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HLA class II genes in precision-based care of childhood
diseases: what we can learn from celiac disease
Giovanna Del Pozzo1, Federica Farina1, Stefania Picascia2, Mariavittoria Laezza1, Serena Vitale2 and Carmen Gianfrani2,3

Celiac disease (CeD) is a chronic immuno-mediated enteropathy caused by dietary gluten with marked autoimmunity traits. The
human leukocyte antigen (HLA) class II heterodimers represent the main predisposing factor, although environmental agents, as
viral infection, gut microbiota, and dietary regimen, also contribute to CeD risk. These molecules are involved in autoimmunity as
they present self-antigens to autoreactive T cells that have escaped the thymic negative selection. In CeD, the HLA class II risk
alleles, DQA1*05-DQB1*02 and DQA1*03-DQB1*03, encode for DQ2.5 and DQ8 heterodimers, and, furthermore, disease
susceptibility was found strictly dependent on the dose of these genes. This finding questioned how the expression of HLA-DQ risk
genes, and of relative surface protein on antigen-presenting cells, might be relevant for the magnitude of anti-gluten inflammatory
response in CeD patients, and impact the natural history of disease, its pathomechanisms, and compliance to dietary treatment. In
this scenario, new personalized medical approaches will be desirable to support an early, accurate, and non-invasive diagnosis, and
to define genotype-guided preventive and therapeutic strategies for CeD. To reach this goal, a stratification of genetic risk, disease
outcome, and therapy compliance based on HLA genotypes, DQ2.5/DQ8 expression measurement and magnitude of T cell
response to gluten is mandatory.
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IMPACT:

● This article revises the current knowledge on how different HLA haplotypes, carrying the DQ2.5/DQ8 risk alleles, impact the
onset of CeD.

● This review discusses how the expression of susceptibility HLA-DQ genes can determine the risk assessment, outcome, and
prevention of CeD.

● The recent insights on the environmental factors contributing to CeD in childhood are reviewed.
● This review discusses the use of HLA risk gene expression as a tool to support medical precision approaches for an early and

non-invasive diagnosis of CeD, and to define genotype-guided preventive and therapeutic strategies.

INTRODUCTION
In the past decades, advances in genetics knowledge and
availability of big clinical and biological data have deeply changed
the healthcare approach. A “precision medicine,” tailored on
person’s genetic background, lifestyle, and environment, has
gradually replaced the “one-size-fits-all” curative approach.1 The
successful potentiality of this emerging approach in medical
practice for treatment and prevention of diseases is primarily
dependent on individual genetic variability.
The major histocompatibility complex (MHC) or human leuko-

cyte antigens (HLA) in humans is fundamental in the immune
surveillance to microbial infections and neoplastic cell transforma-
tion. Owing to precise bindings of antigenic peptides, HLA
molecules activate specific T cell-mediated response, with key
role in disease prevention or outcome. However, certain HLA
heterodimers of class II region are deleterious in autoimmunity, as
they present self-antigens to autoreactive T cells that have
escaped the thymic negative selection.2 The HLA region includes
a cluster of highly polymorphic genes that represents a sort of

person’s ID card. HLA class I and class II genes encode for
heterodimeric proteins that, in specialized antigen-presenting
cells (APCs), bind short peptides from a large diversity of
immunogenic proteins. In autoimmune diseases (ADs), the HLA
class II genes represent the main genetic predisposing factor, as
the encoded molecules present self-antigenic peptides to T cells
that survived the central immune tolerance.3 The activation of
autoreactive T cells triggers an inflammatory cascade that leads to
the destruction of own tissue.4

CeD, is an autoimmune-like food intolerance,5 occurring in
subjects carrying DQA1*05-DQB1*02 (DR3/DQ2.5 haplotype) and
DQA1*03-DQB1*03 (DR4/DQ8 haplotype) risk alleles. Very fre-
quently, children with CeD are also affected by type 1 diabetes
(T1D), due to the common HLA risk genes and pathomechanisms,
although target organs and penetrance in the general popula-
tion are different.6 Of note, children carrying both HLA-DQ2.5/
DQ8 genes have a higher risk to have CeD and T1D comorbidities
than the single disease alone.7 It has been demonstrated that
predisposing DQ2.5 and DQ8 molecules present gluten- and
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proinsulin-derived peptides more efficiently if post-translationally
modified by an enzymatic reaction that deamidates glutamine in
glutamic acid. The preferential binding of DQ2.5/DQ8 to
negatively charged residues is a prerequisite to activate the
autoantigen-reactive CD4+ T cells.8

This review discusses the current knowledge on the role of HLA
class II genes in T cell response to gluten, and how the expression
of HLA susceptibility genes can be used to better determine the
risk assessment, outcome, and prevention of CeD.

CORRELATION BETWEEN WORLDWIDE SPREADING OF CED
INTOLERANCE AND HLA CLASS II GENES
CeD is a complex and multifactorial pathology in which both
genetic and environmental factors contribute to the disease
onset.9 The main genetic risk for CeD is represented by DQA1 and
DQB1 genes at HLA class II locus, encoding, respectively, the α and
β chain of the HLA-DQ heterodimers. In particular, the great
majority of patients (90–95%) express DQ2.5 heterodimer,
encoded by DQA1*05 and DQB1*02 alleles, either in cis or in
trans configuration, and carried by DR3-DQ2.5 and DR5-DQ7/DR7-
DQ2.2 haplotypes, respectively. The remaining 5–10% of patients
express the DQ8 heterodimer, encoded by DQA1*03 and DQB1*03
alleles carried by DR4-DQ8 haplotype. However, recent genome-
wide association studies (GWAS) have identified a number of loci,
located outside the MHC region, as additional genetic factors
associated with increased risk to have CeD.10

The HLA-DQ2.5/DQ8 risk alleles are in the genome of 30–35% of
Caucasian populations; however, <2% of them develops CeD,
indicating that the presence of these specific HLA genes is
necessary but not sufficient for the onset of the disease. Various
environmental agents have been hypothesized to act as predis-
posing factors, among them the increased consumption of gluten-
containing cereals, such as wheat, barley, and rye, has been
accounted as the main one.11,12 In the recent years, the CeD is
markedly raised in Asia, especially in the Southeastern part of the
continent, because of a progressive Westernization of the diet
with the introduction of a large amount of gluten-rich food, such
as pizza and pasta.13 The worldwide incidence of CeD significantly
correlates with the frequency of HLA risk genes and wheat intake,
which globally ranges between 21 and 564 g per person per day.12

Notably, in the African continent, the Burkina Faso records an
almost absence of CeD diagnosis, as well as a very low frequency
of HLA-DQ2.5/DQ8 genes combined to low wheat consumption.14

Nevertheless, in some countries, this direct correlation between
CeD prevalence and HLA/wheat risk factors was not observed. For
example, the neighboring countries of Algeria and Tunisia
consume an elevated quantity of wheat and barley, and present
similar frequency of DR3-DQ2.5 and DR4-DQ8 haplotypes; never-
theless, their CeD prevalences are totally different (5.6% in Algeria
and 0.28% in Tunisia).15 This co-occurrence of the two risk factors
is known as the “evolutionary paradox of CeD” and is explained by
the positive role of CeD-predisposing haplotypes in the popula-
tions that have based their diet on wheat.15 A positive selection of
the HLA-DQ2 genotype has been proposed because it is
associated with the protection against dental caries, a disease
causing a tremendous negative impact on the health and
reproductive fitness of ancient populations.12

In Europe, a large variability of CeD frequency is reported,
ranging from 1.6 to 2.3% in Finland, Sweden, and Italy to 0.3% in
Germany.16–18 The comparable levels of gluten intake and of HLA
risk alleles frequency in these countries suggest that other genetic
and/or environmental factors might contribute to CeD
development.
However, a great geographical variability exists in the frequency

of the different haplotypes carrying the DQ2 and DQ8 risk genes.
In a study on a prospective cohort of pediatric CeD patients from
Southern Europe, it has been reported that the frequency of DR7-

DQ2 haplotype is higher in Southern Europe than in other
Caucasian populations, in accordance with what is reported in
adults. Delgado et al.19 noted similar phenotypic profile of the
disease, including clinical and histological characteristics, between
children carrying HLA DR3-DQ2.5 (80.2% in their cohort of enrolled
patients) and HLA DR7-DQ2.2 (9.9%) haplotypes in the absence of
DR3-DQ2.5, highlighting that HLA DR7-DQ2.2 haplotype should be
typed for a correct screening of risk in this geographic area.
The multinational study (TEDDY) assessed the CeD incidence on

a large group of children at high genetic risk for both T1D and
CeD, identified at birth on the basis of their DR3-DQ2.5 or DR4-
DQ8 haplotypes. Teddy study has also evaluated the effects of sex,
family history of CeD, and country of origin. The young patients
that carry DR3-DQ2.5, especially homozygotes, were found to be
at high CeD risk early in childhood. In particular, the frequency of
DR3-DQ2.5 haplotype among children, who had a first-degree
relative with CeD, was higher than the frequency among subjects
without affected family members (86% vs. 62%).20 Similar results
on the highest risk carried by homozygous HLA DR3-
DQ2.5 subjects were obtained by the PreventCeD study, which
monitored newborns’ first-degree relatives of celiac patients for
CeD onset since birth.21

FROM DIAGNOSIS TO FOLLOW-UP
CeD diagnosis, both in children and adults, has been provided by
the determination of IgA antibodies against type-2 (tissue)
transglutaminase (anti-tTG) and IgA endomysial antibodies
(EMA-IgA), HLA-DQ2, and/or DQ8 genotype and by the evaluation
of the histological lesion through endoscopic biopsies taken from
the second or third part of the duodenum. Recently, ESPGHAN
(The European Society for Pediatric Gastroenterology Hepatology
and Nutrition, http://www.espghan.org/) has issued new guide-
lines for the diagnosis of CeD in children, according to which
biopsy is no longer necessary in pediatric patients, in the presence
of symptoms, serological positivity (high-serum tTG-IgA, ≥10 ×
ULN (upper limit of normal)) and HLA risk genes.22,23 Conversely,
HLA-DQ2 and DQ8 typing is not required in patients with positive
tTG-IgA and villous atrophy or with high tTG and EMA positivity.
Therefore, the typing of HLA-DQ loci resulted to be particularly
useful to refine and/or complete the diagnostic work-up for CeD in
some complex clinical cases, where the absence or presence of
DQ2/DQ8 genes can, respectively, rule out or support the
diagnosis.
The only therapy currently available is the gluten-free diet

(GFD), which consists of the total exclusion of gluten from the diet.
If GFD is carefully respected, results in a full recovery of gut
mucosa morphology and function, and positively influencing the
clinical course of any ADs might be associated with CeD.24–26

A follow-up within 6–12 months from diagnosis, and subse-
quently every 1–2 years, is necessary to verify the adherence to
the GFD, the nutritional adequacy, and to improve the patient’s
quality of life. However, although GFD is advantageous for the
restoration of the normal morphology and functionality of the
intestinal mucosa, it does not guarantee the recovery of immune
tolerance to gluten, even after many years of strict GFD.26

CROSSTALK AMONG APC AND T CELLS IN THE
INFLAMMATORY RESPONSE TO GLUTEN
Professional APCs are a heterogeneous population of cells,
including dendritic cells (DCs), macrophages (MФ), and B cells,
specialized in antigen presentation, that express HLA molecules
on cells’ surface. The CeD-associated DQ2 and DQ8 heterodimers
bind with high-affinity peptides containing negative charged
amino acids at the HLA anchor residues (P4, P6, and P7 position
for HLA-DQ2.5, at P1 and P9 for HLA-DQ8).27 Gluten proteins have
few negatively charged residues, although having many
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glutamines that are a good substrate for the enzymatic activity of
tTG. This ubiquitous enzyme is activated by the inflammatory
conditions, such as those of celiac intestinal mucosa, and catalyses
a covalent process converting glutamine (neutrally charged) in
glutamic acid (negatively charged), within the consensus
sequences QXP, particularly abundant in gluten proteins.28 Thus,
deamidation process provides negative charges necessary to
strongly favor the binding of peptides to DQ2.5 and DQ8 molecule
on the surface of APC. Among APCs, intestinal DCs are pivotal in
activating celiac T cells. In CeD patients, the participation of
diverse DC subsets in the pathological processes of CeD, as well as
the involvement of tolerogenic DCs in Tregs’ development, has
been demonstrated.29 According to these findings, Raḱi et al.30

observed an accumulation of CD11c+ DCs in celiac lesions, able to
activate gluten-reactive T cells. Especially interferon-α (IFNα)-
producing DCs contribute to the T-helper type 1 response in celiac
disease.31

Among APCs, MФ from patients with CeD has shown greater
antigen-presenting ability, which is exemplified by the upregu-
lated expression of the co-stimulatory molecules CD80, CD86, and
CD40, and a more highly activated state of T cells.32 Gliadin
triggers a potent pro-inflammatory phenotype in human primary
MФ and a higher abundance of total macrophages from intestinal
biopsies of CeD patients was confirmed when compared to
healthy controls.33 As a consequence of the environmental stimuli,
a significant increase of several pro-inflammatory cytokines and
chemokines in young CeD patients (median age 6.5 years) was
found correlating with small bowel mucosa inflammation and
damage.34

B cells play a very important role in CeD considering that
gluten-specific T cells induce B lymphocytes to produce anti-
bodies directed against deamidated gluten peptides and tTG
reflecting efficient T–B collaboration. A recent study35 suggested
that B cells produce antibodies targeting an N-terminal epitope of
tTG and this event coincides with clinical onset of CeD,
demonstrating that tTG-reactive B cells with this epitope
specificity could be the main APC for autoantigen-specific T
lymphocytes in CeD patients. A subset of plasma cells has also
been identified from intestinal biopsies of patients expressing B
cell receptors specific for gluten peptides or tTG. These plasma
cells, expressing HLA class II genes, are the most abundant APC
presenting the immunodominant gluten peptide DQ2.5-glia-α1a
in the tissues from these patients and contemporaneously
promote and maintain intestinal inflammation.36

Since gluten constitutes a very heterogeneous family of
proteins, it is not surprising that many distinct T cell epitopes
arise from its hydrolysis. The repertoire of gluten epitopes
comprises a broad spectrum of peptides stimulating CD4+

T cells. Many distinct epitopes recognized by CeD-associated
HLA molecules, especially HLA-DQ2.5, have been identified in all

wheat gluten family, as well as in all related prolamins of rye and
barley, particularly, three of them from α-, ω-, and γ-gliadins were
defined immunodominant. Several studies have addressed the
repertoire of wheat gluten epitopes in adults and pediatric
patients and hierarchy of dominant epitopes,21,37–39 some of them
originated by tTG post-translational modification. A recent work
demonstrated that children and adults with untreated CeD have T
cell reactivity to a broad range of gluten peptides at the time of
diagnosis, and that T cells from children equally react to both
native and tTG deamidated gluten peptides.30 Interestingly, the
reactiveness of T cells to gluten immunogenic peptides is highly
variable, and a hierarchy of gluten epitopes has been reported
both in children and in adults patients.38,39 These findings have an
impact on the definition of the pool of immunodominant gluten
epitopes, with implications for precision therapeutic approaches
based on peptide-based immunotherapy.30

FROM GENE DOSAGE TO EXPRESSION MODEL OF HLA RISK
GENES IN CED
As described above, the adaptive CD4+ T cell response to wheat
gluten is the key step in CeD pathogenesis. However, the anti-
gluten T cell response must achieve a certain threshold in order to
be pathogenic and to induce intestinal damage. To reach this
threshold, several factors are important, that is, a number of HLA
molecules and amount and stability of gliadin-HLA complex
expressed on APC surface stimulating the CD4+ T cells.15 In this
contest, a “gene dosage model,” correlating the HLA-DQ antigen
presentation of gluten epitopes to intestinal CD4+ T cell response,
has been proposed, which is useful to explain the risk stratification
associated with disease development. Accordingly, the strength of
the pathogenetic CD4+ T cell response to gluten epitopes should
be strictly dependent on the DQA1*05 and DQB1*02 number of
alleles carried by APCs, which establish the amount of DQ2.5
heterodimers presenting antigenic peptides on APC surface.
Individuals homozygous for the DR3-DQ2.5 haplotype, carrying
two copies of DQA1*05:01 and DQB1*02:01 alleles, showed the
highest risk disease (see Table 1) and induced the highest T cell
response,40 as well as subjects with DR3-DR7/DQ2.5-DQ2.2
genotype carrying one copy of DQA1*05:01 and two copies of
DQB1*02 alleles. Nevertheless, DR5-DR7/DQ7-DQ2.2 individuals,
with only one copy of DQA1*0505 and DQB1*0202 alleles in trans
configurations, are in the high-risk class. Unexpectedly, DR3-DRX/
DQ2.5-DQX subjects, also with only one copy of DQA1*0501 and
DQB1*0201 alleles in cis configuration, as well as DR3-DR5/DQ2.2-
DQ7 subjects, with two copies of DQA1*05 alleles (more
specifically of DQA1*05:01 and DQA1*05:05) and one copy of
DQB1*02 allele, are included in moderate risk class (see Table 1).
We highlight that the DQA1*05:01 allele of the DR3-DQ2.5
haplotype was almost identical to the DQA1*05:05 allele of the

Table 1. Risk classification according to genotype.

DR genotypes DQ alleles DQ heterodimers Risk for celiac disease

DR3
DR3

DQA1*0501-DQB1*0201
DQA1*0501-DQB1*0201

DQ2.5
DQ2.5

Very high
DQ2.5 in cis with two copies of DQA1*05 and DQB1*02

DR3
DR7

DQA1*0501-DQB1*0201
DQA1*0201-DQB1*0202

DQ2.5
DQ2.2

Very high
DQ2.5 in cis with one copy of DQA1*05 and two copies of DQB1*02

DR5
DR7

DQA1*0505-DQB1*0301
DQA1*0201-DQB1*0202

DQ7
DQ2.2

High
DQ2.5 in trans with one copy of DQA1*05 and DQB1*02

DR3
DRX

DQA1*0501-DQB1*0201
DQA1*-DQB1*

DQ2.5
DQX

Moderate
DQ2.5 in cis with one copy of DQA1*05 and one copy of DQB1*02

DR3
DR5

DQA1*0501-DQB1*0201
DQA1*0505-DQB1*0301

DQ2.5
DQ7

Moderate
DQ2.5 in cis and trans with two copies of DQA1*05 and one copy of DQB1*02
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DR5-DQ7 haplotype (only differing at one single residue in the
leader sequence), and the DQB1*02:01 allele of the DR3-DQ2.5
was almost similar to the DQB1*02:02 allele of the DR7-DQ2.2
haplotype (only differing at one single residue at position 135 in
the membrane-proximal domain).41 As a matter of fact, the risk
classifications cannot be exhaustively explained by the “gene
dosage model,” because many incongruities exist between the
number of predisposing alleles and the different class of risk. One
possible explanation invokes the contribution of other loci in
linkage with HLA class II, including HLA class I genes. A GWAS
identified as additional risk regions the class I, in particular with
B*0801 allele, in strong linkage disequilibrium with DR3-DQ2.5
genes.10 Of note, a recent study from our group has demonstrated
the presence in CeD patients of CD8+ T cells reactive to HLA class
I-restricted gliadin peptides and releasing a high amount of
IFNγ.42,43

Recent research by our group addressed the question with a
different approach. The RNA amount of DQA1*05 and DQB1*02
risk alleles was measured in APC with DQ2.5 genes either in cis
(DR1/DR3)44 or trans (DR5/DR7)45 configurations. We demon-
strated that the risk alleles, when in heterozygosis, are more
expressed than non-CeD-associated allele on the other chromo-
some, in different haplotypes. In other words, one copy of risk
allele is sufficient to synthesize high RNA amount, not statistically
different with respect to the quantity produced by double copies
of alleles. As a consequence, APC carrying homozygous genotype
DR3-DQ2.5, heterozygous DR3-DR1/DQ2.5-DQ5, and DR5-DR7/
DQ7-DQ2.244,45 genotypes induce high expression of DQα1*05
and DQβ1*02 protein chains. This results in a comparable DQ2.5
heterodimer density on APC either homozygous or heterozygous,
generating a similar number of HLA–gliadin complexes. Gliadin-
specific CD4+ T cell proliferation and IFNγ production does not
change when these effector cells are stimulated by APC with
different genotypes.
These findings provide a new model (see Fig. 1) in which the

achievement of the threshold to activate pathogenic CD4+ T cell
response is dependent on the expression of HLA risk genes and
not on the gene dosage. One main consequence of this
phenomenon is that the magnitude of the CD4+ T cell response
depends on the antigen concentration and, therefore, by the
amount of dietary gluten released in gut lumen upon the
proteolytic digestive process.

HLA-DQ RISK ALLELES’ DIFFERENTIAL EXPRESSION
The differential expression of HLA class II risk alleles is a
phenomenon that we also demonstrated in T1D and multiple
sclerosis. These autoimmune diseases are associated with different
DQ or DR predisposing alleles that, when in heterozygous, show
the expression >50%, influencing the density of HLA molecules
presenting self-antigens.46,47 Similarly, other groups demonstrated
high expression of risk genes associated with different auto-
immune pathologies, such as vitiligo48,49 and systemic lupus
erythematosus.50 In order to unravel the mechanism of differential
expression, we investigated the gene regulation through the click-
iT chemistry. We demonstrated that the great expression of risk
alleles DQA1*05 and DQB1*02 is mainly determined by a high rate
of transcription of risk alleles with respect to the non-CeD-
associated alleles45. This differential expression might be conse-
quent to the presence of regulatory motives in the intergenic
regions at the HLA locus.51 It is known that a regulative function
has been assigned to XL9 site,52 located in the intergenic region
between DRB1 and DQA1. This region shows high levels of
acetylation, associated with more accessible chromatin, in which
binding sites of many transcription factors have been identified.50

As a consequence, polymorphism in this regulatory region
impacts on the function of transcription factors and on the
expression of HLA genes. In addition to specific single variants,
also multiple haplotype changes53 may determine increased gene
expression. These intergenic regulatory variants, and/or haplotype
polymorphisms, might explain the high mRNA level of DQA1*05
and DQB1*02 alleles in cis or trans configurations with respect to
non-CeD-associated alleles.

FUTURE PERSPECTIVE FOR A PRECISION ASSESSMENT OF CED
RISK BASED ON HLA GENE EXPRESSION
The strict correlation between the positivity for HLA-DQ2.5/DQ8
alleles and the risk to have CeD has been assessed for a long time.
Furthermore, it is also known that risk contribution depends on
the various HLA-DQ2.5/DQ8 carrying haplotypes.54 However, the
open question concerns the measurement and precise prevision
to develop a disease that can affect people even late in life. It is
also conceivable that a more precise evaluation of CeD risk may
bring out the submerged part of the “celiac iceberg,” a still timely
epidemiological model. According to this model, only a small
fraction of cases are clinically diagnosed, whereas most part of
cases remains underdiagnosed, having atypical and/or pauci-
symptomatic clinical presentations.55,56 A more precise risk
assessment could improve the quality of life also for those
children being first-degree relatives of CeD patients.
Several papers reported a risk gradient for CeD according to

homozygous or heterozygous DQ2 genotype and associated with
the presence of at least a copy of DQA1*05. Recent meta-analysis
emphasized that also a single “dose” of HLA-DQB1*02 is
associated with a relatively high risk for pediatric CeD.57–59

However, as discussed above, the gene dosage model is not
satisfactory to explain the correlation between the number of
predisposing genes and the various classes of risk to have CeD.
Based on our recent findings, we propose the “gene expression
model” that could fill the non-sufficient “gene dosage model.” We
demonstrated that the mean percentages of expression of
DQA1*05 and DQB1*02 risk alleles are, respectively, ~75–76%
with respect to 24–25% of non-CeD-associated alleles.45 More
interesting, a significant difference in the risk allele expression was
measured in APCs from celiacs with respect to healthy controls.
Indeed, the differences corresponded to an increment of 7–8%
DQ2 mRNA. These Δ value, if further confirmed in larger celiac
cohorts, could represent a valid tool to have an early diagnosis for
family members of affected subjects, or to estimate the times
required for disease remission in patients on GFD. In addition,
following the analysis of a large number of patients, our final goal

Genes DQB1

0201

0501

0501

0101

DQA1

Alleles

mRNA copies

DQ2.5 DQ2 DQ5 DQ5DQ2.5 DQ2.5 DQ2.5 DQ2.5HLA-DQ
heterodimer

Gluten
peptides

Fig. 1 The HLA haplotype carrying the DQ2.5 encoding genes,
DQB1*02 and DQA1*05, is associated with a high/moderate risk
to develop CeD. Interestingly, CeD-associated DQA1*05 and
DQB1*02 mRNAs are more abundant than non-CeD-associated
mRNA amount. The differential expression determines a high
expression of HLA-DQ2.5 heterodimer on the surface of APC. As
consequence, the expression of predisposing HLA genes became so
influential along with the genetic configuration.
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will be to use the Δ value for the assignment of subjects to
different class of CeD risk.

CONCLUSION
Our findings demonstrated the relevance of expression dosage
with respect to gene dosage for HLA class II predisposing alleles in
the establishment of autoimmunity. Moreover, the assessment of
expression could represent a promising marker to classify the level
of CeD susceptibility, to support diagnosis for family members of
pediatric patients and compliance to GFD therapy.
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