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The HLA region, especially HLA class I and II genes, which encode molecules

for antigen presentation to T cells, plays a major role in the predisposition to

autoimmune disorders. To clarify the mechanisms behind this association, we

examined genome-wide DNA methylation by microarrays to cover over

850,000 CpG sites in the CD4+ T cells and CD19+ B cells of healthy subjects

homozygous either for DRB1*15-DQA1*01-DQB1*06:02 (DR2-DQ6, n = 14),

associated with a strongly decreased T1D risk, DRB1*03-DQA1*05-DQB1*02

(DR3-DQ2, n = 19), or DRB1*04:01-DQA1*03-DQB1*03:02 (DR4-DQ8, n = 17),

associated with a moderately increased T1D risk. In total, we discovered 14 dif-

ferentially methylated CpG probes, of which 10 were located in the HLA

region and six in the HLA-DRB1 locus. The main differences were between the

protective genotype DR2-DQ6 and the risk genotypes DR3-DQ2 and DR4-DQ8,

where the DR2-DQ6 group was hypomethylated compared to the other groups

in all but four of the differentially methylated probes. The differences between

the risk genotypes DR3-DQ2 and DR4-DQ8 were small. Our results indicate

that HLA variants have few systemic effects on methylation and that their

effect on autoimmunity is conveyed directly by HLA molecules, possibly by dif-

ferences in expression levels or function.
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1 | INTRODUCTION

Many polygenic autoimmune diseases have a strong asso-
ciation with the HLA region on chromosome 6, especially
the HLA class I and II genes, which encode cell surface
molecules used for presenting antigens to immune cells.
In type 1 diabetes (T1D), HLA class II genes have been
estimated to contribute 40–50% of the genetic risk for the
disease.1,2 In particular, three HLA haplotypes, DRB1*03-
DQA1*05-DQB1*02 (DR3-DQ2), DRB1*04:01-DQA1*03-
DQB1*03:02 (DR4-DQ8), and DRB1*15-DQA1*01-
DQB1*06:02 (DR2-DQ6), play an important role in T1D
risk1,3,4 as well as many other autoimmune diseases,
although they can have opposite effects depending on the
disease.5,6

In type 1 diabetes, the DR2-DQ6 haplotype confers
strong protection against the disease, even when com-
bined with a high-risk haplotype.1,3 This protection has
been reported to cover all stages of disease progression7

and to protect against T1D during the first five decades of
life.8 On the other hand, the haplotype confers a risk of
immune-mediated diseases, such as multiple sclerosis
(MS)9 and narcolepsy with cataplexy.10 The DR3-DQ2
and DR4-DQ8 haplotypes both confer a risk of T1D1–4

and celiac disease, where the risk is mainly conferred by
the DR3-DQ2 haplotype.11 Importantly, although
DR3-DQ2 and DR4-DQ8 are both associated with T1D
risk, they are associated with different first-appearing
autoantibodies and different ages at diagnosis,12–14 and
are therefore considered to be associated with different
disease etiologies in T1D.

The mechanisms behind the strong association
between HLA and autoimmunity are unclear, but might
involve their role in antigen presentation. The HLA
molecules encoded by different alleles have differences
in the structure of their peptide-binding grooves, which
affects which molecules can be presented to the immune
system. In addition, there are differences in the expres-
sion of the different HLA variants,15–20 which affect the
activation of T cells and the strength of the immune
response. Genetic variation can also convey its effects by
affecting DNA methylation, either in nearby regions
(cis-effects) or further away (trans-effects).21–23 HLA
alleles could therefore have wider systemic effects on
immune cell function.

Here, we analysed genome-wide DNA methylation in
CD4+ T cells and CD19+ B cells from healthy subjects

who were homozygous either for DR2-DQ6, DR3-DQ2 or
DR4-DQ8. Our aim was to discover whether there are dif-
ferences in DNA methylation, and therefore gene expres-
sion, between the genotypes in cells that express HLA
class II genes (in our study, CD19+ B cells) or in cells that
closely interact with antigen presenting cells (here, CD4+

T cells). If such methylation differences exist, this would
help determine whether the effect of the variants is lim-
ited only to the HLA region and the coding part of the
sequence or whether they have systemic effects unrelated
to antigen presentation. This would shed new light on
how the effect of HLA variants on autoimmunity is
conveyed.

2 | METHODS AND MATERIALS

2.1 | Study subjects

Our study samples were peripheral blood mononuclear
cells (PBMCs) from healthy siblings of children with T1D
who had not developed islet autoantibodies. The samples
were collected in the context of the Finnish Pediatric Dia-
betes Register (FPDR)24 as approved by the Ethics Com-
mittee of the Hospital District of Helsinki and Uusimaa.
FPDR, started in 2002, collects samples and data from
children under the age of 16 who have developed diabe-
tes (any type) and from their siblings and family mem-
bers. For FPDR, written informed consent is given by the
parents or legal guardians of the children; in addition,
children 10 years or older give informed consent.

This study included DRB1*15-DQA1*01-DQB1*06:02
(DR2-DQ6) homozygotes (n = 14) with strongly
decreased T1D risk, and DRB1*03-DQA1*05-DQB1*02
(DR3-DQ2) homozygotes (n = 19), and DRB1*04:01-
DQA1*03-DQB1*03:02 (DR4-DQ8) homozygotes (n = 17)
with increased T1D risk. Due to the rarity of DR2-DQ6
homozygotes in FPDR, all available DQB1*06:02 homo-
zygote samples from healthy autoantibody negative
subjects were included in the study, and then samples
of the other genotype groups (DR3-DQ2 and DR4-DQ8)
were chosen to match the DR2-DQ6-group based on
age and sex. The mean ages (± SD) in the three HLA
groups (DR2-DQ6, DR3-DQ2, and DR4-DQ8) were 15.0
(± 8.3), 11.1 (± 5.6), and 11.8 (± 7.9), respectively; their
male-to-female ratios were 8/6, 9/10, and 11/6,
respectively.
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2.2 | HLA genotyping

The HLA class II genotypes of the FPDR samples were
analysed for the HLA-DR/DQ haplotypes relevant to T1D
risk using sequence-specific oligonucleotide probes. The
genotyping was done stepwise, starting with defining the
DQB1 alleles, including probes for the DQB1*02, *03:02,
*06:02/3, and *06:03/4 alleles. The analysis was then
expanded to the DQA1 locus for alleles *02:01, *03, and
*05. When relevant, a DRB1 locus was also examined for
the selection of DRB1*04 alleles. This method has been
previously described.25

2.3 | Autoantibody analysis

The samples were screened for T1D-associated insulin
autoantibodies (IAA), glutamic acid decarboxylase
65 (GADA), and islet antigen-2 (IA–2A) with specific
radiobinding assays, as previously described.26

2.4 | Isolation of CD4+ T cells and CD19+

B cells from PBMC

PBMCs were isolated from lithium heparin blood using
Ficoll Paque Plus density gradient centrifugation and
then stored in a viable state at �135�C until analysis. Fro-
zen PBMC samples were thawed in a 37�C water bath
and washed with prewarmed Roswell Park Memorial
Institute (RPMI) 1640 medium supplemented with CTL
Anti-Aggregate Wash™ 20� Solution (ImmunoSpot,
Cleveland, Ohio, USA). CD4+ T cells and CD19+ B cells
were then isolated consecutively from the PBMC samples
using the Dynabeads™ CD4 Positive Isolation Kit
(Thermo Fisher Scientific, Waltham, Massachusetts,
USA), Dynabeads™ CD19 Pan B (Thermo Fisher Scien-
tific), and DETACHaBEAD™ CD19 Kit (Thermo Fisher
Scientific), according to the manufacturer's instructions.
After isolation, the cells were lysed with Buffer RLT Plus
(Qiagen, Hilden, Germany), supplemented with 1%
2-Mercaptoethanol (Thermo Fisher Scientific), and stored
at �80�C.

2.5 | Isolation of genomic DNA from cell
subsets

DNA was extracted from the frozen cell lysates with the
AllPrep DNA/RNA/miRNA Universal Kit (Qiagen, Hil-
den, Germany) according to the manufacturer's protocol.
After extraction, the DNA concentrations were measured
with an Invitrogen Qubit 4 Fluorometer (Thermo Fisher

Scientific) using the Qubit dsDNA BR Assay Kit (Thermo
Fisher Scientific).

2.6 | Sample pooling for methylation
analysis

For the DNA methylation analysis with the Infinium
MethylationEPIC microarray, the individual DNA sam-
ples were pooled into 11 samples, with 4–5 samples per
pooled sample. The original 50 samples were assigned to
pools based on age and sex to ensure that the age and sex
distributions were as similar as possible among the
pooled samples (Table 1).

For the pooling to be successful, it was important to
ensure that equal amounts of DNA from individual sam-
ples were pooled. The DNA concentrations were mea-
sured using the Invitrogen Qubit 4 Fluorometer (Thermo
Fisher Scientific) and Qubit dsDNA BR Assay Kit
(Thermo Fisher Scientific). When pooling, the stock sam-
ples were first carefully homogenised by pipetting. Then,
samples were diluted into 7 ng/μL concentration and,
after dilution, DNA concentrations were measured twice
with Qubit. If the DNA concentrations were 7 ± 0.5 ng/
μL, the samples were pooled, and if not, the concentra-
tions were adjusted and measured again. Similar pooled
samples were created for both the CD4+ T cell and the
CD19+ B cell samples.

2.7 | DNA methylation analysis with the
Infinium MethylationEPIC microarray

DNA methylation was examined in CD4+ T cells and
CD19+ B cells using 11 pooled samples per cell subset.

TABLE 1 Pooled samples.

Pool
HLA
group

Samples
per pool

Age
(years)

Sex
(M/F)

1 DR2-DQ6 5 13.8 ± 9.3 3/2

2 DR2-DQ6 5 15.3 ± 7.9 3/2

3 DR2-DQ6 4 16.4 ± 9.6 2/2

4 DR3-DQ2 4 10.4 ± 8.0 2/2

5 DR3-DQ2 5 12.1 ± 7.2 2/3

6 DR3-DQ2 5 10.9 ± 4.6 2/3

7 DR3-DQ2 5 11.0 ± 4.6 3/2

8 DR4-DQ8 4 11.5 ± 8.8 2/2

9 DR4-DQ8 4 11.4 ± 7.6 3/1

10 DR4-DQ8 4 10.2 ± 5.5 3/1

11 DR4-DQ8 5 13.7 ± 10.8 3/2
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First, the genomic DNA (315 ng) was bisulfite converted
using an EZ-96 DNA Methylation Kit (Zymo Research
Corporation, Irvine, California, USA) according to the
manufacturer's protocol. The genome-wide DNA methyl-
ation was analysed using the Infinium MethylationEPIC
BeadChip (Illumina, San Diego, California, USA), accord-
ing to the manufacturer's protocol, and imaged using the
iScan System (Illumina, San Diego, California, USA).
Quality control (QC) analysis was performed using the
Genome Studio v2011.1 software (Illumina, San Diego,
California, USA). The bisulfite conversion of the pooled
samples, the DNA methylation analysis with Infinium
MethylationEPIC BeadChip, and the QC data analysis
with Genome Studio v2011.1 were carried out at the
Mutation Analysis Facility (MAF) in Karolinska Univer-
sity Hospital (Stockholm, Sweden).

2.8 | Statistical analysis of the
microarray results

For additional QC, preprocessing, and downstream anal-
ysis of the data, an open-source SeSAMe package27 (ver-
sion 1.16.1) was used in R (version 4.2.3). As QC, the
signal detection success rates were investigated, and all
arrays demonstrated the success rate higher than 98.3%.
As recommended for the Infinium MethylationEPIC
BeadChip, the preprocessing comprised a quality mask,
channel inference, dye bias correction, detection p-value
call, and background subtraction. CpG probes with miss-
ing levels were excluded before the differential methyla-
tion tests. P < 9.42 � 10�8 and a more than 10%
difference in the β values were considered significant. It
is expected that about 3% of CpG probes have more than
90% of statistical power with adequate control of the
false-positive rate for 11 total samples.28

3 | RESULTS

We used an Infinium MethylationEPIC microarray to
examine methylation in over 850,000 CpG sites in the
CD4+ T cells and CD19+ B cells of healthy subjects with
HLA genotypes associated with either decreased or
increased T1D risk. We compared methylation between
three groups: DR2-DQ6 homozygotes (n = 14), DR3-DQ2
homozygotes (n = 19), and DR4-DQ8 homozygotes. The
analysis was performed using pooled samples (Table 1).
After quality checks, there were 754,174 CpG probes in
CD4+ T cells and 755,381 CpG probes in CD19+ B cells
considered for methylation analysis.

Since DR2-DQ6 is strongly protective of T1D, whereas
both the DR3-DQ2 and DR4-DQ8 genotypes are

associated with an increased risk of T1D, we first com-
pared methylation between DR2-DQ6 and a combined
group of DR3-DQ2 and DR4-DQ8. We discovered six dif-
ferentially methylated CpG probes (DMP) that were sta-
tistically significant in both cell subsets. In addition, we
discovered three CD4+ specific DMPs and one CD19+

specific DMP (Figure 1A and Table 2). Eight of the
10 CpG probes were located in the HLA region close to
or within HLA-DRB1 and HLA-DRB6.

The DR3-DQ2 and DR4-DQ8 groups are both T1D
risk genotypes, but they are associated with different
T1D endotypes and are considered to reflect different dis-
ease etiologies. Therefore, we also compared DR2-DQ6
separately to the other genotypes and DR3-DQ2 and
DR4-DQ8 to each other. When DR2-DQ6 was compared
to DR3-DQ2, eight of the DMPs discovered earlier
remained significant, and we discovered three novel
DMPs: cg07180897 (HLA-DQB2), cg24668570 (KNDC1),
and cg27576367 (GADD45A; Figure 1B and Table 2).
Between the DR2-DQ6 and DR4-DQ8 groups, there were
six DMPs (Figure 1C and Table 2), which were all statisti-
cally significant in the comparison of DR2-DQ6 and
DR3-DQ2+DR4-DQ8.

There were only two DMPs between the DR3-DQ2
and DR4-DQ8 groups in the CD19+ B cells and none in
the CD4+ T cells. The two DMPs were located in a region
containing the HLA-DQB2 and HLA-DQB3 loci
(Figure 1D and Table 2).

In addition to DMP analysis, differentially methylated
region (DMR) -analysis was conducted as well. However,
in general the DMP and DMR analyses highlighted the
same genes and regions (Tables S1–S7). There were no
significant probes in the DMR analysis when the
DR3-DQ2 and DR4-DQ8 groups were compared in CD4+

T cells.
In general, the main DNA methylation differences

were between the DR2-DQ6 and the combined groups of
DR3-DQ2 and DR4-DQ8. The differences were located
primarily in the HLA region, especially the HLA-DRB1
locus. All significant reported CpG probes had at least a
20% difference in methylation between the compared
groups; the DR2-DQ6 group was hypomethylated com-
pared to the other genotypes in all but four CpG probes
(Table 2 and Figure 2).

4 | DISCUSSION

Due to the importance of HLA genes and their alleles in
autoimmune diseases, the effects and differences between
HLA alleles have been examined in many ways. How-
ever, most research has focused on the structure of HLA
molecules, their peptide repertoire, or their cognate
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T-cell receptors. Our aim was to examine whether the
autoimmunity-associated HLA variants have wider effects in
immune cells or if their effect is centred on the HLA region.
For this, we analysed genome-wide DNA methylation in
CD4+ T cells and CD19+ B cells from healthy subjects
and compared CpG methylation between three different
T1D-associated genotypes: DRB1*15-DQA1*01-DQB1*06:02

(DR2-DQ6), associated with a strongly decreased T1D risk,
DRB1*03-DQA1*05-DQB1*02 (DR3-DQ2), and DRB1*04:01-
DQA1*03-DQB1*03:02 (DR4-DQ8), associated with a moder-
ately increased T1D risk.

In total, we discovered 14 differentially methylated
CpG probes in all comparisons. Ten of the 14 probes were
in the HLA region, indicating that the effects of the HLA

FIGURE 1 Manhattan plots showing differentially methylated CpG probes (DMP) in CD4+ T cells (figures on the left) and CD19+ B

cells (figures on the right) between (A) DR2-DQ6 and the combined group of DR3-DQ2 and DR4-DQ8 (9 and 7 DMPs), (B) between the

DR2-DQ6 and DR3-DQ2 groups (5 and 6 DMPs), (C) between the DR2-DQ6 and DR4-DQ8 groups (3 and 3 DMPs), and (D) between the

DR3-DQ2 and DR4-DQ8 groups (0 and 2 DMPs). The red horizontal line marks the threshold for genome-wide significance

(P < 9.42 � 10�8). In all comparisons, the significant differentially methylated CpG probes were located mainly on chromosome 6 and

within the HLA region. The Manhattan plots were created with SeSAMe package (version 1.16.1) used in R (version 4.2.3). The final figure

was produced with CorelDRAW 2019 (21.2.0.706; Alludo, Ottawa, Canada).
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variants are strongly localised to the HLA region, espe-
cially the HLA-DRB1 locus. In previously published
research, genetic variation in the HLA region has also
been associated with trans-effects,29,30 but most of the
discovered expression-quantitative loci (eQTL) have been
cis-acting. When Houtman et al.31 compared the tran-
scriptome in CD4+ and CD8+ T cells and CD14+ mono-
cytes between different DRB1 alleles, they found that the
HLA-DRB and HLA-DQ genes were differentially
expressed between the allele carriers but found no
expression differences outside the HLA region. Similarly,
when Kindt et al.32 compared genome-wide DNA methyl-
ation in cord blood samples between DR3-DQ2 and
DR4-DQ8 carriers, they found 196 differentially methyl-
ated CpG probes, 181 on chromosome 6, and 41 probes
in a region spanning HLA-DRA to HLA-DQB2. These
results, along with ours, seem to indicate that the effect
of HLA variants on gene expression is primarily focused
on the HLA region.

The effects of HLA alleles specifically on HLA gene
expression have been studied more comprehensively. A
majority of the DMPs we discovered were between the
protective DR2-DQ6 and the combined group of risk
genotypes DR3-DQ2 and DR4-DQ8. In both cell subsets,
there were seven differentially methylated CpG probes in
the DRB1 or DRB6 loci or near them. In the DQA115–20

and DQB1 loci,16,20,33 alleles have been shown to be dif-
ferentially expressed. Differences in promoter methyla-
tion between alleles of DQA1 have also been reported,
although no correlation between promoter methylation
and allele expression was seen.19,34 DRB1 alleles seem to
have effects both on DRB1 expression and on other HLA
loci,31,35–38 and DRB1 expression also seems to be regu-
lated by DNA methylation.39–42

In earlier studies, DNA methylation changes in HLA-
DRB1 region have been associated with autoimmune dis-
eases such as psoriasis,41 MS disease,40 systemic lupus
erythematosus (SLE)43 and narcolepsy with cataplexy44

and, at least in MS disease, this association seems to be
mediated by the DRB1*15:01 variant.40,42 Although hypo-
methylation of the region seems to associate with DRB1
expression,41,42 otherwise there has been fairly limited
research about its functional effects. When Miller et al.
discovered SLE associated methylation changes in HLA-
DRB1 in CD8+ T cells, they examined how these cells
responded to stimulation.43 They observed that IFNa
stimulation upregulated the DRB1 expression in CD8+ T
cells from SLE patients, but not from control subjects and
that these IFNa stimulated CD8+ T cells were then able
to activate CD4+ T cells.43 Miller et al. concluded that
CD8+ T cells from SLE patients were epigenetically
primed to respond to IFNa stimulation.43 Already in 2012
Miao et al. reported differences in histone modificationsT
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in upstream regions of HLA-DRB1 and -DQB1 in mono-
cytes extracted from T1D patients and they also reported
increased expression of DRB1 and DQB1 in response to
interferon stimulation in these cells.45 However, neither
Miao et al. or Miller et al. analysed the effect of genetic
variation.43,45

Interestingly, the effect of genetic variation on gene
expression in the HLA region seems to depend on both
cell subset and cell state.46–48 Gutierrez-Arcelus et al.46

reported 182 sites in the HLA region and 15 in the HLA-
DQB1 locus, where expression changed in an allele-
specific manner when the CD4+ T cells were stimulated.

We also compared the DR3-DQ2 and DR4-DQ8 geno-
types to each other. Both are T1D risk genotypes, but
they seem to be associated with different T1D endotypes

associated with differences in relation to the first appear-
ing autoantibodies, age at diagnosis, and environmental
factors.49 Methylation differences between the genotypes
could explain the mechanisms behind these associations,
but we discovered only two differentially methylated
CpG probes in CD19+ B cells and none in CD4+ T cells:
cg20821042 situated in the proximal promoter of HLA-
DQB2 and cg07180897 in the HLA-DQB2 gene body.
These two DMPs were originally reported by Kindt
et al.32 We discovered only two DMPs between DR3-DQ2
and DR4-DQ8, whereas Kindt et al. discovered
196 probes, which is most likely due to our smaller
sample size.

Kindt et al.32 observed that the DR3-DQ2 carriers had
reduced HLA-DR protein expression on the surface of

FIGURE 2 Heatmaps showing the DNA methylation levels in the pooled samples in differentially methylated CpG probes in (A) CD4+

T cells and (B) CD19+ B cells. The DNA methylation β values of each CpG probe and each sample pool are represented by a colour scale,

where red indicates a high methylation level and blue a low methylation level. Grey indicates that the β value was masked due to low signal

intensities. Each row represents one sample pool, with the names of the pooled samples shown on the left. The differentially methylated

probes are marked with an asterisk below the heatmap along with the probe IDs. The genomic location of the probes is marked above the

heatmaps. The plots were created with SeSAMe package (version 1.16.1) used in R (version 4.2.3). The final figure was produced with

CorelDRAW 2019 (21.2.0.706; Alludo, Ottawa, Canada).
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CD14+ monocytes extracted from cord blood when com-
pared to DR4-DQ8 carriers.32 A similar effect was seen in
the plasmacytoid dendritic cells (pDCs) extracted from
PBMC samples from adolescents. There is also other
genetic variation in the HLA region that has been associ-
ated with effects on DQ-surface expression.50–53 Changes
in DQ or DR expression could impact immune responses
and predispose individuals to autoimmune diseases.54,55

Taken together these results indicate that there may
be a significant difference in how the immune cells from
DR2-DQ6 carriers respond to stimulation, compared to
DR3-DQ2 or DR4-DQ8 carriers, and that this difference
may be mediated by DNA methylation. Results from
Kindt et al. also point to difference in DR expression
between DR3-DQ2 and DR4-DQ8 carriers.32 These differ-
ences could lead to variance in immune responses against
pathogens or to gut microbiota. In type 1 diabetes virus
infections are associated with disease development, espe-
cially in DR4-DQ8 carriers.56 Lately there has also been
studies showing that genetic risk to T1D is associated
with changes in gut microbiome57 and that they affect
how probiotics colonise the infant gut.58 It is not surpris-
ing therefore, that in type 1 diabetes, HLA haplotypes are
associated with autoantibody seroconversion, that is, the
beginning of the beta cell specific autoimmunity, rather
than the disease progression and clinical diagnosis.59

One of the strengths of our study is that the analysis
was performed using sorted immune cells instead of het-
erogeneous samples, such as whole blood or PBMCs. We
also examined methylation genome-wide. The Infinium
MethylationEPIC Beadchip includes over 850,000 CpG
sites throughout the genome, including enhancer regions,
promoters, CpG islands, and gene bodies, giving an over-
view of the entire genome. It is noteworthy that some
CpG probes failed in the HLA region; that is, the Illu-
mina probes could not hybridise to their sites. This could
be due to the genomic polymorphism of the region; such
probes were carefully masked when the results were ana-
lysed to avoid erroneous reporting of their methylation
levels.27 Because of this, there might be methylation dif-
ferences that we were unable to observe. In future stud-
ies, sequencing-based approach would be preferable
when analysing the HLA region for more comprehensive
results. We used sample pooling with the effect that indi-
vidual methylation levels in the pool could not be mea-
sured; instead, we obtained a more stable average
estimate of the methylation level in the pooled samples.

In conclusion, the methylation differences now
reported were mainly between the DR2-DQ6 genotype
and the combined group of DR3-DQ2 and DR4-DQ8 geno-
types. The differences were located primarily in the HLA
region, and especially the HLA-DRB1 locus. These could
indicate functional differences in HLA gene expression.

AUTHOR CONTRIBUTIONS
Jorma Ilonen, Johanna Lempainen, Sirpa Pahkuri, Shin-
taro Katayama, and Juha Kere designed the study. Mikael
Knip provided the samples and clinical information on
the study children. Jorma Ilonen provided the genotype
data. Sirpa Pahkuri, Milla Valta, and Lucas Nygård per-
formed sample processing. Shintaro Katayama performed
the data analysis. All the authors interpreted the results.
Sirpa Pahkuri drafted the manuscript. All authors revised
the manuscript and approved the final version.

ACKNOWLEDGMENTS
We thank the Mutation Analysis Facility (MAF) at Karo-
linska University Hospital (Stockholm, Sweden) and
especially their personnel Astrid Fungmark, Kristina
Duvefelt, and Mosekunola Oladapo for conducting the
DNA methylation analysis with Infinium MethylationE-
PIC BeadChip and for their expertise in the method. We
thank the participants, hospitals, and personnel of the
Finnish Pediatric Diabetes Register (FPDR) for the collec-
tion of the study samples (University of Helsinki). We are
grateful to Markku Latva-Koivisto (University of Hel-
sinki) for the assembly of the selected samples and to
Helena Ollila (University of Turku) for assistance with
the selection of the samples and designing the pooling.
We also thank Terhi Laakso (University of Turku) for
her skillful technical assistance. This work was funded
by the Sigrid Jusélius Foundation, Päivikki and Sakari
Sohlberg Foundation, the Finnish Medical Foundation
and the Pediatric Research Foundation (Johanna Lem-
painen and Jorma Ilonen), and the Sigrid Jusélius Foun-
dation, the Jane and Aatos Erkko Foundation,
Medicinska Understödsföreningen Liv och Hälsa, the
Swedish Research Council, and the Swedish Brain
Foundation (Hjärnfonden) (Juha Kere).

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are
openly available in ArrayExpress database at https://
www.ebi.ac.uk/biostudies/arrayexpress, under the acces-
sion number E-MTAB-13654.

ORCID
Sirpa Pahkuri https://orcid.org/0000-0003-0234-060X

REFERENCES
1. Noble JA, Valdes AM, Cook M, Klitz W, Thomson G,

Erlich HA. The role of HLA class II genes in insulin-dependent
diabetes mellitus: molecular analysis of 180 Caucasian, multi-
plex families. Am J Hum Genet. 1996;59(5):1134-1148.

PAHKURI ET AL. 9 of 12

 20592310, 2024, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/tan.15548 by U

niversity of T
urku, W

iley O
nline L

ibrary on [24/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.ebi.ac.uk/biostudies/arrayexpress
https://www.ebi.ac.uk/biostudies/arrayexpress
https://orcid.org/0000-0003-0234-060X
https://orcid.org/0000-0003-0234-060X


2. Lambert AP, Gillespie KM, Thomson G, et al. Absolute risk of
childhood-onset type 1 diabetes defined by human leukocyte
antigen class II genotype: a population-based study in the
United Kingdom. J Clin Endocrinol Metab. 2004;89(8):4037-
4043. doi:10.1210/jc.2003-032084

3. Thomson G, Valdes AM, Noble JA, et al. Relative predisposi-
tional effects of HLA class II DRB1-DQB1 haplotypes and geno-
types on type 1 diabetes: a meta-analysis. Tissue Antigens. 2007;
70(2):110-127. doi:10.1111/j.1399-0039.2007.00867.x

4. Erlich H, Valdes AM, Noble J, et al. HLA DR-DQ haplotypes
and genotypes and type 1 diabetes risk. Diabetes. 2008;57(4):
1084-1092. doi:10.2337/db07-1331

5. Ilonen J, Lempainen J, Veijola R. The heterogeneous pathogen-
esis of type 1 diabetes mellitus. Nat Rev Endocrinol. 2019;
15(11):635-650. doi:10.1038/s41574-019-0254-y

6. De Silvestri A, Capittini C, Mallucci G, et al. The involvement
of HLA class II alleles in multiple sclerosis: a systematic review
with meta-analysis. Dis Markers. 2019;2019:1-7. doi:10.1155/
2019/1409069

7. Pugliese A. Insulitis in the pathogenesis of type 1 diabetes. Pediatr
Diabetes. 2016;17(Suppl 22):31-36. doi:10.1111/pedi.12388

8. Thomas NJ, Dennis JM, Sharp SA, et al. DR15-DQ6 remains
dominantly protective against type 1 diabetes throughout the
first five decades of life. Diabetologia. 2021;64(10):2258-2265.
doi:10.1007/s00125-021-05513-4

9. Sawcer S, Hellenthal G, Pirinen M, et al. Genetic risk and a pri-
mary role for cell-mediated immune mechanisms in multiple scle-
rosis. Nature. 2011;476(7359):214-219. doi:10.1038/nature10251

10. Capittini C, De Silvestri A, Terzaghi M, et al. Correlation
between HLA-DQB1*06:02 and narcolepsy with and without
cataplexy: approving a safe and sensitive genetic test in four
major ethnic groups. A systematic meta-analysis. Sleep Med.
2018;52:150-157. doi:10.1016/j.sleep.2018.08.024

11. Liu E, Lee HS, Aronsson CA, et al. Risk of pediatric celiac dis-
ease according to HLA haplotype and country. N Engl J Med.
2014;371(1):42-49. doi:10.1056/NEJMoa1313977

12. Krischer JP, Lynch KF, Schatz DA, et al. The 6-year incidence
of diabetes-associated autoantibodies in genetically at-risk chil-
dren: the TEDDY study. Diabetologia. 2015;58(5):980-987. doi:
10.1007/s00125-015-3514-y

13. Mikk ML, Pfeiffer S, Kiviniemi M, et al. HLA-DR-DQ haplo-
types and specificity of the initial autoantibody in islet-specific
autoimmunity. Pediatr Diabetes. 2020;21(7):1218-1226. doi:10.
1111/pedi.13073

14. Ilonen J, Lempainen J, Hammais A, et al. Primary islet autoan-
tibody at initial seroconversion and autoantibodies at diagnosis
of type 1 diabetes as markers of disease heterogeneity. Pediatr
Diabetes. 2018;19(2):284-292. doi:10.1111/pedi.12545

15. Donner H, Seidl C, Rau H, et al. Unbalanced amounts of HLA-
DQA1 allele mRNA: DQA1*03 shows high and DQA1*0501 low
amounts of mRNA in heterozygous individuals. Eur J Immuno-
genet. 2002;29(4):321-330. doi:10.1046/j.1365-2370.2002.00321.x

16. Britten AC, Mijovic CH, Barnett AH, Kelly MA. Differential
expression of HLA-DQ alleles in peripheral blood mononuclear
cells: alleles associated with susceptibility to and protection
from autoimmune type 1 diabetes. Int J Immunogenet. 2009;
36(1):47-57. doi:10.1111/j.1744-313X.2008.00823.x

17. Morzycka-Wroblewska E, Munshi A, Ostermayer M,
Harwood JI, Kagnoff MF. Differential expression of HLA-

DQA1 alleles associated with promoter polymorphism. Immu-
nogenetics. 1997;45(3):163-170. doi:10.1007/s002510050185

18. Maffei A, Harris PE, Reed EF, et al. Differential expression of
insulin-dependent diabetes mellitus-associated HLA-DQA1
alleles in vivo. Eur J Immunol. 1997;27(6):1549-1556. doi:10.
1002/eji.1830270634

19. Zajacova M, Kotrbova-Kozak A, Cepek P, Cerna M. Differences
in promoter DNA methylation and mRNA expression of indi-
vidual alleles of the HLA class II DQA1 gene. Immunol Lett.
2015;167(2):147-154. doi:10.1016/j.imlet.2015.08.006

20. Zajacova M, Kotrbova-Kozak A, Cerna M. Expression of HLA-
DQA1 and HLA-DQB1 genes in B lymphocytes, monocytes and
whole blood. Int J Immunogenet. 2018;45(3):128-137. doi:10.
1111/iji.12367

21. Shoemaker R, Deng J, Wang W, Zhang K. Allele-specific meth-
ylation is prevalent and is contributed by CpG-SNPs in the
human genome. Genome Res. 2010;20(7):883-889. doi:10.1101/
gr.104695.109

22. Shi J, Marconett CN, Duan J, et al. Characterizing the genetic
basis of methylome diversity in histologically normal human
lung tissue. Nat Commun. 2014;5:3365. doi:10.1038/
ncomms4365

23. Lemire M, Zaidi SHE, Ban M, et al. Long-range epigenetic reg-
ulation is conferred by genetic variation located at thousands
of independent loci. Nat Commun. 2015;6:6326. doi:10.1038/
ncomms7326

24. Knip M, Parviainen A, Turtinen M, et al. SARS-CoV-2 and type
1 diabetes in children in Finland: an observational study. Lan-
cet Diabetes Endocrinol. 2023;11(4):251-260. doi:10.1016/S2213-
8587(23)00041-4

25. Kiviniemi M, Hermann R, Nurmi J, et al. A high-throughput
population screening system for the estimation of genetic risk
for type 1 diabetes: an application for the TEDDY (the Environ-
mental Determinants of Diabetes in the Young) study. Diabetes
Technol Ther. 2007;9(5):460-472. doi:10.1089/dia.2007.0229

26. Siljander HTA, Simell S, Hekkala A, et al. Predictive character-
istics of diabetes-associated autoantibodies among children
with HLA-conferred disease susceptibility in the general popu-
lation. Diabetes. 2009;58(12):2835-2842. doi:10.2337/db08-1305

27. Zhou W, Timothy J, Triche J, Laird PW, Shen H. SeSAMe:
reducing artifactual detection of DNA methylation by Infinium
BeadChips in genomic deletions. Nucleic Acids Res. 2018;
46(20):e123. doi:10.1093/nar/gky691

28. Mansell G, Gorrie-Stone TJ, Bao Y, et al. Guidance for DNA
methylation studies: statistical insights from the Illumina EPIC
array. BMC Genomics. 2019;20:366. doi:10.1186/s12864-019-
5761-7

29. Fairfax BP, Makino S, Radhakrishnan J, et al. Genetics of gene
expression in primary immune cells identifies cell type–specific
master regulators and roles of HLA alleles. Nat Genet. 2012;
44(5):502-510. doi:10.1038/ng.2205

30. Fehrmann RSN, Jansen RC, Veldink JH, et al. Trans-eQTLs
reveal that independent genetic variants associated with a com-
plex phenotype converge on intermediate genes, with a major
role for the HLA. PLoS Genet. 2011;7(8):e1002197. doi:10.1371/
journal.pgen.1002197

31. Houtman M, Hesselberg E, Rönnblom L, Klareskog L,
Malmström V, Padyukov L. Haplotype-specific expression anal-
ysis of MHC class II genes in healthy individuals and

10 of 12 PAHKURI ET AL.

 20592310, 2024, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/tan.15548 by U

niversity of T
urku, W

iley O
nline L

ibrary on [24/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

info:doi/10.1210/jc.2003-032084
info:doi/10.1111/j.1399-0039.2007.00867.x
info:doi/10.2337/db07-1331
info:doi/10.1038/s41574-019-0254-y
info:doi/10.1155/2019/1409069
info:doi/10.1155/2019/1409069
info:doi/10.1111/pedi.12388
info:doi/10.1007/s00125-021-05513-4
info:doi/10.1038/nature10251
info:doi/10.1016/j.sleep.2018.08.024
info:doi/10.1056/NEJMoa1313977
info:doi/10.1007/s00125-015-3514-y
info:doi/10.1111/pedi.13073
info:doi/10.1111/pedi.13073
info:doi/10.1111/pedi.12545
info:doi/10.1046/j.1365-2370.2002.00321.x
info:doi/10.1111/j.1744-313X.2008.00823.x
info:doi/10.1007/s002510050185
info:doi/10.1002/eji.1830270634
info:doi/10.1002/eji.1830270634
info:doi/10.1016/j.imlet.2015.08.006
info:doi/10.1111/iji.12367
info:doi/10.1111/iji.12367
info:doi/10.1101/gr.104695.109
info:doi/10.1101/gr.104695.109
info:doi/10.1038/ncomms4365
info:doi/10.1038/ncomms4365
info:doi/10.1038/ncomms7326
info:doi/10.1038/ncomms7326
info:doi/10.1016/S2213-8587(23)00041-4
info:doi/10.1016/S2213-8587(23)00041-4
info:doi/10.1089/dia.2007.0229
info:doi/10.2337/db08-1305
info:doi/10.1093/nar/gky691
info:doi/10.1186/s12864-019-5761-7
info:doi/10.1186/s12864-019-5761-7
info:doi/10.1038/ng.2205
info:doi/10.1371/journal.pgen.1002197
info:doi/10.1371/journal.pgen.1002197


rheumatoid arthritis patients. Front Immunol. 2021;12:707217.
doi:10.3389/fimmu.2021.707217

32. Kindt ASD, Fuerst RW, Knoop J, et al. Allele-specific methyla-
tion of type 1 diabetes susceptibility genes. J Autoimmun. 2018;
89:63-74. doi:10.1016/j.jaut.2017.11.008

33. Fernandez S, Wassmuth R, Knerr I, Frank C, Haas JP. Relative
quantification of HLA-DRA1 and -DQA1 expression by real-
time reverse transcriptase-polymerase chain reaction
(RT-PCR). Eur J Immunogenet. 2003;30(2):141-148. doi:10.
1046/j.1365-2370.2003.00376.x

34. Cepek P, Zajacova M, Kotrbova-Kozak A, Silhova E, Cerna M.
DNA methylation and mRNA expression of HLA-DQA1 alleles
in type 1 diabetes mellitus. Immunology. 2016;148(2):150-159.
doi:10.1111/imm.12593

35. Lee W, Plant K, Humburg P, Knight JC. AltHapAlignR:
improved accuracy of RNA-seq analyses through the use of
alternative haplotypes. Bioinformatics. 2018;34(14):2401-2408.
doi:10.1093/bioinformatics/bty125

36. Aguiar VRC, César J, Delaneau O, Dermitzakis ET, Meyer D.
Expression estimation and eQTL mapping for HLA genes with
a personalized pipeline. PLoS Genet. 2019;15(4):e1008091. doi:
10.1371/journal.pgen.1008091

37. D'Antonio M, Reyna J, Jakubosky D, et al. Systematic genetic
analysis of the MHC region reveals mechanistic underpinnings
of HLA type associations with disease. elife. 2019;8:e48476. doi:
10.7554/eLife.48476

38. Yamamoto F, Suzuki S, Mizutani A, et al. Capturing differen-
tial allele-level expression and genotypes of all classical HLA
loci and haplotypes by a new capture RNA-seq method. Front
Immunol. 2020;11:941. doi:10.3389/fimmu.2020.00941

39. Olsson AH, Volkov P, Bacos K, et al. Genome-wide associa-
tions between genetic and epigenetic variation influence
mRNA expression and insulin secretion in human pancreatic
islets. PLoS Genet. 2014;10(11):e1004735. doi:10.1371/journal.
pgen.1004735

40. Kular L, Liu Y, Ruhrmann S, et al. DNA methylation as a
mediator of HLA-DRB1*15:01 and a protective variant in multi-
ple sclerosis. Nat Commun. 2018;9(1):2397. doi:10.1038/s41467-
018-04732-5

41. Zong W, Ge Y, Han Y, Yang X, Li Q, Chen M. Hypomethylation
of HLA-DRB1 and its clinical significance in psoriasis. Oncotar-
get. 2016;8(7):12323-12332. doi:10.18632/oncotarget.12468

42. Xavier A, Maltby VE, Ewing E, et al. DNA methylation signa-
tures of multiple sclerosis occur independently of known
genetic risk and are primarily attributed to B cells and mono-
cytes. Int J Mol Sci. 2023;24(16):12576. doi:10.3390/
ijms241612576

43. Miller S, Tsou PS, Coit P, et al. Hypomethylation of STAT1 and
HLA-DRB1 is associated with type-I interferon-dependent
HLA-DRB1 expression in lupus CD8+ T cells. Ann Rheum Dis.
2019;78(4):519-528. doi:10.1136/annrheumdis-2018-214323

44. Yoshida-Tanaka K, Shimada M, Honda Y, et al. Narcolepsy
type I-associated DNA methylation and gene expression
changes in the human leukocyte antigen region. Sci Rep. 2023;
13(1):10464. doi:10.1038/s41598-023-37511-4

45. Miao F, Chen Z, Zhang L, et al. Profiles of epigenetic histone
post-translational modifications at type 1 diabetes susceptible

genes. J Biol Chem. 2012;287(20):16335-16345. doi:10.1074/jbc.
M111.330373

46. Gutierrez-Arcelus M, Baglaenko Y, Arora J, et al. Allele-
specific expression changes dynamically during T cell activa-
tion in HLA and other autoimmune loci. Nat Genet. 2020;52(3):
247-253. doi:10.1038/s41588-020-0579-4

47. Kang JB, Shen AZ, Sakaue S, et al. Mapping the dynamic
genetic regulatory architecture of HLA genes at single-cell reso-
lution. Nat Genet. 2023;55:2255-2268. doi:10.1101/2023.03.14.
23287257

48. Nathan A, Asgari S, Ishigaki K, et al. Single-cell eQTL models
reveal dynamic T cell state dependence of disease loci. Nature.
2022;606(7912):120-128. doi:10.1038/s41586-022-04713-1

49. Battaglia M, Ahmed S, Anderson MS, et al. Introducing the
endotype concept to address the challenge of disease heteroge-
neity in type 1 diabetes. Diabetes Care. 2020;43(1):5-12. doi:10.
2337/dc19-0880

50. Aydemir Ö, Noble JA, Bailey JA, et al. Genetic variation within
the HLA-DRA1 gene modulates susceptibility to type 1 diabetes
in HLA-DR3 homozygotes. Diabetes. 2019;68(7):1523-1527. doi:
10.2337/db18-1128

51. Nygård L, Laine AP, Kiviniemi M, et al. Tri-SNP polymorphism
in the intron of HLA-DRA1 affects type 1 diabetes susceptibility
in the Finnish population. Hum Immunol. 2021;82(12):912-916.
doi:10.1016/j.humimm.2021.07.010

52. Andersson Svärd A, Maziarz M, Ramelius A, Lundgren M,
Lernmark Å, Elding LH. Decreased HLA-DQ expression on
peripheral blood cells in children with varying number of beta
cell autoantibodies. J Transl Autoimmun. 2020;3:100052. doi:
10.1016/j.jtauto.2020.100052

53. Svärd AA, Benatti E, Lundgren M, et al. Possible relationship
between the HLA-DRA1 intron haplotype of three single-
nucleotide polymorphisms in intron 1 of the HLA-DRA1 gene
and autoantibodies in children at increased genetic risk for
autoimmune type 1 diabetes. ImmunoHorizons. 2022;6(8):614-
629. doi:10.4049/immunohorizons.2200039

54. Nagafuchi Y, Shoda H, Sumitomo S, et al. Immunophenotyping
of rheumatoid arthritis reveals a linkage between HLA-DRB1
genotype, CXCR4 expression on memory CD4+ T cells and dis-
ease activity. Sci Rep. 2016;6(1):29338. doi:10.1038/srep29338

55. Raj P, Rai E, Song R, et al. Regulatory polymorphisms modu-
late the expression of HLA class II molecules and promote
autoimmunity. elife. 2016;5:e12089. doi:10.7554/eLife.12089

56. Sioofy-Khojine AB, Lehtonen J, Nurminen N, et al.
Coxsackievirus B1 infections are associated with the initiation
of insulin-driven autoimmunity that progresses to type 1 diabe-
tes. Diabetologia. 2018;61(5):1193-1202. doi:10.1007/s00125-
018-4561-y

57. Russell JT, Roesch LFW, Ördberg M, et al. Genetic risk for
autoimmunity is associated with distinct changes in the human
gut microbiome. Nat Commun. 2019;10(1):3621. doi:10.1038/
s41467-019-11460-x

58. Berryman MA, Milletich PL, Petrone JR, et al. Autoimmune-
associated genetics impact probiotic colonization of the infant gut.
J Autoimmun. 2022;133:102943. doi:10.1016/j.jaut.2022.102943

59. Ilonen J, Kiviniemi M, Lempainen J, et al. Genetic susceptibil-
ity to type 1 diabetes in childhood – estimation of HLA class II

PAHKURI ET AL. 11 of 12

 20592310, 2024, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/tan.15548 by U

niversity of T
urku, W

iley O
nline L

ibrary on [24/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

info:doi/10.3389/fimmu.2021.707217
info:doi/10.1016/j.jaut.2017.11.008
info:doi/10.1046/j.1365-2370.2003.00376.x
info:doi/10.1046/j.1365-2370.2003.00376.x
info:doi/10.1111/imm.12593
info:doi/10.1093/bioinformatics/bty125
info:doi/10.1371/journal.pgen.1008091
info:doi/10.7554/eLife.48476
info:doi/10.3389/fimmu.2020.00941
info:doi/10.1371/journal.pgen.1004735
info:doi/10.1371/journal.pgen.1004735
info:doi/10.1038/s41467-018-04732-5
info:doi/10.1038/s41467-018-04732-5
info:doi/10.18632/oncotarget.12468
info:doi/10.3390/ijms241612576
info:doi/10.3390/ijms241612576
info:doi/10.1136/annrheumdis-2018-214323
info:doi/10.1038/s41598-023-37511-4
info:doi/10.1074/jbc.M111.330373
info:doi/10.1074/jbc.M111.330373
info:doi/10.1038/s41588-020-0579-4
info:doi/10.1101/2023.03.14.23287257
info:doi/10.1101/2023.03.14.23287257
info:doi/10.1038/s41586-022-04713-1
info:doi/10.2337/dc19-0880
info:doi/10.2337/dc19-0880
info:doi/10.2337/db18-1128
info:doi/10.1016/j.humimm.2021.07.010
info:doi/10.1016/j.jtauto.2020.100052
info:doi/10.4049/immunohorizons.2200039
info:doi/10.1038/srep29338
info:doi/10.7554/eLife.12089
info:doi/10.1007/s00125-018-4561-y
info:doi/10.1007/s00125-018-4561-y
info:doi/10.1038/s41467-019-11460-x
info:doi/10.1038/s41467-019-11460-x
info:doi/10.1016/j.jaut.2022.102943


associated disease risk and class II effect in various phases of
islet autoimmunity. Pediatr Diabetes. 2016;17(S22):8-16. doi:10.
1111/pedi.12327

SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Pahkuri S, Katayama S,
Valta M, et al. The effect of type 1 diabetes
protection and susceptibility associated HLA class
II genotypes on DNA methylation in immune cells.
HLA. 2024;103(6):e15548. doi:10.1111/tan.15548

12 of 12 PAHKURI ET AL.

 20592310, 2024, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/tan.15548 by U

niversity of T
urku, W

iley O
nline L

ibrary on [24/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

info:doi/10.1111/pedi.12327
info:doi/10.1111/pedi.12327
info:doi/10.1111/tan.15548

	The effect of type 1 diabetes protection and susceptibility associated HLA class II genotypes on DNA methylation in immune ...
	1  INTRODUCTION
	2  METHODS AND MATERIALS
	2.1  Study subjects
	2.2  HLA genotyping
	2.3  Autoantibody analysis
	2.4  Isolation of CD4+ T cells and CD19+ B cells from PBMC
	2.5  Isolation of genomic DNA from cell subsets
	2.6  Sample pooling for methylation analysis
	2.7  DNA methylation analysis with the Infinium MethylationEPIC microarray
	2.8  Statistical analysis of the microarray results

	3  RESULTS
	4  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


