original article

Programa de Pós-Graduação em
Saúde da Criança e do Adolescente,
Universidade Federal do Rio
Grande do Sul (UFRGS), Porto
Alegre, RS, Brasil. Universidade
de Santa Cruz do Sul (Unisc),
Santa Cruz do Sul, RS, Brasil
2
Departamento de Genética,
UFRGS, Porto Alegre, RS, Brasil
3
Instituto da Criança com Diabetes,
Hospital da Criança Conceição,
Porto Alegre, RS, Brasil
4
Programa de Pós-Graduação em
Saúde da Criança e do Adolescente,
UFRGS, Porto Alegre, RS, Brasil
5
Programa de Pós-Graduação
em Saúde da Criança e do
Adolescente, UFRGS, Porto Alegre,
RS, Brasil. Departamento de
Genética, UFRGS, Porto Alegre,
RS, Brasil. Instituto Nacional de
Genética Médica Populacional,
Porto Alegre, RS, Brasil
6
Programa de Pós-Graduação em
Saúde da Criança e do Adolescente,
UFRGS, Porto Alegre, RS, Brasil.
Hospital da Criança Santo
Antônio, Porto Alegre, RS, Brasil
1

Study linked at the
Pós-Graduação em Saúde da
Criança e do Adolescente,
Universidade Federal do Rio
Grande do Sul (UFRGS), Porto
Alegre, RS, Brasil
Correspondence to:
Marília D. Bastos
Rua Fernando Abott, 391, sala 204
96810-072 – Santa Cruz do Sul,
RS, Brasil
mdbastos@unisc.br
Received on Nov/02/2016
Accepted on Mar/26/2017

Search for DQ2.5 and DQ8
alleles using a lower cost
technique in patients with type 1
diabetes and celiac disease in
a population of southern Brazil
Marília D. Bastos1, Thayne W. Kowalski2, Márcia Puñales3, Balduíno Tschiedel3,
Luiza M. Mariath2, Ana Luiza G. Pires4, Lavínia S. Faccini5, Themis R. Silveira6

ABSTRACT
Objective: To evaluate the frequency of DQ2.5 and DQ8 alleles using the Tag-single-nucleotide
polymorphism (Tag-SNP) technique in individuals with type 1 diabetes mellitus (T1DM) and celiac
disease (CD) in southern Brazil. Materials and methods: In a prospective design, we performed
the search for DQA1*0501 and DQB1*0201 alleles for DQ2.5 and DQB1*0302 for DQ8 through RealTime Polymerase Chain Reaction (RT-PCR) technique, using TaqMan Genotyping Assays (Applied
Biosystems, USA). The diagnosis of CD was established by duodenal biopsy and genotypic
determination performed by StepOne Software v2.3. Allelic and genotypic frequencies were
compared between groups using Chi-square and Fisher’s exact tests and the multiple comparisons
using Finner’s adjustment. Results: Three hundred and sixty two patients with a median age of
14 years were divided into 3 groups: T1DM without CD (264); T1DM with CD (32) and CD without
T1DM (66). In 97% of individuals with T1DM and CD and 76% of individuals with CD without T1DM,
respectively, the alleles DQ2.5 and/or DQ8 were identified (p < 0.001). DQ2.5 was more common in
individuals with CD (p = 0.004) and DQ8 was more common in individuals with type 1 diabetes (p =
0.008). Conclusions: The evaluation of the alleles for DQ2.5 and DQ8 by Tag-SNP technique showed a
high negative predictive value among those with T1DM, similar to that described by the conventional
technique. The high frequency of DQ8 alleles in individuals with T1DM did not allow differentiating
those at higher risk of developing T1DM. Arch Endocrinol Metab. 2017;61(6):550-5
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INTRODUCTION
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C

eliac disease (CD) is a chronic and permanent
enteropathy caused by intolerance to gluten
proteins of wheat, rye, barley in genetically-predisposed
subjects (1). The immunological base of CD results
from an imbalance of the innate and adaptive immune
systems. In these conditions, gliadin, the main
toxic component of gluten, crosses the intestinal
epithelium activating the adaptive immune system
and determining an increase in intestinal permeability.
Peptides contained in gluten go through the lamina
propria, where they can be de-starched by the tissue
transglutaminase (TTG) enzyme. Such peptides are
presented by HLA class II molecules (DQ2 and DQ8),
which promote the activation of tissue inflammation
effector cells seen in CD: CD4 helper T lymphocytes (2).
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The combination of alleles will determine a higher
or lower risk of developing the diseases. The alleles
DQB1*0201 and DQA1*0501 form haplotype
DQ2.5; the alleles DQB1*0302 and DQA1*0301
form haplotype DQ8. There are also combinations
DQA1*0201 and DQB1*0202 the form haplotype
DQ 2.2 and alleles DQA1*0505 and DQB1*0301 that
form haplotype DQ7. In the case of CD, the higherrisk combinations are DQ2.5 and DQ8 or DQ2.5 in
homozygous form (3).
There is wide variation in the prevalence of CD in
different countries. In Europe and the United States,
the prevalence varies between 1 and 3% in the general
population (4). The prevalence of CD confirmed by
biopsy, in studies performed in Brazil to date, show a
variation of 0.15 to 1.94% (5).
Arch Endocrinol Metab. 2017;61/6
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risk factor (12,13). Among the identified risk alleles,
we highlight HLA-DQA1*05 and DQB1*02 on
chromosomes 6p21, which can estimate a high negative
predictive value for CD, but a low positive predictive
value, since 35 to 40% of the population usually have
one or both alleles (14,15).
CD screening in patients with T1DM is
recommended, aiming at reducing both the morbidity
of T1DM and the consequences of untreated CD,
even if it is asymptomatic (16,17). Consequently, with
the genetic investigation of these groups, we hope
to rationalize the performance of high-cost tests that
would not help in the identification of the groups with
the concomitant diseases.
The aim of this study was to evaluate the frequency
of alleles for DQ2.5 and DQ8 using the Tag SNP
technique in individuals with T1DM and CD, in a
population of southern Brazil.

MATERIALS AND METHODS
Study design and population
A prospective study was carried out from August 2012
to October 2014, involving individuals diagnosed
with type 1 diabetes treated at Instituto da Criança
com Diabetes (ICD) – Hospital da Criança Conceição,
located in Porto Alegre, the state capital of Rio Grande
do Sul (RS) – Brazil and individuals diagnosed with CD,
confirmed by duodenal biopsy, residents in the city of
Porto Alegre, RS – Brazil, participating in Associação dos
Celíacos do Brasil – Rio Grande do Sul (ACELBRA-RS).
Blood and/or saliva samples were collected from
individuals with T1DM, when undergoing periodic
assessment for diabetes control and after providing
authorization to participate in the study. Among these
individuals, we identified those who had TTG-IgA <
9.0 U/mL or TTG-IgA > 16 U/mL and duodenal
biopsy classified as ≥ 2, according to Marsh criteria (18)
modified by Oberhuber (19). The following individuals
were excluded from the study: those with TTG-IgA
values between 9.0 U/mL and 16 U/mL; TTG-IgA
values > 16 U/mL that did not undergo duodenal
biopsy or those in whom Marsh classification was < 2.
Authorization was requested from individuals with
a diagnosis of CD to participate in the study during an
event sponsored by ACELBRA-RS. A saliva sample was
collected and an interview was carried out to identify
those who had the diagnosis confirmed by biopsy.
551
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Individuals with type 1 diabetes have a higher
prevalence of CD. A recent systematic review described
a prevalence rate between 1.6 and 16.4% of CD among
individuals with T1DM and recommended screening
after the age of two years in this population (6). In
Brazil, CD screening in patients with T1DM based
on the serology is recommended, as the prevalence is
considered similar to that of European countries and
the United States (7,8).
HLA genes play an important role in autoimmune
diseases such as T1DM and CD and its identification
in individuals with such diseases is very important to
understand susceptibility aspects, as well as different
clinical presentations. The genotyping is carried out by
methods based on Polymerase Chain Reaction (PCR)
using Sequence-Specific Probes (SSO) with sequence
specific primers (SSP) or Sequence-Based Typing (SBT).
These traditional genotyping techniques involve many
reactions, which makes them complex and expensive.
Monsuur and cols. (9) validated a technique using
Tag single-nucleotide polymorphisms (Tag SNP),
allowing the performance of tests with high sensitivity
and specificity, at a lower cost. Brandao and cols. (10)
evaluated patients with T1DM in northeastern Brazil
and compared the costs of a conventional technique
(SSP) with the technique using Tag SNP and observed
an average cost of US$ 90-100 per person for the
conventional technique, and US$ 5 per subject analyzed
with the Tag SNP technique. Considering these results,
the authors recommend that this genotyping method
be used instead of the conventional technique, thereby
reducing the overall costs of genetic identification for
T1DM in areas with limited financial resources.
The HLA system is very polymorphic and displays
variability between different geographical areas and
ethnic groups. Brazil is a country with a high degree
of miscegenation and great racial variation between
regions. A recent study identified African ancestry
in 50% of the northeastern population and 70% of
European ancestry in the south and southeast regions
of the country (11). There are no studies on the search
for HLA DQ2 and DQ8 genes among individuals with
T1DM and CD in the state of Rio Grande do Sul,
Brazil.
The assessment of the frequency of HLA-DQ types
in individuals with T1DM and/or CD is interesting
because both diseases have an autoimmune etiology,
where the presence of HLA (Human Leukocyte
Antigen) class 2 molecules represents the main genetic
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Individuals who did not undergo duodenal biopsy and
those whose diagnosis was doubtful were excluded
from the study.

Laboratory methods

DNA extraction
A peripheral blood sample (10 mL of whole blood
with anticoagulant) was collected for subsequent DNA
extraction using the salting out method (20). When
unable to collect blood, a saliva sample was collected
using the Oragene kit (DNA Genotek®) and submitted
to DNA extraction according to the manufacturer’s
instructions.

Haplotypic Determination of HLA-DQ2.5 and -DQ8
The prediction of haplotypes HLA-DQ2.5 and HLADQ8 was carried using the Tag Single nucleotide
polymorphism (Tag-SNP) technique (9,10). The
Real-Time Polymerase Chain Reaction technique
(RT-PCR) was performed through an assay by
TaqMan® Genotyping Assays (Applied Biosystems,
USA) according to the manufacturer’s instructions.
The assays used were previously deposited in Custom
TaqMan Genotyping Assay (Applied Biosystems) and
included: C_58662585_10 (rs2187668 C>T of HLADQA1) and C_29817179_10 (rs7454168 C>T of
HLA-DQB1). The analysis of results and the genotypic
determination of polymorphisms was performed using
StepOne Software v2.3 (Applied Biosystems). The
DQ8 and DQ2.5 haplotypes were predicted from the
identified genotypes, as described by Monsuur and
cols. (9) and Brandao and cols. (10).
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Statistical analyses
Statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS), version 22.0 (IBM
Corp. – Armonk, NY, USA) and R, version 3.2.2
(R core team, 2015). The chi-square test or Fisher’s
exact test were used to compare the frequencies
of haplotypes HLA-DQ2.5 and DQ8 between the
groups. In situations involving multiple comparisons,
Finner’s adjustment was used for significant values (P),
with significance being set at p < 0.05.

Ethical considerations
The study was developed according to the rules of
the National Health Congress based on Resolution
552

466/12 and was approved through Brazil Platform
(CAE 01260412.7.0000.5347) by the Research
Ethics Committee of the following institutions:
Grupo Hospitalar Conceição, where the data collection
from individuals with T1DM was carried out and
Universidade Federal do Rio Grande do Sul (UFRGS),
a committee associated to the institution where the
research originated (Postgraduate Program in Child
and Adolescent Health – UFRGS). Upon protocol
completion, patients or their caregivers were asked to
provide authorization for study participation by reading
and signing the free and informed consent form.

RESULTS
A total of 362 patients were evaluated, divided into 3
groups: individuals with T1DM and negative antibodies
for CD (group 1 = 264 individuals), individuals
with T1DM and with CD diagnosis (group 2 = 32
individuals) and people with CD without a diagnosis of
T1DM (group 3 = 66 individuals).
Table 1 shows the distribution of the combined
haplotypes of DQ2.5 and DQ8 in the 3 groups, in
which there is the presence of at least one DQ2.5 or
DQ8 allele in 97% of individuals in the group with
T1DM and CD (group 2) and in 76% in individuals
with CD without a diagnosis of T1DM (group 3)
(p < 0.001). It was also observed that the combination
DQ2.5/DQx was more frequent in group 3, whereas
the combination DQ2.5/DQ8 was more frequent in
group 2 and the absence of alleles DQ2.5 and/or DQ8
occurred more frequently in group 3.
Table 1. Distribution of combined DQ2.5 and DQ8 haplotypes
Group 1
T1DM without
CD n (%)

Group 2
T1DM with
CD n (%)

DQ2.5/DQ2.5

23 (8.7)

7 (21.9)

9 (13.6)

DQ2.5/DQXa

50 (18.9)1

9 (28.1)

28 (42.4)1

DQ2.5/DQ8

71 (26.9)2

10 (31.3)3

5 (7.6)2,3

HLA
Haplotypes

Group 3
CD without
T1DM n (%)

DQ8/DQ8

16 (6.1)

0 (0.0)

1 (1.5)

DQ8/DQXa

58 (22.0)

5 (15.5)

7 (10.6)

DQXa/DQXa

46 (17.4)4

1 (3.1)4,5

16 (24.2)5

Total

264 (100)

32 (100)

66 (100)

n: number of analyzed individuals. a DQX: non-DQ2.5 or DQ8 haplotypes; p < 0.001.
1, 2, 3, 4 and 5 Finner’s adjustment for multiple comparisons with p < 0.05.

The presence of DQ2.5 alleles occurred in 170
(57.4%) individuals with T1DM (Groups 1 and 2),
being more frequent in the group diagnosed with CD
Arch Endocrinol Metab. 2017;61/6
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Table 2. Presence of DQ2.5 and DQ8 alleles among individuals with
T1DM
HLA

Group 1
T1DM without
CD n (%)

Group 2
T1DM with
CD n (%)

DQXa

120 (45.5)

6 (18.8)

DQ2.5

144 (54.5)

26 (81.2)

DQX

119 (45.1)

17 (53.1%)

DQ8

145 (54.9)

15 (46.9%)

a

p

0.004
0.388

n: number of analyzed individuals. a DQX: non-DQ2.5 or DQ8 haplotypes.

When comparing individuals with T1DM and a CD
diagnosis (group 2) and individuals with CD without a
diagnosis of T1DM (group 3) no significant difference
was observed between groups regarding DQ2 alleles.
However, individuals in group 2 had a significantly
higher frequency of DQ8 allele (Table 3).
Table 3. Presence of DQ2.5 and DQ8 alleles among individuals with
T1DM and CD and among those with CD and without T1DM
Group 2
T1DM with
CD n (%)

Group 3
CD without
T1DM n (%)

DQXa

6 (18.8)

24 (36.4)

DQ2.5

26 (81.2)

42 (63.6)

DQX

17 (53.1)

53 (80.3%)

DQ8

15 (46.9)

13 (19.7%)

HLA

a

p

0.102
0.008

n: number of analyzed individuals. a DQX: non-DQ2.5 or DQ8 haplotypes.

Table 4 shows the comparison between individuals
with T1DM without CD (Group 1) and those with a
diagnosis of CD, regardless of the presence of T1DM
(groups 2 and 3). It was observed that the presence of
the DQ2.5 allele is more frequent in patients with CD,
while the DQ8 allele is more frequent in the group that
has T1DM.
Table 4. Presence of DQ2.5 and DQ8 alleles among individuals with
T1DM without CD and among those with CD irrespective of the presence
of T1DM
HLA

Group 1
T1DM without
CD n (%)

Groups 2 and 3
CD
n (%)

DQXa

120 (45.5)

30 (30.6)

DQ2.5

144 (54.5)

68 (69.4)

DQXa

119 (45.1)

70 (71.4)

DQ8

145 (54.9)

28 (28.6)

n: number of analyzed individuals. a DQX: non-DQ2.5 or DQ8 haplotypes.
Arch Endocrinol Metab. 2017;61/6

p

0.011
< 0.001

DISCUSSION
The performance of genotyping using the Tag SNP
technique has been validated in individuals with T1DM
and CD, being considered effective and less costly,
allowing the performance of population screening
studies (9,21,22). Our study aimed to perform the
genotyping of HLA DQ2.5 and DQ8 using the
Tag SNP technique in individuals with T1DM and
individuals with CD in a population of southern Brazil,
which confirmed the high negative predictive value
of the test in the group with T1DM. Megiorni and
Pizzuti (23), in a review on the practical implications
of identifying HLA risk alleles in individuals with CD,
reaffirmed the importance of the negative tests as a
more significant value.
A study carried out in Italy in 1005 patients
with CD, used the Tag SNP technique to genotype
haplotypes DQ2.5, DQ8, DQ2.2 and DQ7, comparing
it with the traditional technique by PCR-SSP and
obtained high sensitivity and specificity, recommending
it to be used in population screenings and suggesting
studies in other population groups (24). A more recent
study carried out in Brazil with DNA extracted from
329 umbilical cord blood samples, compared the two
techniques, using the same haplotypes of the present
study and concluded that the results obtained by realtime PCR are highly reliable, with no discordant results
when compared to the PCR-SSP technique (25).
Megiorni and cols. (26) established a risk gradient
for CD based on HLA DQ and also defined the
combination of haplotypes DQ2 and DQ8 as higher
risk. Gutierrez-Achury and cols. (27) performed an
extensive genetic study in patients from the United
States, England, and the Netherlands with concomitant
T1DM and CD, with T1DM without CD and with
CD without T1DM and concluded that genotype
DQ2.5/DQ8 shows an increased risk of concomitant
disease. We found that 27% of individuals with T1DM
(Group 1) and 31% of individuals with T1DM and CD
(Group 2) had this combination of haplotypes, whereas
in the group of individuals with CD without T1DM
(Group 3), the concomitant haplotypes occurred in
7.6%, with this group showing a higher frequency of
individuals with only DQ2.5 alleles.
Individuals with T1DM, at any age, have a higher
risk of CD, but because both diseases are associated with
HLA DQ genotypes, the search for HLA-DQ2 and
DQ8 is not always useful for identifying predisposed
553
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(group 2). The presence of DQ8 alleles occurred in
160 (54.1%) individuals with T1DM, and there was
no difference between the groups with or without CD
(Table 2).
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groups (28). The difference in frequency of DQ8
alleles disclosed in Table 4, confirms this difficulty
in finding risk alleles for CD in the three groups. We
found that the alleles for DQ2.5 were more prevalent
among individuals with CD; however, the DQ8 alleles
are more frequent in individuals with T1DM, which
does not allow differentiating between the groups with
and without CD.
The search for alternative techniques is based on the
fact that the high negative predictive value of the test
will help to reduce costs with the periodic investigation
of patients who do not have the alleles, but also to
reassure the patients or their relatives about the prospect
of having the concomitant diseases. In Brazil, in 2009,
the Federal Government (Official Gazette) published a
statement recommending that T1DM patients should
undergo CD screening through TTG-IgA at the start
of T1DM and every year regardless of the clinical
manifestations (29). When considering the costbenefits of the genotype assessment of individuals with
T1DM, we observed that the average cost of serological
screening in our country is US$ 6 per person and should
be performed annually, while the genotype assessment
for each allele with the described technique costs US$ 5
per patient and will be performed on only one occasion.
Although we observed a high negative predictive
value among individuals with T1DM and CD, it was
observed that 24% did not show the haplotypes for
DQ2.5 and DQ8 in the group with CD without T1DM.
Karell and cols. (30) evaluated populations of different
European countries and screened for the haplotypes
DQA1*05 and DQB1*02 for DQ2 and DQA1*03
DQB1*0302 for DQ8 and found a heterogeneous
distribution, with a higher prevalence of negative DQ2
and DQ8 in Italy when compared to France, Finland
and England. Koskinen and cols. (31) evaluated risk
haplotypes for CD in 3 countries and identified in the
group of Italian patients the presence of alleles for
DQ2.2 (DQB1*0202 and DQA1*0201) and DQ7
(DQB1*0301) by 27% and 18% of the population,
respectively. Kotze and cols. (32), in a study carried
out in southern Brazil, found a frequency of 8.9% of
individuals with CD with DQ2 and/or DQ8 negative
alleles, and warned for the high degree of miscegenation
in the country.
Considering this study was carried out in a region
of Brazil with high prevalence of Italian immigrants and
taking into account the high rate of European ancestry
seen in the south and southeast regions of the country
(11), the possibility of a higher incidence of other DQ
554

risk alleles, different from DQ2.5, should be considered.
The search for DQA1*0501 and DQB1*0201 alleles
allowed the identification of DQ2.5 individuals, but
did not identify DQ2.2 and DQ7 individuals.
In conclusion, the search for DQ2.5 and DQ8 alleles
using the Tag-SNP technique allowed us to obtain a
high negative predictive value for the diagnosis of CD
in a population with T1DM, similar to what is described
in the literature using the conventional technique.
There was a high frequency of DQ8 allele in
individuals with T1DM when compared to individuals
with CD without T1DM. However, the presence of
this allele in individuals with T1DM does not indicate
an increased risk of CD in the assessed population.
Considering the high degree of miscegenation of
the Brazilian population, we recommend the inclusion
of the search for DQ2.2 and DQ7 alleles in the
southern and southeastern regions of Brazil, to increase
the sensitivity and specificity of CD risk investigation.
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