Supplemental Material
METHODS

Study population

For our epigenome-wide screen, we obtained blomd 106 Caucasian children with cow’s milk
allergy (CMA) and 77 non-allergic Caucasian corgtis defined below from the Chicago Food Allergy
Study (the discovery sample), which has been pusljadescribed in detdii? Briefly, eligible families
had at least one biological child with FA and wefling to participate in the study. For each efedl
participant, the following procedures were complefe questionnaire interview by trained reseatalf s
to obtain information on home environment, didgdtyle, history of food allergy (FA) and othereatiic
diseases; 2) allergy skin prick testing (SPT) fo&d- and 6 aero- allergens; and 3) collectionesfous
blood samples. For each child, we also collectddtailed history of their clinical allergic reaatio
associated with ingestion of specific foods. Timgitutional Review Board (IRB) of Ann & Robert H.
Lurie Children’s Hospital of Chicago and Johns HapkBloomberg School of Public Health (JHBSPH)
approved the study protocol.

For replication purposes, we obtained two indepengemples. The first sample consisted of 5
Caucasian cases with allergy to both cow’s milk pednut and 20 positive controls with allergy to
peanut but not to cow’s milk (see detailed desiaipbelow for phenotypic classification) enrolledrmh
the same Chicago Food Allergy Study (the Chicagtication sample). These subjects were independent
of the discovery sample. The second sample codsi$t&40 African-American children from the
prospective Boston Birth Cohort (BBOhcluding 8 cases with CMA and 132 normal contithe
Boston replication sample). Unlike the samplesiokthfrom the Chicago Food Allergy Study, the
Boston sample had DNA methylation (DNAmM) measureddrd blood (prior to clinical expression of

disease). The IRBs at the Boston Medical CenterJ&tRSPH approved the BBC study protocol.

Phenotype definition



As reported previously,* we defined CMA cases in this study using the foifg stringent
criteria: 1) a convincing history of symptoms iratize of an allergic reaction within 2 hours of @stjon
of cow’s milk; and 2) clear evidence of sensitiaatdefined as having a specific IgE (slgH).35 kU/L
to cow’s milk and/or a positive SPT to cow’s millithvmean wheal diameter (MWD} 3 mm greater
than the saline control. Normal controls were deias a child who had neither a clinical allergic
reaction nor evidence of sensitization to any efetbmmon foods (peanut, egg white, cow’s milk, soy,
wheat, walnut, fish, shellfish, and sesame seadjd Chicago replication sample, positive contvadse
defined as a child who had neither a clinical gliereaction nor evidence of sensitization to comii,

but was allergic to peanut.

Skin prick test (SPT) measurement

In the Chicago Food Allergy Study, SPT to 9 foddrglens (cow’s milk, egg white, soybean,
wheat, peanut, English walnut, sesame seed, figsthawd, flounder, halibut, mackerel, tuna], and
shellfish mix [clam, crab, oyster, scallops, shijy@nd six aeroallergens (two dust mites
[Dermatohagoides teronyssinus, Dermatophagoidesajacat hair, dog epithelia, cockroach mix, and
Alternaria tenius), plus negative (50% glycerinagatine) and positive (histamine, 1.0 mg/mL) coalstro
(Greer, Lenoir, NC, USA) was performed using a Muést Il device (Lincoln Diagnostics) as
previously described in detdil* Data were excluded if the MWD for the negativetooinvas>3 mm, or
if MWD for the positive control was <3 mm, or ifétdifference of the positive minus the negative
control was <3 mm. A positive SPT was defined 86D >3 mm for a specific allergen. No SPT

measurements were performed in the BBC.

Specific I gE (sl gE) measur ement
In the Chicago Food Allergy Study, sIgE for 9 faabbrgens (egg white, sesame, peanut, soy,

milk, shellfish, walnut, cod fish and wheat) andéoallergens (Dermatophagoides pteronyssinus and



Dermatophagoides farinae, cat dander, dog dan@em&h cockroach and Alternaria alternata) were
measured using the Phadia ImmunoCAP system (Pb&liac., Portage, MI, USA), by the Clinical
Immunology Laboratory at Lurie Children’s, a CLIA&tified laboratory for the ImnmunoCAP assay. The
detection limit for each sIgE was <0.1 U and the reporting range was 0.1 - 104U In the BBC,

slgE for 8 food allergens (egg white, peanut, sailk, shrimp, walnut, cod fish and wheat) was
measured at Quest Diagnostics using the Phadia m@AP system. The detection limit for food sIgE

was <0.35 kU/L.

DNAmM measurement and quality control steps

In the discovery stage, case and control DNA sasnf@@eng/uL) were evenly distributed across
each plate to minimize batch effects, which weentbhipped to the Northwestern University Genomics
Core for DNAm profiling.Briefly, 0.5 ug of genomic DNA was bisulfite-converted using Ei&96
DNA Methylation™ Gold Kit, and DNAm levels at 483,%loci were measured using the Infinium
HumanMethylation450 BeadChips (450K), accordinthtomanufacturer's instructions.

A raw intensity file (.idat) for each sample wasgqessed and several quality control steps were
performed using the ‘minfi'Bioconductor package, as we reported previotiByst, we examined the
450K control probes to assess bisulfite conver@atension, hybridization, staining, specificitydan
others. Second, we computed the median for both lsliedd Unmeth signals for each array and displayed
them in a scatter plot. This approach clearly idieat one outlier sample with a median jagtensity
value <10.5, which was removed from further anay3dird, we removed 748 loci that had a detection
p-value (a measure of probe performance) > 0.aD# or more of the samples. Fourth, we removed
21,524 CpG sites that had an annotated single atigidepolymorphism (SNP, minor allele frequency
>0.01) at the measured and neighboring locus @g-depending on probe strand orientation), and
removed 27,513 CpG sites previously reported torbss-reactivé After these quality control steps,
DNAm of 435,642 sites (including 11,222 X-chromososites) from 182 samples were available for

subsequent data analyses.



Using the ‘minfi’ packag a stratified quantile normalization procedure applied to the raw
data and normalized beta valup} fanging from 0-1 for 0% to 100% methylated, webtained. M
values (logit transformef) were also computed. Both tBeand M values were ComBat-transforrhed
using the ‘sva’ packadavith the array number as the surrogate for thehest ComBat-transformed M
values were utilized for downstream statisticallgs®s since they represent a more normal distahuti
thanf values. ComBat-transform¢&values were used for plotting purposes since #neynore
intuitive. The same protocols for DNAmM measurensrt data cleaning were applied to the two

replication samples.

Empirical estimation of blood cell composition

To account for potential differences in the projomis of cells that comprised the blobt,we
empirically estimated the proportion of CD8 pogtiV cells, CD4 positive T cells, natural killerlseB
cells, monocytes and granulocytes as previouslgriesl by Houseman et Hlfor all of the discovery

and replication samples, using the ‘minfi’ package

Statistical analysesin the discovery stage

To identify differentially methylated positions (CR8) associated with CMA in the discovery
sample, we used the ‘limma’ pack&g® fit a linear regression model for ComBat-tramsfed M value
at each CpG site as a function of CMA status (lec@scontrol), adjusting for potential confounders
including gender, age group (coded as 0=<2 yeats6lyears, 2=6-10 years, 3t0 years),
breastfeeding history (yes/no), parental historff&f(0=none, 1=one parent, 2=both parents with FA),
cell type proportions for granulocytes, monocysells, NK cells, CD4+ T cells, and CD8+ T celis,
well as genetic ancestry (represented by thetfirstprincipal components based on genome-wide SNP
data, as we reported previoulyBonferroni correction was applied to accountrfartiple testing

(p<1.15E-07). For CpG sites on the X-chromosomedgespecific analyses were also performed.



As a complementary approach to single-site DMPyaesal we searched for differentially
methylated regions (DMRs) associated with CMA ugheggbumphunting() functidfin the ‘minfi’
package. Briefly, each locus was a priori assigoearegion such that any two neighboring loci
separated by 300bp or less were assigned to the igyion. Next, for each CpG site, we estimated the
difference in average combat-transformed M valuevden CMA cases and controls, adjusting for the
same covariates as described above. Significansesggned with the application of a bootstrapping
method (n=1000 times). CMA candidate regions witaraily-wise error (FWER) <0.05 were considered
significant. All statistical analyses were perfodnesing R-3.1.1 and Bioconductor 2.12.

We then performed a KEGG pathway analysis to ifiehtological pathways with enrichment of
genes that exhibited differential DNAmM between TO8A cases and 76 controls, using WebGe$tald
with the ~20,000 annotated genes of the studie¢b425CpG sites as the background. We used a

Bonferroni adjusted p-value <0.05 as our signifazathreshold.

Statistical analysesin the replication samples

We decided to validate a subset of identified CM&exiated DMPs in our replication analyses
due to the small number of samples. These subsgtsselected based on one or more of the following
criteria: 1) significant DMPs (p <1.15E-07) with ahsolute DNAm difference >5%; and/or 2) significan
DMPs (p <1.15E-07) that annotated to genes releteathie TH-TH, pathway, a critical pathway in
allergy development. In both replication sampleliear regression model, similar to the one ajpiale
the discovery stage, was fitted to explore the @ation of each DMP with CMA. Due to a limited
sample size, the potential confounders that weiderexd in the Chicago sample included child’'s age a
cell type proportions. In the Boston sample, thefeonders that we adjusted included cell type
proportions, parental history of FA, and gestati@ge group (due to a significant association betwe
gestational age and cord blood DNAm Iévéf). We used an FDR corrected p-value threshold (FDR

<0.05) to account for multiple testing in each iegtion.



For the CMA-associated DMPs that were validateat ileast one replication sample, we then

explored their biological relevance ,using the wai, EpiExploret’.
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Table E1. Population characteristics of the 182 Caucasian children included in the discovery stage

Variable Normal control CMA case p-valuée®
N=76 N=106

Child’s age(years), mean£S 5.524.( 4.2+2.7 0.01¢
Boy, n (% 31 (40.8 67(63.2 0.00z
Parent history of food allergy, n ( 0.02:

Paternal onl 11 (14.5 19 (17.9

Maternal onl 7(9.2 21 (19.8

Both 0 54.7

Neithel 58(76.3 61 (57.6
Curren maternal smokir, n (% 20 (26.3 18 (17.0 0.127
Current paternal smokil, n (% 14 (184) 19 (17.9) 0.932
Preterm birt, n (% 8 (10.5 9 (8.5 0.63-
C-sectior, n (% 22 (28.9 35 (330) 0.55¢
Pets in the homin (%) 43 (56.6 49 (462) 0.16¢
Any breastfeedin, n (% 67 (88.2 101 95.3) 0.07&
Maternal consumption of cow’s milk product duri 0.58¢
breastfeeding, n (%)

<2 day: 2(4.4 5 (5.6

3-5 day: 9 (19.6 20 (22.2

> 6 day: 35 (76.1 62 (68.9

Stop consumption during the first 3 mor 0 333
Antibiotic use during the® year of life 0.29:

Yes 36 (47.4 38 (35.9)

No 38 (50.0 65 (61.9)

unsure 2 (2.6 3(2.9

sIgE to cow’s milk (kU/L), median (" -75™)°
SPT to cow’s milk (mm), median (" -75")¢

23.1(6.2-59.6  <0.007
10.5 (8.414.0  <0.001

cNeoloNoNe]

Other types of food allert 49 (46.3 <0.001
Egg allerg 36 (34.0 <0.00?
Peanut allerg 7 (6.6 <0.00!

CMA: cow's milk allergy. DNAmM: DNA methylation. SOstandard deviation. sIgE: specific IgE. SPT:
skin prick test.

4Comparison between CMA cases and controls wasnpegfibvia chi-square test and t-test, respectively,
for categorical and continuous variables.

®This analysis was limited to 146 children (46 ndromtrols and 90 CMA cases) with any breastfeeding
and aged < 7 years.

“Four children (1 control and 3 cases) had missatg dn milk-specific IgE.

934 children (6 controls and 28 cases) had missitg dn milk SPT.



Table E2. Population haracteristics of thCaucasiarreplication sample from tFChicagoFood Allergy
Study and of the African-American replication saenftbm the prospective BBC birth cohort

Caucasiareplication samp

African-Americar replication

sample
Controls  Case p Controls  Case p

n 2C 5 132 8

Child’s age (years), mee+SD® 9.1+2.F 7.244.] 0.337 ] 3.Cx3.: 3.8+2.1  0.31-
Boys, n (% 13(65.0 4(80.0 0.52( | 81(61.9 5(62.5) 0.94¢
Preterm birth, n (% 5(25.0 0 0.211]57(43.2 2(25.0 0.31:
Currentmaternal smokir, n (% 5(25.0 1(20.0 0.81%] 24(18.2) 2 (5.0 0.63(
Current paternal smoki, n (%" 5(25.0 1(20.0 0.461|41(31.0° 3(375) 0.70¢
Parental history of food allergy, n (° 7 (35.0 4(80.0 0.07(|23(18.9° 4 (57.1° 0.02:
Any breastfeedin, n (% 19 (95.0 5(10C0) 0.61C| 100(75.¢) 6 (75.0) 0.961
Eczem, n (% 13(65.0 4(80.0 0.52(|0 4(50.00 <0.00:
Hay feve, n (% 7 (35.0 5(10C.0) 0.00¢|24(18.2 6(75.0) <0.00]
Asthmg, n (% 8 (40.0 5(10C.0) 0.01¢|30(22.7 5(625) <0.002
Othertypes of food allerg, n (% 20(100.0° 5(100.0 1.0C |0 3(37.5) <0.00!

DNAmM: DNA methylation. SD: standard deviation.
4Child’s age when cow’s milk allergy was defined.
®15 controls had missing data on current paternakag.
10 controls and 1 case had missing data on patastaty of FA.
9All the non-CMA controls were allergic to peanut.
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Table E3. KEGG pathways with enrichment of genesthat exhibit differential DNA methylation in
children with CMA

Pathwa’ N of gene Ratic? Raw Adjusied Observed gen
p-valué p-valué

TotaP O° E°

Butirosin and neomyci 5 3 0.1C 31.32 6.8E-05 0.00¢ HK1, HK2, HK3
biosynthesis

Starch and sucro 43 6 078 762 0.001 0.03  HK1, HK2, HK3, GPI,
metabolism AGL, GUSB
Fructose and manno 35 5 0.67 7.8C 0.0c04 0.011 HK1,HK2, HK3,
metabolism PFKFB3, FB1

CMA: cow’s milk allergy;HK1: hexokinase 1; HK2: hexokinase 2; HK3: hexokinase 3; GPI: glucose-6-
phosphate isomerase; AGL: amylo-al pha-1, 6-glucosidase, 4-al pha-glucanotransferase; GUB:
glucuronidase, beta; PFKFB3: 6-phosphofructo-2-kinase/fructose-2,6-biphosphadageBl: TCF3

(E2A) fusion partner.

*The total number of the reference genes in eadiwgat "the total number anithe expected number of
genes in each pathway that exhibited differentidlADmethylation in children with CMA.

‘Ratio = the number of observed genes (O) / the rumbexpected genes (E).

°Raw p-value from hypergeometric test.

'Bonferroni correction was applied to adjust for tiplé testing.
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Table E4. Biological relevanceof the eight CMA-associated DMPs that were validateat least one replication sample.

DMP CHR Gen Locatior CPCislanc DHS Repeateleme LAD® TFBS  Polycomb repress Enhance
gene

cg1638615 2 ILIRL1 ~ TSS150 SINE CTCF N

cg13316148 2 STAT4 Body \ CTCF \ \

cg08404225 3 IL5RA 5UTR \ \

cg26787239 5 L4 TSS1500 \ CTCF \

cg0937753 8 TRAPPC9 Body LINE

cg11770323 13  NDFIP2  Body \© CTCF \

cg18550847 14  EVL 3UTR \ \

cg0604087 17  CCL18 Body \

CHR: chromosome; DHS: DNasel hypersensitive sibd®4P: differentially methylated position; LAD: lanménassociated domains; LINE: Long
interspersed nuclear element; SINE: short intesgenuclear element; TFBS: Transcription factodinig sites. TSS: transcription start sit; UTR:
untranslated region.

®Biological relevance was analyzed using the weh tgiExplorer.

®Overlapped with a conserved region

“In mammary epithelial cells.

_AD: lamina associated domains. An event of hypdiation of these regions may cause or reflecu#t & the mechanisms that are central to
the development and conservation of normal stdtddferentiation and tissue-specific patterns ehg expression.

®CTCF: CCCTC binding factor, a transcriptional regat which may protect downstream DNA from upstreaethylation activities
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Fig Legend

Fig E1. A genomic cluster in the EVL genethat hypomethylated in CMA children compared to

normal controls. 1a). The upper panel shows DNA methylation levelshe y-axis and genomic

location on the x-axis. Each point represents ththghation level at a specific CpG site for eachAM
case (in blue) and control (in black). The lowengladisplays the methylation difference betweersas
and controls for the six involved CpG sites (cgZ#7, cg16409452, cg14084609, cg06756385,
€g18550847 and cg01000631);* p < 1.15E-07 for tleéhylation difference between cases and controls
1b). DNA methylation correlation for the genomiaster shown in fig E1la. The measure of correlation
coefficient (r) among each pair of CpG is showrpgiaally, with blue representing high positive

correlation.

Fig E2. Scatter plots of DNA methylation levels at 8 CM A-associated DM Psthat were validated in
at least one replication sample. (A) Plot for each DMP in the discovery sampleX82); (B) Plot for
each DMP in the Chicago replication sample; (C} Rloeach DMP in the Boston replication sample.

The red segment denotes the median DNA methyl&iais within each subset of subjects.
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FigureE2

A. Chicago Discovery B. Chicago Replication C. Boston Replication
cg11770323 cg11770323 o cg11770323
2 2 [
™~ A %0, N~ o~ e
o o o
c g c &o c _ od’
S 7] S B £ o
& N s < 8
z 844 2 8 4F e z &4
3 8 o = o -4}
° ©° oo T © ] 0] =)
e 8% £ o 1S B P s
s s : . |8
o W o ° o g | &8
il 8%0 0 A o T Lo
o ° (@] °
T T T T T T
Cont CMA Cont CMA Cont CMA
cg18550847 cg18550847 o cg18550847
(o) o S
o)} [+ )
o ® 3 o o
o
C — c — N S
> 3 2 8 ]e o > 8
k= o %o < o o [ = [=] °
(] o @ © (] ©
E = e £ = ° i E g-o
<zt < =2 °
[m] E ] [m] E ] o M~ o
o o (o]
2 T T
T T T T
Cont  CMA Cont CMA Cont  CMA
cg09377531 cg09377531 cg09377531
- ® _ -
S 19 c  1n 8 & S
S o | Lo o = 9
= : S = g L= = o °
& o & © O & g
= 1 > 4 ¢ 7 o el —
k= & E= %, ° 3 .
g © | o g o - = .
< o o © < o <Z( o & .
=z | o, prd | Z - &t °
(] oo [a) o o g
Qe 8 _| © 3@
© T T © T T © T T
Cont CMA Cont CMA Cont CMA
cg16386158 cg16386158 916386158
—H ] o° N
c [Tp]
[Co c o} Q 7o)
§ © g 2 S8 S 84
Zz n 880 = 4 8 ° g
= < o @ Qo= = -
& 0 %" o ITe) ] ° e
E ™~ @, £ N~ c ﬂ °
L © ép < O < o | o=
=z = < A
] — [a) — [ o ] o ©
[Tp]
O 8 — o 8 —
° ! e ! I o T T

T
Cont CMA Cont CMA Cont CMA



DNA methylation DNA methylation DNA methylation

DNA methylation

050 060 0.70 0.80

070 080 090

0.60

0.75 080 085 0.90

0.75 0.85

0.65

Chicago Discovery

cg08404225
§ 3
%

i §

4

T T
Cont CMA
cg13316148
¥

o8

T T
Cont CMA
€g26787239

)
%
o8e

<]

Cont CMA
cg06040872
?O <] °
Y] %
e B
S
T > T
Cont CMA

DNA methylation DNA methylation DNA methylation

DNA methylation

B. Chicago Replication

050 060 0.70 0.80

070 080 090

0.60

0.75 080 085 0.90

0.75 0.85

0.65

cg08404225
B
[:)

ﬁ oo
° -] .-O
I I
Cont CMA
cg13316148
g -
T T
Cont CMA
€g26787239

‘s
N ol
° e o
T T
Cont CMA
cg06040872
85
2&
@ o
o® °
& °
T T
Cont CMA

DNA methylation DNA methylation DNA methylation

DNA methylation

C. Boston Replication

050 060 070 0.80

070 080 090

0.60

0.75 080 085 0.90

0.75 0.85

0.65

cg08404225

°o
© 00 °
I I
Cont CMA
cg13316148
<3
&
‘:‘e,
T T
Cont CMA
€g26787239
o
Co
ol T
Cont CMA
cg06040872
-Uopo
*

Cont CMA




