as half-DQ2.

The great majority (>90%) of individuals with celiac disease express at least one copy of DQ2, referred to as
being DQ2-positive, and most of the remainder express at least one copy of DQS8, referred to as DQ8-positive
(see Table 1 and Table 2). A small percentage express a half-DQ2 variant. DQ2 and DQ8 confer susceptibility to
celiac disease by presenting the gliadin subcomponent of gluten to specific CD4+ T-helper cells of the immune
system in the intestinal mucosa (see Figure 5 and Figure 6) [Sollid 2002, Sollid & Lie 2005].

The DQ2 at-risk haplotypes include several allelic variants of HLA-DQAI and HLA-DQBI that extend into
HLA-DR. At-risk individuals:

« Have the DR17-DQ2 celiac disease-susceptibility haplotype [HLA-DRB1*0301;HLA-DQAI*0501;HLA-
DQBI*0201];

OR

o Are heterozygous for the celiac disease-susceptibility haplotypes DR11 or DR12-DQ7 [HLA-
DRBI*11/12;HLA-DQAI1*0505;DQBI*0301] or DR7-DQ2 [HLA-DRBI*07;HLA-DQA I*0201;HLA-
DQBI*0202].

Individuals with celiac disease who have DQ8 have the DR4-DQ8 celiac disease-susceptibility haplotype (HLA-
DRBI1*04;HLA-DQA1*03;HLA-DQBI1%0302) [Sollid & Lie 2005] (see Figure 1).

Tissue transglutaminase (tTG), an enzyme found in every tissue of the body, protects the body through wound
healing and bone growth. In the intestine, tTG deamidates gliadin, introducing negative charges to the gluten
peptides. Both DQ2 and DQ8 preferentially bind these negatively charged deamidated gluten peptides (see
Figure 5 and Figure 6). Gluten-reactive T-helper cells (positive for the surface marker CD4) become activated
upon recognition of deamidated gluten peptides bound to DQ2 or DQ8 and produce cytokines including
interferon gamma (IFN-y). The ensuing inflammatory response results in the release of additional cytokines and
chemicals leading to villous damage and atrophy. In response to inflammation, plasma cells in the inflamed
intestinal tissue release antibodies including anti-gliadin and anti-endomysial antibodies and the autoimmune
antibody against tTG (see Figure 6) [Treem 2004, Alaedini & Green 2005, Sollid & Lie 2005].

Innate Immune Response

In addition to the adaptive immune response (see Figure 5), an innate response involving intraepithelial CD8*
cytotoxic T lymphocytes (IELs) plays a role in the pathogenesis of celiac disease. In individuals with celiac
disease, gluten independently induces epithelial stress through overproduction of interleukin-15 cytokine
(IL-15) from IELs. Other stress-response proteins are also induced and confer NK-like properties to CD8* T
cells, which then attack intestinal epithelial cells indiscriminately, leading to intestinal damage [Hiie et al 2004,
Jabri et al 2005] (see Figure 6).
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CD4*T Cell

Figure 5. Gluten-reactive CD4+ T-helper cells (with cell-surface CD4 markers) become activated upon recognition by a T-cell receptor
of gluten peptides presented by HLA-DQ2 or HLA-DQS8 protein molecules on the surface of antigen-presenting cells (APCs) in the
lamina propria.

Modified and expanded from Sollid [2002]. With permission from LM Sollid, MD.
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Figure 6. The celiac small intestinal lesion showing both adaptive and innate immune mechanisms

A. Gluten peptides are transported across the epithelial barrier and are deamidated by tissue transglutaminase (tT'G). CD4+ T cells in
the lamina propria recognize the gluten peptides presented by HLA-DQ2 or HLA-DQ8 molecules on the cell surface of the antigen

presenting cells. In the epithelium-infiltrated CD8+ T cells express NK cell receptors, such as NKG2D. B cells specific for gluten and
tTG are in the lamina propria.

B. Intraepithelial T cells, upregulated by NKG2D, can kill enterocytes expressing MIC molecules directly or by reducing the T-cell
receptor (TCR) activation threshold. Gluten can induce NKG2D and MIC expression by stimulating the expression of IL-15.

C. HLA-DQ2 and -DQ8 molecules bind with increased affinity gluten peptides deamidated by tTG.
D. Gluten-specific T cells control the formation of antibodies to tTG by intramolecular help.

From Sollid & Jabri [2005], with permission from LM Sollid, MD
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