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Short running title: DNA methylation and childhood atopic disorders

ABSTRACT

Background

There is now increasing evidence that asthma and atopy originate in part in utero, with
disease risk being associated with the altered epigenetic regulation of genes.

Objective and Methods

To determine the relationship between variations in DNA methylation at birth and the
development of allergic disease, we examined the methylation status of CpG loci within the
promoter regions of Th1/2 lineage commitment genes (GATA3, IL-4, IL-4R, STAT4 and
TBET) in umbilical cord DNA at birth in a cohort of infants from the Southampton Women’s
Survey (n=696) who were later assessed for asthma, atopic eczema and atopy.

Results

We found that higher methylation of GATA3 CpGs -2211/-2209 at birth was associated with
a reduced risk of asthma at ages 3 (median ratio [median methylation in asthma group/median
methylation in non-asthma group] =0.74, p=0.006) and 6 (median ratio 0.90, p=0.048) years.
Furthermore, we demonstrated that the GATA3 CpG loci associated with later risk of asthma
lie within a NF-kB binding site, and that methylation here blocks transcription factor binding
to the GATA3 promoter in the Human Jurkat T cell line. Associations between umbilical
cord methylation of CpG loci within IL-4R with atopic eczema at 12 months (median ratio
1.02, p=0.028), and TBET with atopy (median ratio 0.98, p=0.017) at 6-7 years of age were

also observed.
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Conclusions and Clinical Relevance
Our findings provides further evidence of a developmental contribution to the risk of later
allergic disorders, and suggests that involvement of epigenetic mechanisms in childhood

asthma is already demonstrable at birth.

Key words: Methylation, Th1/Th2, GATA3, TBET, biomarkers

1. Introduction

Asthma, atopic eczema and other allergic conditions are complex disorders associated with a
variety of environmental factors. They are among some of the most prevalent chronic
conditions affecting children in economically developed nations and are becoming
increasingly prevalent in developing countries (1-3). Allergic asthma is characterized by Th2-
type inflammation which results in bronchial hyperresponsiveness, airway obstruction and
tissue remodeling®. Effective type-2 immune responses are generated by type-2 helper
CD4+ T cells (Th2) as well as type-2 innate effector cells. Naive T cells differentiate into
Th1, Th2, Th17 or inducible Tregs, depending upon the cytokine environment(4-6). IFN-y
and IL-12 induce the differentiation of naive T cells into Th1 cells, while IL-4 promotes Th2
differentiation. IFNy acting through STAT1 promotes transcription of T-bet, a Th1-specific
T box transcription factor, while IL-12, via STAT 3/4 maintain TBET expression. TBET
initiates Th1 lineage commitment from naive T cells through the chromatin remodelling of
the IFNy locus, upregulation of IL-12R and by repressing Th2 related genes(7, 8). In contrast,
IL-4 acts via STAT6 to activate the transcription factor GATA3, which is critical for Th2
differentiation’. In Th2 cells, GATA3 inhibits IFN-y expression, and activates the expression
of the Th2 related cytokines IL-4, IL-5 and IL-13(9, 10). DNA methylation plays a key role

in the maintenance of these different T cell lineages, with gene specific methylation being
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well documented within IL-4, [FNy and GATA3 in the Th cell lineage where these genes are

transcriptionally silenced(11).

Differences in the immune response are detectable at birth, suggesting that in utero
environmental exposures have the capacity to modify the set point of the immune system at
birth(12). The differentiation of T cells plays an important role in preventing fetal rejection
during pregnancy, resulting in a skewing to T helper (Th)2 immune responses and
suppression of Thl-mediated immunity. This bias against proinflammatory cytokines leaves
the newborn susceptible to microbial infection(13) and therefore development of optimal
regulation of gene expression is required to obtain a balanced postnatal immune response.
Immaturity in Thl as well as Treg activity may increase the risk of an inappropriate
persistence of a Th2 allergy-prone immune phenotype(14). Consistent with a Th1/Th2
imbalance being associated with an increased asthma risk, a significant increase in GATA3
expression has been found in the airways of asthmatics compared with those of controls(15).
Several single nucleotide polymorphisms (SNP’s) in the GATA3 promoter and exons of
GATA3 have been associated with atopic eczema and asthma-related phenotypes including

high IgE(16, 17).

There is growing evidence that childhood asthma and atopy together with a number of other
chronic diseases may originate at least in part in utero(18). Epidemiological studies have
found associations between prenatal nutritional, allergenic and toxicant exposures and an
increased susceptibility to atopic disorders(19, 20). Early life environmental exposure may
alter disease risk through epigenetic processes, such as DNA methylation, which induce
heritable changes in gene expression without a change in gene sequence(21). For example,

maternal exposure to polycyclic aromatic hydrocarbons was associated with the increased
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methylation of the CpG island of acyl-coA synthetase long chain family member 3 (ACDL3)
and the development of asthma symptoms in children under 5 years of age(22). A meta-
analysis across 13 cohorts has also reported an association between maternal smoking and
newborn blood DNA methylation at over 6000 CpG sites (23), while Gruzieva,O et al., (24)
has reported an association between NO2 exposure during pregnancy and altered methylation
of 3 CpG sites within mitochrondria-related genes in the cord blood of newborn infants.
Furthermore, DNA methylation of the interleukin-4 receptor gene has been associated with
an increased incidence of asthma at age 18 years(25), although whether this methylation

change was induced by an early life environmental exposure is not known.

Although DNA methylation patterns are often tissue specific, a number of studies have
shown inter-tissue methylation correlations(26, 27). Thus, in human fetal tissues at birth, the
targeted measurement of the methylation of genes involved in determining allergic outcome,
such as those involved in the Th1/Th2 differentiation pathway, may provide an indicator of
environmental influences affecting early development and may permit the identification of
individuals at increased risk of asthma, atopic eczema and atopy in childhood. In this study,
to determine the relationship between variations in DNA methylation at birth and the
development of allergic disease, we measured the methylation status of CpG loci within
highly conserved regulatory regions of genes involved in Thl/2 lineage commitment
(GATAZ3, IL-4, IL-4R, STAT4, and TBET) in umbilical cord DNA obtained at birth from a

cohort of children who were later assessed for asthma, atopic eczema and atopy.
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2.Methods
2.1 Southampton Women’s Survey

In the Southampton Women’s Survey (SWS), Southampton, UK, we studied a prospective
cohort of women aged 20-34 years. Women who are not pregnant were recruited; those who
subsequently conceived were followed through pregnancy and their offspring through infancy

and childhood (28). The umbilical cord was frozen at birth and stored at -70°C.

Outcome assessments were as follows: Research nurses examined the child’s skin, looking
for evidence of visible atopic eczema at ages 12 months and 6-7 years. Mothers were also
asked whether the child had dry skin or an itchy skin condition since birth. Case definition of
atopic eczema was based on the UK Working Party diagnostic criteria for the definition of
atopic eczema(29); we omitted a history of asthma or hay fever as a criterion at 12 months
because the children were too young to have developed these disorders in infancy. At 3 and
6-7 years, the research nurses asked the mothers whether a doctor had ever diagnosed
“asthma” in their child (International Study of Asthma and Allergy in Childhood
questionnaire). A positive response was considered evidence of doctor-diagnosed asthma.
Atopy was defined using skin prick testing as a response of > 3 mm to cat, dog, house dust
mite (Dermatophagoides pteronyssinus), grass pollens, egg and milk allergens (Hollister-
Stier, Spokane, WA) at age 3 years. Tree pollen was added (ALK Abell6 Hgrsholm,
Denmark) at 6-7 years. Valid readings were those with appropriate positive and negative

control responses. Cohort characteristics are shown in Table 1.

2.2 Ethics statement
The study was conducted according to the guidelines in the Declaration of Helsinki, and the

Southampton and South West Hampshire Research Ethics Committee approved all

procedures (276/97, 307/97, 089/99, and 06/Q1702/104). Written informed consent was
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obtained from all participating women and by parents or guardians with parental

responsibility on behalf of their children.

2.3 Methylation analysis

The methylation of CpG loci within GATA binding protein 3 (GATA3), Interleukin-4 (IL-4),
Interleukin 4 receptor (IL-4R), signal transducer and activator of transcription 4 (STAT4),
and T-box transcription factor (TBET); genes that are known to play key roles in maintaining
Th1/Th2 balance, were analysed in umbilical cord DNA from SWS participants. Sequencing
assays were designed to cover the key regulatory regions within these genes that had been
shown previously to be differentially methylated during T cell differentiation(11, 30) or
associated with asthma incidence(25) (Figure 1A, Supplementary Figure 1, Supplementary
Table 1). Sodium bisulfite pyrosequencing was used to measure DNA methylation in IL-4,
IL-4R, STAT4 and TBET but because of the sequence context of the CpGs within GATA3,
Seqeunom EpiTYPER MassARRAY analysis was used to analyse the methylation status of
GATA3. The location of the regions analysed and sequence of primers used are shown in
Supplementary Table 2 (Pyrosequencing amplicons) and Supplementary Table 3 (GATA3
Sequenom amplicon), together with the methylation ranges for IL-4, IL-4R, TBET and
STAT4 (Supplementary Table 4) and for GATA3 (Supplementary Table 5). The methods
used for pyrosequencing and Sequenom analysis are described in the Supplementary
Information. Information on co-methylation of sites is shown using a plot similar to a coMET

plot (31) in Supplementary Figure 2.

2.6 Statistical analysis
Statistical analysis was carried out using Stata 12 (StataCorp, Texas). Distributions of
methylation percentages at CpG sites were investigated (Supplementary Tables 4, 5). CpG

sites were excluded from analysis if the median methylation was not > 5% or if the difference
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between the 5™ and 95" percentiles was <10%. All CpG sites fulfilled these criteria. The
distributions of methylation measurements for many of the CpG’s were skewed, so non-
parametric tests were used. Associations between cord CpG methylation and asthma and
allergy outcomes (doctor diagnosed asthma at 3 and 6-7 years, atopic eczema at 6-7 years and
atopy at 6-7 years) were investigated. The difference between the central location (i.e.
median) of each group (allergic/non-allergic) was tested using Mann-Whitney tests and the
results presented as the median ratio (median CpG methylation in allergic group/median CpG
methylation in non-allergic group) with the corresponding Mann-Whitney p value. Where the
median ratio is less than 1 this indicates a protective effect of higher CpG methylation on the
allergic outcome. When CpG sites were significantly associated with asthma and allergy
phenotypes, logistic regression was used to derive odds ratios after adjusting for appropriate
covariates (child’s sex, maternal smoking during pregnancy and a batch effect for
methylation analysis). The odds ratio describes the multiplicative change in odds for a 1%
increase in methylation, all other variables in the model remaining constant. An odds ratio of
less than 1 indicates a protective effect of higher CpG methylation on the allergic outcome.
Where adjusted logistic regressions indicated a significant association between CpG
methylation and allergic outcome an additional analysis was undertaken to determine the
influence of outliers on the regression coefficients using Pregibon’s dbeta measure (32).P
values are presented uncorrected for multiple testing. A p value of <0.05 was considered

significant.

2.7 Electrophoretic mobility shift assays

To examine transcription factor binding at the CpG sites of interest we undertook

electrophoretic mobility shift assays (see Supplementary Information for Methods).
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3. RESULTS

3.1 Cohort characteristics

The DNA methylation of GATA3 was measured in the umbilical cord of 696 children from
the Southampton Women’s Survey (SWS) cohort (28). Due to limited resources and DNA
availability, the DNA methylation of the other candidate genes was measured in the umbilical
cord of 366 children, a subset of the 696 children. In the subset of 366 offspring, 13% of the
mothers smoked during pregnancy, mean maternal age at the child’s birth was 30.5 years and
pre-pregnancy body mass index was 25.3 kg/m2 (Table 1). 47% of the infants were female;
mean birth weight was 3463 g. 46 infants (13%) fulfilled the criteria for atopic eczema in
infancy, and 53 children (15%) at age 6-7 years. At age 3 years, the parents of 21 participants
(6%) reported that a doctor had diagnosed asthma in their child; the number of diagnoses of
asthma increased to 47 (13%) at age 6-7 years. Supplementary Table 10 shows further
information on the children in whom the methylation status of IL4-R and IL4, TBET and
STAT4 was measured. The cohort characteristics for all samples sets were very similar to the
main cohort. Maternal smoking was slightly lower in prevalence in the IL4-R and IL4, TBET
and STAT4 sample sets, as was a doctor diagnosis of asthma at age 3 years. The prevalences
of atopy at 3 years and atopic eczema at 6-7 years were slightly higher in the IL4-R sample
set, but these differences were not significant (p=0.23, p=0.73, p=0.43 and p=0.41

respectively).

3.2 Association between umbilical cord DNA methylation at birth and doctor diagnosed
asthma at age 3 years and 6-7 years.

The methylation of 35 CpG loci in the regulatory regions of Th1/Th2 candidate genes was
measured at birth in umbilical cord in relation to doctor diagnosed asthma at age 3 and 6-7

years (Supplementary Table 7). The CpG sites measured in this study were selected as they
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were located within known regulatory regions which had previously been reported to be
important for the expression of the gene during Th1/Th2 differentiation(11, 30) or in the case
of IL-4R, previously associated with asthma incidence(25)(Supplementary Figure 1 and
Supplementary Table 1). For all CpGs examined, the presence of SNPs was excluded by
direct sequencing. For GATA3, 16 CpGs loci, located 2.5 kb upstream of the proximal
promoter were measured (Figure 1A). This region has been shown to be highly conserved
amongst species(33) and contains several Notch and GATA3 binding sites which have been
shown to be critical for GATA3 induction during Th2 differentiation(33, 34). We found that
higher methylation of umbilical cord GATA3 CpGs -2211/-2209bp were associated with a
decreased risk of asthma at age 3 years (cases=31, controls=500, median ratio 0.74, p=0.006)
and at 6-7 years (cases=79, controls=475, median ratio 0.90, p=0.048) (Table 2). As we
found significant associations between asthma at 3 and 6-7 years and GATA3 CpGs, we then
used logistic regression to allow adjustment for appropriate covariates. Logistic regression
with asthma at age 3 years as the outcome, GATA3 CpGs -2211/-2209bp as the predictor,
and adjusting for child’s sex, maternal smoking during pregnancy and a batch effect for
methylation analysis, showed an odds ratio for asthma of 0.940 (95%CI 0.895 to 0.987,
cases=31, controls=498, p=0.012). Logistic regression with asthma at age 6-7 years adjusting
for the same covariates, showed an odds ratio for asthma of 0.976 (95% CI 0.949 to 1.003,
cases=78, controls=474 p=0.077).. There was also an association between higher methylation
of IL-4R CpG +28239 (Supplementary Figure 1C) (0.98, cases=15, controls=85, p=0.029)
and a lower incidence of asthma at 6-7 years, although this association was not seen at 3
years (Table 2, Supplementary Table 7) and was lost at age 6-7 years after adjusting for the

covariates listed above.
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3.3 Association between DNA methylation at birth and childhood atopic eczema

Higher methylation of GATA3 CpGs -2145/-2143bp were associated with a higher incidence
of atopic eczema at 12 months (median ratio 1.20, cases=67, controls=575, p=0.05), but this
association was attenuated after adjusting for child’s sex, maternal smoking during pregnancy
and a batch effect for methylation analysis (cases=67, controls=573, p=0.083). There was no
association between the methylation of these CpGs and atopic eczema at age 6-7 years (Table
3, Supplementary Table 8). An association was observed between the methylation of IL-4R
CpG +28239 and atopic eczema at age 12 months (median ratio 1.02, cases=13, controls=87,
p=0.028), and there were borderline associations with methylation of IL-4R CpG +28269 bp
(1.03, cases=13, controls=81, p=0.059) and STAT4 CpG -229 (Supplementary Figure 1B)
(0.981, cases=19, controls=154, p=0.067). At 6-7 years, higher methylation of IL-4 CpG -
9664bp (Supplementary Figure 1A) was, associated with an increased risk of atopic eczema

(1.02, cases=15, controls=104, p=0.0498) (Table 3, Supplementary Table 8).

3.4 Association between DNA methylation at birth and atopy at 6-7 years

Higher methylation of TBET CpG -18424 (Supplementary Figure 1D), which is located
within the upstream enhancer of TBET(35), was associated with a decreased risk of atopy at
6-7 years (0.98, cases=37, controls=104, p=0.017) (Table 4, Supplementary Table 9).
Logistic regression with atopy at 6-7 years as the outcome, TBET CpG -18424 as the
predictor, and adjusting for child’s sex, maternal smoking during pregnancy and a batch
effect for methylation analysis, showed an odds ratio for atopy of 0.883 (95% CI 0.781 to
0.997, cases=35, controls=103, p=0.045). Methylation at the other CpG sites measured was

not associated with atopy at age 6-7 years.
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3.5 Functional significance of altered GATA3 CpG3 and 4 methylation

To determine the functional consequences of CpG -2211 and -2209 methylation within the
GATA3 promoter, we examined transcription factor binding to the promoter region of
GATAS3 using electrophoretic mobility shift assays on nuclear extracts from the human T cell
line Jurkat. We found one specific protein complex bound to a labelled oligonucleotide
containing CpGs -2211/-2209. Binding to this probe was competed out by the addition of an
excess of unlabelled specific competitor but not with an excess of a nonspecific competitor
(Figure 2A). Addition of an unlabelled oligonucleotide containing methylated cytosines at
CpG -2211/-2209 also failed to compete out binding to the labelled probe (Figure 2A),
suggesting that CpG -2211/-2209 methylation blocks transcription factor binding to this

region of GATA3.

As CpGs -2211/-2209 lie within a putative NF-kB site in the GATA3 promoter, we
investigated whether binding to this region could be competed out by the addition of an
excess of unlabelled oligonucleotide containing the NF-kB binding consensus binding site.
We found that the addition of an excess of an unlabelled oligonucleotide containing the NF-
kB consensus binding sequence very effectively competed out binding (Figure 2B),

supporting the proposition that NF-xB binds to this region of the GATA3 promoter.

4. DISCUSSION

We report that the methylation of specific CpG loci associated with genes involved in
Th1/Th2 balance at birth were associated with a later risk of allergic disease. Specifically, we
found that higher methylation of CpGs -2211/-2209 located upstream of the transcription start
site of the GATA3 gene in umbilical cord tissue at birth were associated with a lower
incidence of asthma in childhood. GATA3, which is a member of the GATA family of zinc-

finger transcription factors, plays a critical role in Th1/Th2 balance, as it is required for Th2
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cell differentiation, maintenance and cytokine production(30). The regulation of GATA3
expression is crucial during development, as over expression of GATA3 can disrupt Th1/Th2
balance. Naive Th cells express a low level of GATA3, levels of GATA3 then increase
during Th2 differentiation but are down-regulated during Th1 differentiation(30). Transgenic
mice over-expressing GATA3 in thymocytes and T cells develop thymic lymphomas and
spontaneous formation of committed Th2 cells(36, 37) while ectopic expression in
developing Th1 cells interferes with the methyl-CpG binding domain protein-2 and promotes
histone hyperacetylation on the IL-4 locus(38). Moreover, mice over-expressing GATA3
develop exacerbated allergen-induced airway inflammation and airway remodeling(39, 40).
Elevated expression of GATA3 is also found in the airways of individuals with asthma and
single nucleotide polymorphisms within GATA3 are associated with an increased incidence
of asthma and other allergic phenotypes(16, 17). GATA3 transcription is regulated by IL-4,
STAT6, Notch and itself during T cell differentiation(34, 41-43), although GATA3 has also
been shown to be regulated by a variety of other factors including USF, ZEB, E2A, HEB and
NF-kB(44, 45). Interestingly, the GATA3 CpGs -2211/-2209, the sites most strongly
associated with later asthma in our data lie within a putative NF-kB binding site. Consistent
with NF-xB binding to this region, oligonucleotides containing the NF-xB consensus binding
sequence effectively competed out binding to this region, suggesting that NF-xB binds to this
region within the GATA3 promoter across the CpG loci associated with childhood asthma.
Methylation of the cytosines at CpGs -2211/-2209 led to a decrease in protein binding to the
sequence, suggesting that differential methylation at this sequence may interfere with NF-xB

binding, resulting in downstream effects on GATA3 expression.

The association between GATA CpG methylation at -2211/-2209 and asthma at 3 years of
age remained after adjustment for maternal smoking, batch effect for methylation analysis

and child’s sex, while the association at 6-7 years weakened slightly after adjustment for
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these variables. . Our analyses also found an association between the methylation of specific
CpGs within IL-4R in cord tissue at birth and the incidence of atopic eczema in later
childhood. Methylation of IL-4R CpG +28180 was previously reported by Soto-Ramirez et
al.(25) to be positively associated with asthma incidence in the peripheral blood of 18 year
old adolescents. However, in our study there was no association between CpG+28180 and
asthma incidence found, instead we found a positive association between umbilical cord IL-
4R CpG +28269 methylation, the neighbouring CpG site and incidence of atopic eczema at
12 months. Such differences between the two studies may reflect tissue specific differences in
DNA methylation, as we studied methylation in umbilical cord as opposed to in peripheral
blood, or differing predominant “asthma” phenotypes in children which we studied,
compared to the adolescents in the previous study. Likewise differences have been seen
between early and late onset atopic dermatitis, in an Asian mother—offspring cohort, GUSTO
(Growing Up in Singapore Towards healthy Outcomes) early onset atopic dermatitis was
found to be mainly associated with familial factors, while late onset atopic dermatitis was

associated with consumption of antibiotics or probiotics(46).

We also identified an association between TBET CpG methylation and atopy at age 6-7
years, which remained significant after adjustment for confounders. Further studies will be
required to determine the robustness of such associations; nonetheless, but our study suggests
that the early life environment may modulate the methylation of key Th1/Th2 genes affecting

the later risk of asthma, atopic dermatitis and atopy.

The strengths of the study include the relatively large sample size for GATA3 CpG
methylation and prospective collection of data. Moreover, atopic eczema was ascertained by
a standardised algorithm incorporating history and examination, while atopy was assessed

objectively by skin prick testing. We also report an association between the methylation of
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CpG sites within the promoter region of GATA3 and asthma and show that these CpG sites
lie within an NFkB binding site suggesting functional relevance. While further replication of
this finding and the other associations observed is required in a larger number of subjects it
does suggest that the methylation status of Th1/Th2 genes at birth may have utility as
indicators of later allergic disease risk. There are however some limitations to this study.
Firstly, the self-reported nature of some of the information, raising the possibility of recall
and information bias. Also, although the sample size in which GATA3 methylation was
measured was relatively large (n=696 in the extended sample), the sample size for the
analysis of IL-4, STAT4, TBET and IL-4R methylation, due to limited DNA availability, was
smaller and together with the low prevalence of some allergic phenotypes (5.9% for asthma
at 3 years) makes it therefore more challenging to detect associations. Secondly we have
analysed methylation in umbilical cord samples and differences in cellular heterogeneity
within the cord may contribute to the differences seen in methylation between individuals.
Although, cord tissue is also a good surrogate for tissues of mesodermal origin shown by
hierarchical clustering analysis of cord with 25 primary tissues/cells from the Epigenome
Roadmap project, we do not have Infinium450K data or other genome wide data on the SWS
umbilical cord samples, precluding a Houseman correction (47) or reference free surrogate
variable analysis (48). Notwithstanding the above, none of the top 500 leukocyte related
CpGs from Houseman et al. reside within the regions analysed here and umbilical cord tissue
is predominantly made up of mesenchyme derived cells, and less heterogeneous than cord
blood. Nevertheless, even if these methylation changes do reflect differences in cellular
heterogeneity, our data do suggest altered DNA methylation at these sites may provide a

valuable means of identifying individuals at risk of later allergic disease.

A third limitation was that we measured the methylation of 35 CpG sites/groups, raising the

likelihood that some of the weaker associations identified could represent chance findings.
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Although the associations between GATA3 CpG -2211/-2209 and childhood asthma do not
survive a strict Bonferroni or 5% FDR correction it is unlikely that these results are false
positives. The CpG sites were chosen using a prior hypothesis that Th2 lineage determination
genes were likely to be associated with allergic outcomes. In addition some of the CpG sites
are highly correlated as illustrated by the coMET plot (31) in Supplementary Figure 2. The
allergic outcomes are also significantly associated with each other (p<0.0001) for outcomes
at age 6-7 years, Bonferroni relies on the assumption that each of the tests are independent
(49). However, the main purpose of a Bonferroni correction is to guard against false positives
and in this study we sought to functionally validate the association between GATA3
methylation and asthma by examining the significance of altered methylation of the CpG
sites associated with asthma risk in human T cells. Our finding that methylation at these
CpGs blocked the binding of the transcription factor NfKb to the promoter region of GATA3
points away from the association of GATA3 methylation with asthma being a false positive

finding.

A further limitation inherent in the Sequenom technique, which we used to measure the
methylation of CpGs within GATA3, is that it cannot distinguish some closely neighbouring
CpG sites with the mass, hence their reporting as groups (such as CpG -2211/-2209), but
because of the sequence content of this region, designing amplicons to use on the
pyrosequencer was not feasible. Finally, we did not have information on serum IgE

concentrations or on rigorously diagnosed food allergy.
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5. CONCLUSIONS: In conclusion, we have demonstrated that higher methylation of
GATA3 CpGs -2211/-2209 at birth was associated with a reduced risk of asthma at ages 3
and 6-7 years. The associations identified by our study provide further evidence of a
developmental contribution to later risk of allergic disorders and may in time lead to new
biomarkers aiding the diagnosis and treatment of infants at risk of developing these chronic

and potentially debilitating diseases.
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Table 1: Table showing cohort characteristics of the participants in the smaller and extended
sample sets.

% or mean (standard deviation) % or mean (standard deviation)

Characteristic for smaller sample (n=366) for extended sample (n=696)
Maternal age at child's birth 30.5(3.6) 30.8(3.6)
Maternal pre-pregnancy BMI 25.3 (4.4) 25.2 (4.4)
Maternal smoking during pregnancy 12.9% 12.3%
Maternal atopy 43.6% 42.9%
Female child 47.0% 47.3%
Birthweight in grams 3463 (489) 3500 (501)
Ever breastfed 86.6% 85.6%
Atopic eczema at 12 months 12.6% (cases=46) 11.3% (cases=76)
Doctor diagnosed asthma at 3 yrs 5.8% (cases=21) 5.9% (cases=34)
Atopy at 3 yrs 16.0% (cases=48) 16.3% (cases=76)
Atopic eczema at 6-7 yrs 16.8% (cases=53) 16.3% (cases=102)
Doctor diagnosed asthma at 6-7 yrs 12.9% (cases=47) 14.3% (cases=86)
Atopy at 6-7 yrs 22.6% (cases=60) 24.0% (cases=104)

Table 2: Significant associations between the methylation of specific CpG sites in umbilical
cord at birth with doctor diagnosed asthma at ages 3 and 6-7 years (* denotes p<0.05).

CpG Genomic coordinates | Median ratio at age 3 years
(yes/no)(N cases/ N P value
controls)

Sﬁg“ CpG -2211- | 110:8134451,53+ | 0.737 (31/500) 0.006*
Median ratio at age 6-7
years
(yes/no)(N cases/ N
controls)

52’35“ CpG 2211 | 1110:8134451,53+ | 0.895 (79/475) 0.048*

IL-4R CpG +28239 chr16:27260974+ 0.98 (15/85) 0.029%
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Table 3: Significant associations found between the methylation of specific CpG sites in
umbilical cord at birth with atopic eczema at 12 months of age (* denotes p<0.05).

CpG Genomic coordinate Median ratio at age 12
months (yes/no) (N cases/ | P value
N controls)
OANAICPGZIBE T on10:8134517.09+ | 120 (67/575) 0.054
IL-4R CpG +28239 chr16:27260974+ 1.02 (13/87) 0.028*
IL-4R CpG +28269 chr16:27261004+ 1.03 (13/81) 0.059
STAT4 CpG -229 chr2:191724460- 0.981 (19/154) 0.067
Median ratio at age 6-7
years (yes/no)
IL-4 CpG -9664 chr5:132027913+ 1.02 (15/104) 0.0498*

Table 4: Significant associations were found between the methylation of specific CpG sites in
umbilical cord at birth with atopy at 6-7 years of age (* denotes p<0.05).

CpG Genomic coordinate | Median ratio at age 6-7
years (yes/no) (N cases/ N P value
controls)
TBET CpG -18424 chr17:43147185+ 0.98 (37/104) 0.017*
Figure Legends

Figure 1: A) Schematic diagram showing the promoter region of GATA3 and the location of
the CpG sites measured. B/C) Methylation of GATA3 CpGs -2211/-2209 in umbilical cord at
birth are associated with doctor diagnosed asthma incidence at 3 (B) and 6-7(C) years of age.
Methylation has been divided into 4 equal groups according to rank; means and standard
error means are plotted for each group.

Figure 2: Methylation at CpGs -2211/-2209 within a NFkB binding site blocks binding to the
GATA3 promoter. Nuclear extract from the human Jurkat T cell line was incubated with a
labelled probe covering CpGs -2211/-2209 and A) an increasing concentration of
unmethylated or methylated competitor or B) with an increasing concentration an
oligonucleotide containing the consensus NFkB binding site.
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Supplementary Figure 1B: IL4R
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Supplementary Figure 1C: STAT4
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Supplementary Figure 1D: TBET
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Supplementary Tablel: Regions selected for methylation analysis. CpG location are given
with respect to the transcription start site(TSS). CNS, conserved non coding sequence

CpG location Region Criteriafor selection
wrt TSS

GATAS
CpGs Upstream CNS Enriched for DNase | sites’
-2225 Contains several Notch and GATA3 binding sites which are critical
-2220 for GATA3 induction during Th2 differentiation®®.
-2211
-2099
-2193
-2145
-2143
-2122
-2117
-2112
-2099
-2035
-2005
-1977
-1838
-1828

IL-4

CpGs Upstream CNS Conserved non coding sequence’
-9733 Contains Th2 specific DNasel hypersensitive sites’
-9730 Region shows enhancer properties and binding sites for GATA3®
-9687 Deletion of this region reduces the number of cells producing 11-4°
-9664
CpGs Downstream CNS Conserved non coding sequence ’
+1034 Th2 associated DNasel hypersensitive sites’
+1062 Region has enhancer properties™®
+1066 Region demethylated in Th2 cells®
+1083
+1109
+1129
+1147

STAT4
-232 Proximal promoter | Region important for transcriptional activity in T cells’
-229 Methylation of CpG sites affects T cell specific expression’
-220
-213

TBet

CpGs Upstream enhancer | Conserved non coding region™
-18424 Shown to have enhancer properties and responsive to IL-12/Stat4 and
-18402 IFNG/Statl signals®

-18345




Supplementary Table 2: Sequence of pyrosequencing primers used to analyse the methylation
status of 11-4, IL-4R, TBET and STAT4.

CpG(s) | CpGsmeasured Notes Primer Sequence
IL-4 CpG -9733 and CpG-9730 | upstream For TTTGTTATATTTTTTTTTGGGGAAA
enhancer GTG

Rev | AACTTAAACCTTCCTCCCTTAAA
Seq | TTTTGGGGAAAGTGAT

IL-4 CpG -9687 and CpG -9664 | Upstream For TTTGTTATATTTTTTTTTGGGGAAA
- enhancer GTG
Rev | AACTTAAACCTTCCTCCCTTAAA

Seq | TGTTGTTTGTTTGGGT

IL-4 CpG +1034 and CpG CpGsin For | GGTGAGGTAGTATAGGAGGTAGAG
+1062 intron 2 Rev | CAAAACCCCTCCTCTTCCACA
Seq | GAGTTGGAGGGGAGT
IL-4 CpG +1066 CpGin For | GGTGAGGTAGTATAGGAGGTAGAG
intron 2 Rev | CAAAACCCCTCCTCTTCCACA
Seq

IL-4 CpG+1083, +1109, +1129 | CpGsin For | GGTGAGGTAGTATAGGAGGTAGAG
intron 2 Rev | CAAAACCCCTCCTCTTCCACA
Seq | GAGGTGTTTAGGTAG

IL-4 CpG+1147 CpGin For | GGTGAGGTAGTATAGGAGGTAGAG
intron 2 Rev | CAAAACCCCTCCTCTTCCACA
Seq | AGTATAGGAGGTAGAGAG

IL-4R | CpG1 +28162, +28180, FromSoto- | For | TTTTTTGGTTTTGTTTGGGTGTAAG
+28239 Raminez”® Rey | ATTAATAAAACCATTCATCTTCCAC
TC
Seq | TGTTTGGGTGTAAGTT
IL-4R | CpG +28245, +28269 FromSoto- | For | TTTTTTGGTTTTGTTTGGGTGTAAG
Raminez®® ATTAATAAAACCATTCATCTTCCAC
Rev | t¢c
Seq | AGGTTTTGTAGGAGTT
TBET | CpG-18424, -18402, - upstream | - | ATGTTAATTTAGTTAAGGGTAGAG
18345 enhancer TTAT

Rev | CCCCCTTATTATTTCTAACTCCAT
Seq | AGTTAAGGGTAGAGTTATTAG

STAT4 | CpG -232 CpGin TGTTTAAGGAAATTATTGAAGAAA
promoter ATGTAT

Rev | AACTACCAAACTAAAACCCCTTCA
Seq | GAAATTATTGAAGAAAATGTATGT

STAT4 | CpG -229, -220, -213 CpGsin TTTTTTTGGTATTGTTGAGTTATTT
For
promoter GTAGT
TCTCCTCCCACTTAAAACTTTCCTA
Rev TA

Seq | GGATAAGAGGGAAGAGGA




Supplementary Table 3: Sequence of Sequenom EpiTYPER MassARRAY primers used to
measure the methylation status of CpG loci within GATA3.

CpG(9) CpGs measured Primer Sequences
GATA3 | CpG -2225,-2220, -2211, - Left aggaagagag
2209, -2193, -2145,-2143, - GTTTTAGAAGTTAGTATTTTTAAGATT
2122, -2117,-2112,-2099, - TGG
2035, -2005, -1977,-1838,-
1828

Right [ cagtaatacgactcactatagggagaaggct
TTTCTCCTAAACCCACTTAATCTCC




Supplementary Table 4: Methylation ranges for IL-4, IL-4R, TBET and STAT4 in the SWS.

. . Smaller sample
CpG Genomic coordinates |-y | 5th percentile | 95th percentile | N
-4
CpG-9733 Chr5:132027844+ 62 53 73 196
CpG-9730 Chr5:132027847+ 33 27 47 196
CpG-9687 Chr5:132027890+ 69 61 78 160
CpG-9664 Chr5:132027913+ 79 72 84 131
CpG+1034 Chr5:132038611+ 59 49 75 142
CpG+1062 Chr5:132038639+ 63 51 81 204
CpG+1066 Chr5:132038643+ 67 57 82 204
CpG+1083 Chr5:132038660+ 51 42 66 218
CpG+1109 Chr5:132038686+ 68 57 79 149
CpG+1129 Chr5:132038706+ 48 38 63 185
CpG+1147 Chr5:132038724+ 49 39 62 203
IL-4R
CpG+28162 Chr16:27260897+ 92 80 9% 90
CpG+28180 Chr16:27260915+ e} 89 9 85
CpG+28239 Chr16:27260974+ 88 79 91 100
CpG+28245 Chr16:27260980+ 95 89 100 103
CpG+28269 Chr16:27261004+ 79 73 83 94
TBET
CpG-18424 Chr17:43147185+ 83 78 87 192
CpG-18402 Chrl7:43147207+ 63 57 70 192
CpG-18345 Chrl7:43147264 63 58 71 144
STAT4
CpG-232 Chr2:191724463- 72 65 79 172
CpG-229 Chr2:191724460- 93 87 100 173
CpG-220 Chr2:191724451- 97 95 98 168
CpG-213 Chr2:191724444- 99 o4 100 165




Supplementary Table 5: Methylation ranges for GATA3 in the SWS cohort

CpG Genomic coordinates Sample
Median| 5th |  95th N

GATAS CpG -2225 Chr10:8134437+ 22 11 49 657
GATAS CpG -2220 Chr10:8134442+ 8 2 17 678
GATA3 CpG-2211/-2209 Chr10:8134451,53+ 19 4 36 641
GATA3 CpG-2193 Chr10:8134469+ 14 1 33 675
GATA3 CpG-2145/-2143 Chr10:8134517,19+ 16 3 29 662
GATAS3 CpGs-2122,-2117,- Chr10:8134540,45,50+ 26 19 35 669
2112

GATAS3 CpG-2099 Chr10:8134563+ 9 1 30 675
GATAS3 CpG-2035 Chr10:8134627+ 12 6 23 678
GATAS3 CpG-2005 Chr10:8134657+ 12 3 26 673
GATAS3 CpG-1977 Chr10:8134685+ 15 4 36 678
GATA3 CpG-1838 Chr10:8134824+ 32 8 53 670
GATA3 CpG-1828 Chr10:81348344+ 13 4 29 497




Supplementary Table 6: Table showing the sequences of the oligonucleotides used in

the EMSA.
GATAS3 EM SA Oligonucleotide Sequences
GATA3 Forward 5. GCGTTTCTGACGCGGGGACTTCTCTCTT
GATA3 Reverse 5 AAGAGAGAAGTCCCCGCGTCAGAAACGC
GATAS Methylated 5"-GCGTTTCTGAZGZGGGGACTTCTCTCTT
Forward
GATAS Methylated 5'-AAGAGAGAAGTCCCZGZGTCAGAAACGC
Reverse
GATAS Forward 5'-(Bt)GCGTTTCTGACGCGGGGACTTCTCTCTT
Biotinylated
GATAS Reverse 5'-(Bth)AAGAGAGAAGTCCCCGCGTCAGAAACGC
Biotinylated
Cdk9 Forward 5'-ATCAGTTACTGCTGCGAGGAGCAAGCACTTGCT
(-ve control)
Cdk9 Reverse

(-ve control)

5’-AGCAAGTGCTTGCTCCTCGCAGCAGTAACTGAT




Supplementary Table 7: Associations between the methylation of specific CpG sites
in umbilical cord at birth with doctor diagnosed asthma at 3 and 6-7 yearsin the SWS
cohort. * denotes p<0.05.



3 years 6-7 years
CpG Genomic rl\z/jllt?gi an | Pvaue rl\z/jllt?gi an Pvaue
Coordinates (yesno (yesino)
)
L-4
CpG-9733 Chr5:132027844+ 0.999 0.645 1.01 0.864
CpG-9730 Chr5:132027847+ 1.04 0.615 1.02 0.767
CpG-9687 Chr5:132027890+ 1.01 0.744 1.01 0.43
CpG-9664 Chr5:132027913+ 1.01 0.495 1.01 0.107
CpG+1034 Chr5:132038611+ 0.927 0.152 0.982 0.471
CpG+1062 Chr5:132038639+ 0.998 0.797 1.01 0.8
CpG+1066 Chr5:132038643+ 0.997 0.661 1.02 0.67
CpG+1083 Chr5:132038660+ 0.986 0.528 1.01 0.626
CpG+1109 Chr5:132038686+ 1.03 0.823 1.02 0.176
CpG+1129 Chr5:132038706+ 0.996 0.943 1.04 0.373
CpG+1147 Chr5:132038724+ 0.95 0.519 0.995 0.837
IL-4R
CpG+28162 Chr16:27260897+ 0.989 0.922 0.971 0.33
CpG+28180 Chr16:27260915+ 1 0.975 1 0.724
CpG+28239 Chr16:27260974+ 0.984 0.197 0.98 0.029*
CpG+28245 Chr16:27260980+ 0.981 0.92 0.997 0.379
CpG+28269 Chr16:27261004+ 0.998 0.873 0.998 0.577
TBET
CpG-18424 Chr17:43147185+ 0.982 0.55 0.997 0.825
CpG-18402 Chrl17:43147207+ 1.02 0.774 1.02 0.391
CpG-18345 Chrl17:43147264 1.03 0.55 1.04 0.109
STAT4
CpG-232 Chr2:191724463- 0.995 0.621 0.995 0.888
CpG-229 Chr2:191724460- 1.04 0.283 1 0.945
CpG-220 Chr2:191724451- 0.994 0.054 0.998 0.667
CpG-213 Chr2:191724444- 0.988 0.357 0.995 0.987
GATA3
CpG-2225 Chr10:8134437+ 0.98 0.807 0.96 0.756
CpG-2220 Chr10:8134442+ 1 0.483 1.14 0.707
CpG -2211/-2209 | Chr10:8134451,53+ | 0.74 0.006** | 0.90 0.048*
CpG-2193 Chr10:8134469+ 1 0.644 1.07 0.455
CpG-2145/-2143 | Chr10:8134517,19+ |1 0.435 0.94 0.094
CpG-2122/- Chr10:8134540,45,5
2117/-2112 O+ 096 10265 |, 0.188
CpG-2099 Chr10:8134563+ 1 0.891 1 0.731
CpG-2035 Chr10:8134627+ 1 0.785 1 0.959
CpG-2005 Chr10:8134657+ 0.92 0.983 0.92 0.672
CpG-1977 Chr10:8134685+ 0.93 0.337 1.07 0.101
CpG-1838 Chr10:8134824+ 1 0.207 1 0.489
CpG-1828 Chr10:81348344+ 1.04 0.965 1 0.994




Supplementary Table 8: Associations between the methylation of specific CpG sites
in umbilical cord at birth with atopic eczema at 12 months and 6-7 yearsin the SWS
cohort. * denotes p<0.05.

12 months 6-7 years
CpG Genomic Median | Pvaue | Median Pvaue
Coordinates ratio ratio
(yes/no) (yes/no)
L-4
CpG-9733 Chr5:132027844+ 1.02 0.295 1.04 0.084
CpG-9730 Chr5:132027847+ 1.01 0.938 1.04 0.31
CpG-9687 Chr5:132027890+ 1.01 0.876 1.03 0.238
CpG-9664 Chr5:132027913+ 1 0.851 1.02 | 0.0498*
CpG+1034 Chr5:132038611+ 1 0.792 0.964 0.179
CpG+1062 Chr5:132038639+ 0.994 0.812 0.968 0.499
CpG+1066 Chr5:132038643+ 1.03 0.831 1.04 0.276
CpG+1083 Chr5:132038660+ 1.01 0.895 1.01 0.555
CpG+1109 Chr5:132038686+ 0.993 0.701 1.03 0.148
CpG+1129 Chr5:132038706+ 1.01 0.7 0.996 0.678
CpG+1147 Chr5:132038724+ 1.01 0.891 1 0.705
IL-4R
CpG+28162 Chr16:27260897+ 0.947 0.78 0.972 0.319
CpG+28180 Chr16:27260915+ 0.967 0.204 0.998 0.336
CpG+28239 Chr16:27260974+ 1.02 0.028* 0.991 0.347
CpG+28245 Chr16:27260980+ 0.978 0.398 1.02 0.27
CpG+28269 Chr16:27261004+ 1.03 0.059 1.01 0.496
TBET
CpG-18424 Chr17:43147185+ 0.993 0.217 1.01 0.995
CpG-18402 Chr17:43147207+ 0.994 0.673 1.01 0.795
CpG-18345 Chrl7:43147264 1 0.95 0.994 0.259
STAT4
CpG-232 Chr2:191724463- 0.986 0.477 0.981 0.208
CpG-229 Chr2:191724460- 0.981 0.067 0.998 0.998
CpG-220 Chr2:191724451- 1 0.982 1 0.274
CpG-213 Chr2:191724444- 1 0.283 0.996 0.891
GATAS

CpG-2225 Chr10:8134437+ 0.955 0.664 0.955 0.817
CpG-2220 Chr10:8134442+ 0.875 0.292 0.875 0.205
CpG-2211/2209 | Chr10:8134451,53+ | 1.03 0.427 0.947 0.188
CpG-2193 Chr10:8134469+ 0.929 0.841 1.07 0.673
CpG-2145/2143 | Chr10:8134517,19+ | 1.2 0.054 1 0.853
CpGs-2122,- Chr10:8134540,45,5

2117,-2112 O+ 1 0.976 1 0.426
CpG-2099 Chr10:8134563+ 1 0.987 1 0.402
CpG-2035 Chr10:8134627+ 0.917 0.508 0.917 0.067
CpG-2005 Chr10:8134657+ 1.08 0.405 0.958 0.571
CpG-1977 Chr10:8134685+ 1 0.792 1 0.729
CpG-1838 Chr10:8134824+ 1.03 0.704 1 0.724
CpG-1828 Chr10:81348344+ 1 0.885 0.962 0.214




Supplementary Table 9: Associations between the methylation of specific CpG sites
inumbilical cord at birth with atopy at 6-7 years of age in the SWS cohort. * denotes

p<0.05.
6-7 years
CpG Genomic Coordinates | Median ratio Pvaue
(yes/no)
IL-4
CpG-9733 Chr5:132027844+ 0.992 0.813
CpG-9730 Chr5:132027847+ 1.07 0.375
CpG-9687 Chr5:132027890+ 1 0.604
CpG-9664 Chr5:132027913+ 1.01 0.687
CpG+1034 Chr5:132038611+ 1.02 0.657
CpG+1062 Chr5:132038639+ 1.01 0.446
CpG+1066 Chr5:132038643+ 1.03 0.187
CpG+1083 Chr5:132038660+ 1 0.555
CpG+1109 Chr5:132038686+ 1.04 0.079
CpG+1129 Chr5:132038706+ 1.02 0.317
CpG+1147 Chr5:132038724+ 1.03 0.258
IL-4R
CpG+28162 Chr16:27260897+ 0.967 0.284
CpG+28180 Chr16:27260915+ 0.986 0.467
CpG+28239 Chr16:27260974+ 1.01 0.159
CpG+28245 Chr16:27260980+ 0.998 0.512
CpG+28269 Chr16:27261004+ 1 0.417
TBET
CpG-18424 Chr17:43147185+ 0.98 0.017*
CpG-18402 Chrl17:43147207+ 1.02 0.455
CpG-18345 Chrl17:43147264 101 0.839
STAT4
CpG232 Chr2:191724463- 0.99 0.349
CpG-229 Chr2:191724460- 1.01 0.365
CpG-220 Chr2:191724451- 1 0.568
CpG-213 Chr2:191724444- 0.999 0.714
GATA3
CpG-2225 Chr10:8134437+ 1 0.757
CpG-2220 Chr10:8134442+ 1 0.945
CpG-2211/2209 | Chr10:8134451,53+ 0.921 0.218
CpG-2193 Chr10:8134469+ 1 0.777
CpG-2145/2143 | Chr10:8134517,19+ 1.07 0.759
CpGs-2122.- Chr10:8134540,45,50
2117,-2112 + 1 0.962
CpG—2099 Chr10:8134563+ 1 0.282
CpG-2035 Chr10:8134627+ 1 0.866
CpG-2005 Chr10:8134657+ 1 0.756
CpG-1977 Chr10:8134685+ 0.933 0.495
CpG-1838 Chr10:8134824+ 1.03 0.74
CpG-1828 Chr10:81348344+ 0.786 0.207




Supplementary Table 10: Table showing cohort characteristics of the participants in the IL4-R sample set and the IL4, TBET and STAT4 sample
set

% or mean (standard deviation)
% or mean (standard deviation) for IL4, TBET & STAT4 sample

Characteristic for IL4-R sample (n=125) (n=224)
Maternal age at child's birth 30.9(3.7) 30.8(3.6)
Maternal pre-pregnancy BMI 25.4 (4.7) 25.6(4.7)
Maternal smoking during pregnancy 8.9% 9.4%
Maternal atopy 39.5% 42.7%
Female child 52.0% 49.6%
Birthweight in grams 3481(477) 3472 (501)
Ever breastfed 85.1% 88.0%
Atopic eczema at 12 months 10.4% 11.2%
Doctor diagnosed asthma at 3 yrs 4.8% 4.9%
Atopy at 3 yrs 19.2% 16.8%
Atopic eczema at 6-7 yrs 19.3% 17.4%
Doctor diagnosed asthma at 6-7 yrs 13.6% 13.4%

Atopy at 6-7 yrs 21.4% 25.2%



Supplementary Methods

Pyrosequencing

The level of methylation of 23 individual CpG dinucleotides was measured by sodium
bisulfite pyrosequencing. Genomic DNA was prepared and bisul phite conversion was
carried out using the EZ DNA methylation kit (ZymoResearch, Irvine, California,
USA). The pyrosequencing reaction was carried out using primers listed in
Supplementary Table 2. Modified DNA was amplified using Hotstart Plus DNA
polymerase (QIAGEN). PCR products were immobilised on streptavidin-sepharose
beads (GE Hedthcare UK Ltd., Amersham, Buckinghamshire, UK), washed,
denatured and released into annealing buffer containing the sequencing primers.
Pyrosequencing was carried out using the PyroMark Gold Q96 Reagent kit on a
PyroMark Q96 MD machine (Biotage, Uppsala, Sweden) and the % methylation was
calculated using the Pyro Q CpG software (Biotage). Within assay, precision was
between 0.8 and 1.8 % and detection limits were 2 - 5 % methylation. The median
methylation and 5" and 95" percentiles for all measured CpGs are shown in

Supplementary Tables 4 and 5.

Sequenom analysis

Genomic DNA was purified from frozen cords by proteinase K digestion and
phenol:chloroform extraction. Quantitative analysis of DNA methylation was
performed with the Sequenom MassARRAY Compact System

(www.sequenom.com/). Briefly, this involves the gene-specific amplification of

bisulfite-treated DNA, followed by in vitro transcription and anaysis by matrix-
assisted laser desorption ionization time-of-flight (MALDI-TOF) mass spectrometry.

1pug of DNA was bisulfite converted using EZ DNA Methylation kit (Zymo



Research). PCR primers specific for bisulfite converted DNA were designed using
Methprimer. Each reverse primer contained a T7-promoter tag for in vitro
transcription (5 -cagtaatacgactcactatagggagaaggct-3°), and the forward primer was
tagged with a 10mer to balance Tm (5 -aggaagagag-3’). Supplementary Table 3 lists
the primer sequences. Bisulfite-treated DNA was PCR amplified (Qiagen HotStar Taq
Polymerase) and treated with Shrimp Alkaline Phosphatase (Sequenom), heat
inactivated and simultaneous in vitro transcription/uracil-cleavage reaction was
carried out. Transcription cleavage products were desalted and spotted on a 384-pad
SpectroCHIP (Sequenom) using a MassARRAY nanodispenser (Samsung). Mass
spectra were acquired using a MassARRAY MALDI-TOF MS (Bruker-Seguenom)
and peak detection, signal-to-noise calculations and quantitative CpG site methylation
was performed using proprietary EpiTyper software v1.0 (Sequenom). Consistent

with the manufacturer’s specification, (www.sequenom.com) agreement between

technical replicates was good, duplicate measures differing by <10% methylation in
amost al cases. We excluded from analysis samples that failed to give areliable PCR
product or produced spectra with low confidence scores (<2.9 in EpiTyper). For
fragments containing a single CpG site, DNA methylation state is calculated by the
ratio of methylated to unmethylated fragments. Limitations imposed by Sequenom
analysis treat cleavage products containing multiple CpG sites as single units and the
methylation values reported are weighted averages across the unit (referred to as a
CpG group). In total Sequenom measurements were made for 16 CpGs. 0% and
100% methylated DNA, and DNA quality and no-template controls were included in

all assays.



Electrophoretic mobility shift assays

Nuclear extracts were prepared from human Jurkat cell line. Cell pellets were re-
suspended in 800ul of lysis buffer (10mM Hepes, pH 7.9, 10mM KCI, 0.1mM EDTA,
ImM DTT, 0.5mM PMSF, ImM leupeptin) and incubated on ice for 10 min. Then
50ul of NP-40 was added, the cells vortexed for 10 seconds and spun at 11,000g for
30 seconds. The supernatant was discarded and the pellet containing nuclel re-
suspended in 50ul of nuclear extraction buffer (20mM HEPES, Ph 7.9, 0.4M NaCl,
1ImM EDTA, 1mM DTT, 1ImM PMSF). This was then incubated on ice for 30 min
and nuclear debris pelleted at 4C for 5 minutes at 11,000g. The protein concentration
of nuclear extracts was determined with the BCA protein assay kit (Pierce) using the
manufacturer’s instructions. The nuclear extracts were stored at -80C until use. For
EMSA, double-stranded DNA oligonucleotides (biomers.net) labelled with biotin at
the 5’ termini of both strands were used (Supplementary Table 6). Single-stranded
oligonucleotide probes were annealed by heating equimolar amounts of
complementary strands to 95C for 5 minutes and slowly cooling the reaction mixture
to room temperature. Electrophoretic mobility shift assays were performed using
LightShift Chemiluminescent EMSA Kit (Thermo Scientific). All binding reactions
were carried out using 2pmol of the non-specific DNA Poly (dI*dC), 20 fmol of
biotin-labelled probe, 1x binding buffer, 2.5 % glycerol, 0.05 % NP-40, 5mM MgClg
(20ul final volume) and incubated on ice for 20 minutes. For reactions carried out
with nuclear extract (5ug), total protein was utilised. Competition was performed with
500-fold excess of unlabelled oligonucleotide (methylated or non-methylated) and
incubating on ice for 30minutes prior to addition of labelled probe. Complexes were
resolved on pre-run 4 % non-denaturing polyacrylamide gel in 0.5X Tris-borate-

EDTA for 45 minutes at 100V followed by semi dry transfer (200mA 1hr) to a



positive nylon membrane and UV cross-linking. After incubation in the blocking
buffer for 15 minutes a room temperature the membrane was incubated with
streptavidin-HRP conjugate for 15 minutes. The membrane was then washed and

visualised with a chemiluminescent substrate (Thermo Scientific).



Supplementary Figure 1. Schematic diagrams showing the location of the CpG sites
measured in A) 11-4, B) I1-4R, C) STAT4 and D) T-bet.

Supplementary Figure 2: Plots to show co-methylation of CpG sites within GATA3,
IL-4, 11-4R, STAT4 and TBet
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