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Word count: 3,640

Background: A, defective skin barrier is hypothesised to be an important route of
sensitisation to dietary antigens, and may lead to food allergy in some children. Missense

mutations in theSerine peptidase inhibitor kazal type 5 (SPINIS&n barrier gene have

previowsly been associated with allergic conditions.
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Objective: To determine whether genetic variants in and ar@&mPdNK5are associated with

IgE mediated food allergy.

Method: We genotyped 71 ‘tag’ single nucleotide polymorphisms 8hidps) within a

region snning ~263 kilobases (kb) includigPINK5(~61kb) in n=722 (n=367 food
allergic, n=199 food sensitised, tolerant and n=156 non-food allergic controls) 12-month
infants(discovery sampleyhenotyped for food allergy with the gold standard oral food
challenge (OFC)Transepidermal water loss (TEWL) measures were collectedrabhths
from a subsetn=150) oftheseindividuals.SNPs were tested for association with food
allergy using the CdranMantelHaenszel test adjusting for ancestry stratsocdations
analysesverereplicatedn an independent sample group derived from four paediatric
cohorts totaln=533 (=203 food allergic, n=330 néond allergic) mean age.5 years, with
food allergy.defined by either clinical history of reactivity, 95% positive predivihae

(PPV) or challengecorrected for ancestry by principal components.

Results: SPINK5variantrs932507A—G) was associated witthallenge proven food
allergy in the discovergample(P=0.001 | OR=2.95 | Cl=1.49-5.83). This association was
further supported byeplication(P=0.007 | OR=1.58 | CI=1.13-2.20) andnhgtaanalysis
(P=0.0004+|-OR=1.65Variantrs9325071 is associated with decreaSBtN\K5 gene
expression in the skin in publicavailablegenotypetissue expressiotata,andwe generated

preliminary-evidencéor associatiorof this SNP withelevated TEWlalsa

Conclusions: We reportfor the first time, association betweBRINKSvariantrs9325071

and challengg@roven IgEmediated foodllergy.

Key words:"Feod allergy, LEKTI, skin barrier, skin barrier function, SPINK5

I ntroduction

Cutaneous_exposurte foodsvia a defective skin barrieis hypothesisedas aroute of

sensitisation. tefoodsnfants with early onset eczema are significantly more likely to develop
food allergies (Martiret al, 2015) and in this context it has been proposed that disrupted skin

barrier function in early life may facilitate setisation to foods due to passage of food

antigens across the impaired epicutaneous barrier. According to the “Dual Allergen

Hypothesis” the timing and balance of cutaneous exposure relative to oral exposure tan resul

in food allergy (Allen & Koplin, 2016Lack, 2008). Mutations in skin barrier integrity genes
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85 are thereforgotentialrisk factors for the development childhood food allergy. In support of
86 this, loss of function mutations in the epidermal gene encddaggrin (FLG) have been

87 associated withisk of peanut sensitisation (Tast al, 2012) and peanut allergy (Brough

88 al., 2014; Venkataramaet al, 2014; Brownet al, 2011). Yet the role of other skin barrier

89 genes intthesdevelopment of food allergy is underexplored.

90 Another gene of relevardo skin barrier integrityis SPINKS SPINK5encodes the protein
91 productlympheepithelial Kazaityperelated inhibitor (LEKTI), a serine protease inhibitor.
92 LEKTI is involved in the regulation of the desquamation process, i.e. the shedding of the
93 outermet layer of the epidermis, by inhibiting serine proteases kallikrein (KLK) 5, K&K7
94 KLK14 (Deraisonet al, 2007). Mutations irSPINK5are associated with the rare recessive
95 skin condition Netherton Syndrome (NS) (Chavagiaal, 2000), a condition frequently co

96 associated.with-atopic manifestations, including food allergy (Waltegl, 2001). Single

97 nucleotide_polymorphisms (SNPs) @PINK5have now been identified associated with

98 risk of asthma“(Walleyet al, 2001; Kabesclet al, 2004) and eczema (Walley al, 2001;

99 Nishio et al,;*2003; Katcet al, 2003; Kusunoket al, 2005; Weidingeket al.,2008; Zhacet

100 al., 2012){ However, the results have not always been consistent (Hwdticie 2007;

101 Kabeschet al, 2004; Jongepieet al, 2005; FolsteHolst et al, 2005). To date no studies
102 have directlysexamined the associatioof SPINK5 variants with challengeproven food
103 allergy, .despite clear associatiasf this genewith skin barrier integrity and atopic
104 manifestations. A stydof 115 Japanese children with atopic dermatitis (AD) reported that a
105 SPINK5SNP, rs2303067 [1258: &A(Glu420Lys)], associated with severity of AD was
106 also a risk faetor for food allergy (Kusuna#i al, 2005), although this study was not able to
107 assesghe role ofSPINKS5in food allergy risk independent of AD status. Here we sought to
108 specifically investigate the relationship betwe&PINK5SNPsand food allergy in a cohort
109 of oneyearold“infants with challengproven clinical outcomes. Witlheplicationin an

110 independensample our dataseeks tanvestigate whetheBPINK5variants are genetic risk

111 factors for food allergy.
112 Methods
113  Study populations

114  For the discovery analysis, DNA samples were obtained fineniHealthNuts (HN) cohort, a
115 longitudinal, populatiorbased study of food allergy based in Melbourne, Austr@gborne
116 et al, 2011). Briefly, recruitment took place between 2007 and 2011 of 5,276 12 rotihth
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infants presenting for scheduled immunisations at council run clidicgifants undewent

skin prick testing (SPT) to egg white, peanut, sesame, and 1 or 2 other foods (dkw’is m
shrimp). Those with detectable SPT (1 mm or greater than negative controls) were invited to
the Royal Children’s Hospital within-2 months to repeahe SPT. On the same day they
underwent -an=open oral food challenge irrespective of wheal size usirdgtprenined
objective diagnastic criterig<oplin et al, 2015),which hasbeen widely published as the gold
standard for infantsSampsoret al., 2012).Approximately 200 individualSPT negativdo

the paneltested were also invited as negative controls and underwent food challemge
millilitres of_bleod was collected after food challenges from 836 individuals and A&\
extractedor, genetic studies. Ethical approval for this study was obtained from the @ific
Children Human Research Ethics Committee (HREC) (CDF/07/492), the Department of
Human Services HREC (10/07) and the Royal Children’s Hospital (RCH) HREC (27047).

Replication_ was sought ian additional panel of 203 food allergibildrenand 330 non
atopic controlsdrawn from the Peanut Allergen Threshold study (PATs) of peanut allergy
(Zurzoloetral;2013), the Probiotic and Peanut Oral ImmunoTherapy (PPOIT) study éfang
al., 2015),/ Bawon Infant Study (BIS) (Vuillermiret al, 2015) and the Melbourne Atopy
Cohort studyMACSs) (Loweet al.,2016 (seesupplementary figure 1). Replication sample
ethics apprevals for each study were as followBATS: HRECApp32166A and
2012P002475PPOIT: Approved by RCH Human Research and Ethics Committee HREC
27086Q; MACS: initial approval by the Mercy Maternity Hospital Ethics Committee
(R88/06), ‘18 year followup, including collection of DNA, was approved by the Royal
Children's Hespital (HREC 2Z85); BIS:Barwon Health Human Research Ethics Committee
HREC (10/24).

For the discovery analysis, phenotypes of kEases and controls were defined by food
challenge .outcomeas follows: Food allergy: detectable SPT wheal (mm) wheal to
peanut, egg.whitecow’s milk or sesame AND evidence of clinical reactivatyOFC. Food
sensitised-tolerant: detectable SPT wheal (mm) to peanut, egg white, cow’'s milk or
sesame but.negative OF@on-allergic: No detectable SPT wheal to peanut, egg white,

cow’s milklersesameand negative OFC.

For the replicationanalysis case phenotypeswere defined through a combination of
challenge proven outcomes where availaldéS(cohort), or by evidence of sensitisation

(SPT or sIgE) with clear history of immedigige clinical reactions within 42 hours of

This article is protected by copyright. All rights reserved



149 exposure PPOIT andPATs cohorts), or using accepted 95% positive predictive values for
150 SPT wheal size§MACs cohor) (Peterset al, 2013) Gupplementary table 1). For all
151 studies eczema status was ascertainecdibipry of doctordiagnosed eczema, or nurse

152 observed eczema at presentation to clinic.
153 Genotyping and Quality Control (QC)

154 Tag SNPs across=tHePINK5 region were chosen on the basisliokage disequilibrium

155 (LD), calculated using HapMap data in Haploview (Barettal., 2005). 77 tag SNPs

156 capturing 387 alleles with LD of¥=0.8 (mean®.97) in and aroun8PINK5within a region

157 of ~263 kilobases (kb)ere selected fagenotypng (HapMap Genome Browser Phase 1, 2 &
158 3, chr5:147;26%,000 to 147,530,0q8upplementary figure 2). SNPs wergenotyped using

159 Agena Bioscience iPLEX Gold chemistry and the MassARRAY mass spectrometer system.
160 Primers were designed using Agena Bioscience online tools with MassArray Design 3.1
161 software to perform multiplexing of primers addition,a panel o#49 Ancestry Informative

162 Markers (AIMs)were genotyped from the panel described in (Bouseta, 2013. Non-

163 conservative genotypealls were visually inspected in TYPER 4.0 (Agena Bioscienoe)

164 samples r@enotyped where a catloud not be made. Genotypes were analysed using
165 PLINK (Pureellet al, 2007). Individualand SNPswith a genotyping success rate of less
166 than 95% were removed. Tag SNPs with minor allele frequency (MAF) of <0.02, or
167 deviation=frem=the HardyVeinberg equilibrium (HWE) (p<0.01) were removekhese

168 quality control measures resulteda final cohort of n=722 (n=367 food allergy cases, n=199
169 food sensitisedolerant and n=156 neallergic controls)genotyped for7l tag SNPsA

170 power calculationwas conducted iQuanto ® assess the power of the studypriedicted

171 sufficient power(80%) to detect effects sizes over 1ab an alpha<0.05 for common SNPs.
172  For detailed QC breakdowseesupplementary figure 1. For the replication studthe top

173 four SNPs assogiated thwifood allergy from the discovery analysis (rs9325072, rs3815741,
174  rs4705054,.rs932507 &upplementary figure 3A) above the nominal-palue (<0.05) were

175 selected for_replication. After QC in the replication study there were iB@&iduals

176 genotyped foithree SNPs(rs9325072, rs4705054$9325071 supplementary figure 3B).

177 All individuals in the replication samplevere genotyped using the AIM panel and ancestry
178 was genetically inferredsee Supplementary figure 4), described in the supplementary
179 methods.

180 Trans-epidermal water loss measures

This article is protected by copyright. All rights reserved



181 Measures of tramspidermal water loss (TEWL) were availabler a subset of HN

182 participantswith SPINK5genotype datén=150).Participants were given time to acclimatise

183 to the clinic room (20 minutes), during thise clothing was removed from the testing site.

184 Atmospheric temperature and humidity were recorded, as well as skin temperature.
185 Atmosphericitemperature was on average 24°C (min: 20.8°C; max: 27°C). TEWL measures
186 were recordedising theTewameter® TM30Git the midlower back until five consecutive

187 measures within“standard deviation @2 were achieved. Raw TEWL (g/n? h) readings

188 werepositively skewed, antthereforelog transformed prior to analysis.

189 Dataanalysis

190 Ancestrystrataswerascertained indiregtlby parental country of birtim the HealthNuts

191 study and samples were classified as Caucasian (both pamemis Australia, Europe, UK,
192 Northern America or New Zealand=503), Asian (both parents born in South East Asia,
193 n=74) o mixed AsianCaucasian (n=145). We used genomede SNP data, available on a
194 subset (n=344) of the discovery sampleg identityby-state clustering analysis against the
195 human reference populations to establish the accuracy of our predicted ancestity strata
196 assess the accuracy of our pam@mintry of birthas proxy measure of ancestry

197 (Supplementary.figure5). The strata we defined based on parental country of birth were
198 highly correlated with genetically determined ancestry (93.7% correlatid@&nicasians”
199 and 93.0%correlation for “Asians”p@pplementary figure5). All analyses of the discovery
200 study were modelled using CochritantelHaenszetestsadjusting for sex and ancestry
201 strata in PLINKyand the genomic inflation facteas1.10, indicatingonly modesinflation
202 (Yangetal, 2011).

203 The primary.analysis of the discovery cohort tested the association b&RBEI5SNPS

204 and food.allergic cases and nfmod allergic controlsA secondary analysis was conducted
205 in the disecovery:cohort tizase apart the relationshiptween the variants and clinically

206 reactive (challenge proven food allergy) or asymptomatic (senstbseradnt) food allergy

207 using the samanalysismodel. An additional secondary analysis was conducted to measure
208 allele freguenciedetween food allergic cases and food senskiskstant cases, to test

209 whetherthere'wasevidencdor a stronger association amongst the clinically distinct

210 outcomesFurther, to test whethdéine observed genetic associations for food allergy were
211 driven by co-morbid eczema, an additional analysis for an association with challenge pr

212 food allergywas conducted excluding infants with eczema
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In the replication phase principal components (R@nfthe AIMs data were used to adjust
for heterogeneity arising from population structure. Genetically inferrecspaketermined

657 individuals to be of European descent, 217 of mixed Eurefsgian descent and 32 of
Asian descent. Logistic regressi@uljusted for PCsexand studyin PLINK was used to test

for differences=in minor allele frequencies between food allergic anedfoaoh allergic
individuals of the replication sample. Finally, due to differences in phenotypadeactited
amongst these studies, a sensitivity analysis was conducted restrigpimgntatype and age
matched eases and controls (the Barwon Infant Study).uBliSed oral food challenge to
definecasecontrol statusat 12-months of age, consistent with measures used in the discovery
analysis. SimpleM (Gao et al., 2008), a method of correction for multigiesting of
correlated¢SNPs was used to define multipling adjusted -palue thresholds for the
discovery and replicatiorsimpleMis a PC analysis approach which captures the correlation
of SNPs in the dataset and calculates the number of independent ¢gsksfédred My in

the discovery was 47, the derived significance threshold was therefore calouthtete
formula 0.05/M.. This formula gave the corrected significance threshold of 0.001. For

replication thesealculated Mwas 7, giving a derived significance threshold of 0.007.

Metaanalysisof the discovery and replication panels was performed using the PLINK meta-
aralysis funetion for food allergy (n=570) vs natiergic controls (n=486) using the
association‘files from the discove@pchranMantetHaenszel test and the replication logistic

regression adjusted for ancestry principal components.

For the EWlranalysisassociations between log(TEWIn? h) and each variant were
analysé usinglinearregression to assess whether there was a difference in measurable skin
barrier functionality in those with the risk variant (n=150). TEWL recordings &palysed

by genotypeof SNPsassociated with food allergy.
Results
Characteristics of the study participants

Overall 722sinfants, 367 foedllergic, 199 food sensitiseédlerant and 156 neallergic
controls were,included in thdiscoveryanalysis Table 1). The proportion of clinically
allergic children in this population wd&g% whilst the rate of food sensitisation wWé8%.
Egg allergy was the most common type of food allext§9.3%, followed by pean82.2%

and sesamé.7%. Amongst the food allergic group6.426 had concurrent atopic eczema,
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which was highemwwhen compared with the food sensitised grdiY.7%) or nonallergic
controls(25.0%).

SPINKS5 variants associated with food aller gy

When comparing challengeoven food allergy cases with natlergic contrés in the
individuals#of ‘the discovery studwe identified ahaplotype block ofcorrelated SNPs
(Supplementary figur e 3) associated with food alleggnominal P<0.05) (rs9325072-GT:
P=0.001 | .OR=2.95 | CI=1.49-5.833815741 A-~G: P=0.0@ | OR=2.76 | Cl=1.44-5.31;
rs4705054 A-T: P=0.01| OR=1.94 | CI=1.17-24; rs9325071A—G: P=0.02 | OR=1.83 |
CI=1.11-3.03) Table 2a). One variant rs9325072 reached the derived multifgsting
adjusted significance threshotd 0.001 To test whether these genetic associations were
being driven"by conorbid eczema the analysis was then repeat@&ifants without eczema
(leaving n=174food allergic cases and n=90-fowd allergic controls)Thetop associatiosa
remained consistent, illtrating that the association is with food allergy and not eczerda

that eczema is not involved in the mechanism for this assoc{&upplementary table 2).

A secondary analysis of food s#iisedtolerant(i.e asymptomatidood allergy compared to
nonfood allergic controlsvas conductedOne SNP associatewith challengeproven food
allergy showed a significanh@minal P<0.05hssociation with the food sensitised, tolerant
phenotype§9325072 P=04| OR=2.11 | CI=1.044.41) (Table 2b). A comparisonof the
allele frequencies between symptomédtod allergicindividuals and asymptomatidood
sensitisedindividuals for the topfour SNPs from the primary analysdid not support a

significantdifference between these two gropsable 2c).
Replication‘efs:ecandidaterisk variants

Comparing.food allergic cases to non-food allergic cdsirothe replication samplenly

one association/(rs9325071, fourth most significant association in the discovery)sample
remainecdconsistent with the discove(?=0.007 | OR=1.58 | CI=1.13-2)20 able 3a) and
reached thesderived multiptesting corrected significance threshddain this association
remained.after infants with eczema were removed to ascertain if the associattiveras

by comorbid'eezeman the sensitivity analysis restricted to only infants with oral food
challenge outcomethedirection of effect wasimilar but 95% Cis included s9325071.:
OR=140, CI=0.66-2.98
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In a metaanalysisof data from discovery and replication (n=1056), 570 fabbergy cases
and 486 novallergic controlsan association with variams9325071 (P=0@D4 | OR=165 |
Q=062 | 1=0.00 wasfurther supportedsge Table 3b). There was strong evidence agaiast
null hypothesis of homogeneity across studies (the discovery and the replszatipte} of
the magnitude of the association (effect sias)detected by Cochrane’s Q statidigtween
variantrs9325072 and rs4705054 and the risk of food allesgg/Table 3b).

Evidence of.skin.barrier impairment via trans-epider mal water 10ss measur ement

The analysis of transepidermal water IGBBEWL) provided some preliminary evidence that
there may be a recessive effect on skin barrier permeability by genotyfpedallergy
associated. SNRSupplementary table 3). However, the number of individuals with both
minor allelesgenotypes and TEWL data in this analysis was underpowered to eonclud

anything more than a suggestiesult thatvarrants further exploration.
Expression.Qualitative Trait Loci (eQTL)

To further explore function of theeplicatedfood allergy associated variant, publicly
available gene expression data by tissue type was accessed fi@ir&k®rojectdatabase
Replicated variant rs93250Wassignificantly associated with decreassfdINK5expression
in the skin(P=8.9x16) in the GTEx database, suggestihg variant is dunctional eQTL.

Discussion

In this study we reporaa novelgenetic association betwe&HNKS5 variants and IgE
mediatedoodsallergy.This is the first time these variants have been examined in the context
of challengeproven food allergythe genetic mechanisms of which are still largely unknown.
This studysadds*to a growing list of candidate gene associations and provides the foundation

for extensivestesting in other populations.

We focused onSPINKS with a prior expectation that this gemmay harbour variants
associated with food allergy due its critical role in skin bamigrity and its ceassociation
with atopic foed“allergy in patients with Netherton syndroiie integrity of the skin barrier

is increasingly recognised as a critical protective factor againgnigtated food allergy.

Using a tagSNP approacprovided broad genotypmverage of common variants$PINK5

and reveale@NPs in ehaplotype block to be associated with clinical food allergy. The high
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level of correlatio between these variants suggests they are frequenthheoted and

future fine mapping studies are now needed to resolve the specific causal variants.

Within this haplotype block, SNB932507was shown to be associated with food allergy in
both thediscovery and replication sample. Analysis of publicly available gene expression
data revealed rs93250%lallele carriageo beassociated witllecrease&PINK5expression

in the skin, suggesting a plausible functional rale this variant in skin barrier integrity
Additionallys-individuals in this studyho werehomozygous for the rs9325071 minor allele
exhibited higher. levels of TEWLWhile thesedata lend further support for a functional
impact of r§9325071 on skin beerintegrity, our sample size was small and thus the findings
need to be considered cautiouslye can reasonably concludeat the overall trend may
suggest a potential functional role for this SNP by way of reduced LEKTI expre@ke
product ofSPINK5S) and increasedkin permeability Skin barrier impairment may allow for
increased allergen absorption across the skin and whepréuede®ral allergeningestion,
which is largely‘tolerogeni(Du Toit et al.,2015), food sensitisation may devel@roughet

al., 2015. Avsimilar pathway has been proposed for household peanut exposure in infants
with FLG LOE mutationgBroughet al., 2014. This is further supported by observations in a
murine model of skin barrier impairment induced by tape stripping, stimulétyrgic
stromal lymphopoietin(TSLP) production [eyva-Castillo et al, 2013). These mice
subsequently became sensitised to the locally applied allergen, with detectable systemic
allergen specific immune responsésyva-Castillo et al, 2013). An alternative mechanism

of action might occur viampaired LEKTI signallingandTSLP expression.EKTI-deficient
keratinocytessproduce uninhibited KLK5, perpetuatinggltergic Th2 signalling, including
elevated TSLP.expressi@Briot et al, 2010).LEKTI expressionn the thymus haalsobeen
hypothesised to influee T cell differentiationand result in bias towards patiergic
immune“responseChavanast al, 2000). LEKTI may also have an additiomale in the
mucosal epithelia where itak been implicated iTmunological activity and inflammatory
responses in the mucosal epithelskin barrier impairment, induced Th2 signalling as a
consequenc®f LEKTI deficiency, and/or disruption of LEKTI in the mucosal epithelia
represenbiologicaly plausiblepathway for future functional studie® investigatehe role

of SPINK5polymorphismsn food allergy.Knowledge of food allergy associated skin barrier
SNPs, in this cases9325071, ry be useful for identifying patients inhem repairing the

skin barrier, or providing protection through the use of emollients, would constitute a

treatment priority to either prevent or hat@gnage food allergy.
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336 A strengthof this study was our ability to explore whetl@INK5variantswere associated

337 with the risk for developingpod sensitisatioyor clinical food allergy, due to thevailability

338 of challengeproven phenotypic groups the discovery samplé@he replicated food allergy

339 associated SNRs9325071, was associated with clinié@bd allergy (P=0.02 | OR=1.83 |

340 CI=1.11+8.03)in"the discovery analysibut wasnot associated with asymptomatic food
341 sensitsation (P=0.26] OR=1.38 | CI=0.72.41), suggesting it may predispose a more

342 severe clinical phenotypélowever, the sample size available for the sensitised group was
343 smaller than that for the allergic group, and this may have limited our power to detect

344  association.with sensitisation. Larger studies would be required to confirrmthregyf

345 An importantfinding from tis study was theBPINKS5 variationincreass the risk of clinical
346 food allergyindependently oeczema. This was an important mechanism to congislen
347 food allergy.and eczema are frequentnoorbidities, and previous studies have reported
348 SPINKS5variartsiassociated with maternal transmission of atopic dermatitis (Watley.,
349 2001) It istlikely that SPINK5 polymorphisms are a risk factor for both food allergy and
350 atopic eczema

351 A limitation of the study is the sample size of the discovery cohort which did not afow f
352 robust asseeciations after multiple testing correction. Thus we relied heavilyemlication

353 sample, whiclshowedthe strongest associations in the discovehpddo befalse positives.
354 Further'srengths of this study include the highly clinically relevant case definitions, the
355 replication in an independent population, and the inclusion of functionalAl&taitation of

356 this study wassthe potential heterogeneity between the discovery and the repdiaatpas

357 in terms of age and phenotymlefinitions. To address this we provided a supportive
358 sensitivity analysis innfants with outcomes defined only by oral food challenge, to remain
359 consistent with the discovery study. The effect siggmategesulting from thisreplication

360 subanalysis were consistent with the effect ssstimates fothe overall replication sample,
361 providing evidence that heterogeneity arising from differences in outconmitioes wasnot

362 introducing_confoundingAnother limitation was ta use ofparentalcountry of birthas a

363 proxy measure of ancestmather thangenetically determined ancestry in the discovery
364 populationifo address thiparentalcountry of birthwas compared tavailable genomavide

365 SNP data on a subset of the discoveaynple providing evidence that parentbuntry of

366 birth clustered well with genetically inferred ancestry. A final potential limitation is that oral
367 food challenges were not douddénded placebo controlled. However, as published in the
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368 PRACTALL guidelines, at 1-’nonths of age infants are unlikely to have fgissitive
369 results due to subjective symptoms (Sampetaad.,2012).

370 In conclusion, with replication in two populations we present mbgeidence thaBPINK5

371 variants are associated with clinical food allergy in children.
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Figures & tables

Table 1. Clinical characteristics of 722 infants included in the discovery cohort.

Non-allergic Food sensitised,  Food Allergy
controls (NA) tolerant cases cases (FA)
Infant demographics T e o
Age in months at/recruitment (mea
J ( 12.6 (0.65) 12.6 (0.68) 12.7(0.75)
SD)
Gender (% 'male) 47.4% 54.3% 58.9%
Reported ethnicity
Asian 3.3% 17% 14%
European 86.8% 66% 61.5%
Mixed European/Asian 9.9% 24.1% 24.4%
Infant clinicalscharacteristics
History of eczema 25.0% 37.7% 56.4%
Nurse observed 10.9% 19.1% 29.2%
History of'doctor diagnosis 14.1% 18.6% 27.2%
TEWL n=38 n=38 n=66
Average TEWs (g/rhh) 16.9 (16.1) 16.7 (11.5) 16.8 (16.3)
Food sensitisation
Egg sensitisation 0% 29.6% 93.7%
Sesame sensitisation 0% 5.5% 9.0%
Peanut sensitisation 0% 30.2% 49.9%
Food allergy
Egg allergy 0% 0% 89.3%
Sesame allergy 0% 0% 6.7%
Peanutiallergy 0% 0% 32.2%
Family characteristics
Any siblings 54.5% 48.7% 44.3%
Asthma
Maternal asthma 19.9% 21.1% 22.9%
Paternalasthma 18.6% 15.6% 19.1%
Sibling asthma 10.9% 9.6% 10.1%
Hay fever
Maternal hay fever 22.4% 15.1% 24.0%
Paternal hayfever 35.3% 28.1% 37.9%
Sibling hay fever 5.8% 3.5% 6.5%
Eczema
Maternal eczema 22.4% 14.1% 22.1%
Paternal eczema 14.7% 10.1% 12.3%
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Sibling eczema 22.4% 16.6% 17.2%

Food allergy
Maternal food allergy 12.2% 6.0% 6.3%
Paternal food allergy 11.5% 4.5% 4.4%
Sibling food allergy 109% 5.5% 6.8%

Author Manuscrip
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5 Table?2. A. Associations between SPINK5 SNPs and food allergy corrected for ancestry strata with Cochran-Mantel-Haenszel 2x2xK test and adjusted for

6 genderB. Associations between SPINK5 SNPs and food sensitised-tolerant pher@tipalysis of food allergic cases vs food sensitisation

A. Food allergy vs B. Food sensitised, C. Food allergic vs
non-food allergic tolerant vs non- food sensitised,

food allergic tolerant
SNP.. A1 A2 |P OR 195 U95 |P OR 195 U9 |P OR 195 U95
rs93250722..T C 0001 295 1.49 583 | 0.04 211 101 441|014 138 090 2.10
rs3815741 |G A 0.002 276 144 531| 007 192 094 3.92|0.09 143 094 218
rs4705054°'T A 001 194 117 3.24| 034 133 075 235|0.06 143 0.98 2.09
rs9325071 G A 002 1.83 111 3.03| 026 138 079 241|015 131 090 1.90
rs43717400 T A 006 139 099 197| 032 122 083 178|036 114 0.86 1.51
rs17704764 | G A 0.07 069 047 1.03| 051 0.87 057 133|030 083 0.58 1.18
rs17641748 A G 005 176 099 3.12| 078 110 057 212|010 1.46 0.93 227
rs6580526°' T  C 005 072 052 1.00| 039 085 059 123|023 084 064 1.11
rs1120680+ G A 0.05 207 097 443 0.18 1.73 0.76 3.93 | 0.55 1.17 071 193
rs6580544« G A 011 0.77 055 107| 003 066 046 096|039 114 0.85 1.52
rs7700964+4 T  C 012 076 054 107| 023 079 054 116|081 096 0.72 1.29
rs93250574+ A G 009 073 050 1.05| 026 0.79 052 119|062 092 0.67 1.28
rs1860933 A T 012 131 094 1.83| 048 114 079 166|032 115 0.87 1.52
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rs6896204 | G A 077 112 052 242| 031 062 024 158|016 1.64 0.82 3.29
rs6892970 | c T 076 113 052 242| 033 062 024 160|017 1.62 081 3.26
rs77140694G T 077 112 052 242| 044 070 028 174|024 150 076 2.95
rs6874765+ A G | NA NA NA NA 059 NA NA NA 0.15 0.00 NA  NA

rs1864997. G A 081 105 070 159| 032 125 080 196|019 0.80 058 1.12
rs7732713+ T A 079 110 057 211| 034 140 070 281|050 0.84 050 1.41
rs10515597+ A G 0.89 095 043 207| 009 042 015 118|006 222 096 5.12
rs10515601.T G 091 103 064 165| 034 077 045 132|020 131 087 1.99
rs13436856.T A 091 1.02 070 150| 025 128 084 193|012 078 058 1.07
rs13188824° T C 0.85 107 053 217| 072 086 038 195|042 130 069 247
rs7725292% A G 0.86 104 065 167| 027 133 080 221|019 078 054 1.13
rs10491340 G A 096 098 043 222| 011 042 0.14 126|007 223 091 550
rs17774892 G A 0.85 108 050 233| 0.6 050 0.18 134|008 196 092 4.16
rs9325073° C G 0.88 103 070 153| 066 110 072 170|062 0.92 067 1.27
rs176377114 T C 090 1.06 044 258| 070 081 029 232|043 139 061 3.19
rs13185274< A G 0.81 096 066 138| 098 100 066 149|077 096 070 1.30

tA1 is the minor allele, OR the odds ratio, L95 & U95 are the lower and upper limits to the 95% confidence interval and P column indicates floe tRerassociation.
A. 367 foed,allergic cases vs 156 non-food allergic controls. B. 199 food sensitised-tolerant cases vs 156 non-food allergic controls. C. 367 food allergic cakes vs 199 foo

sensitised-tolerant cases.
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11  Table 3. A. Associations between SPINK5 SNPs and food allergy in replication sample adjusted for ancestry using principal coBypdatntmalysis of
12 discoverysand replication associations between SPINK5 SNPs and food allergy

A B. Replication results C. Meta-analysis results

SNPYAL A2 OR SE 195 U95 P P PR) OR ORR) Q |
rs93250724T C 072 022 047 110 013 071 0.62 107 142 0.0006 91.59
rs4705054+«T A 079 019 054 115 022 059 066 1.09 122 0.005 87.06

rs9325071.G A 158 0.17 113 220 0.007 0.0004 0.0004 1.65 1.65  0.62 0

13 {A. Replication analysis adjusted for gender, ancestry (by principal components) and study. B. Meta-analysis P(R) is the P-value estimate deriving from the random-effects
14  meta-analysis model, OR(R) is likewise the odds ratio estimate derived from the random-effects model. @aisdtfeoR-Cochrane’s Q statistic of effect size

15 heterogeneity'between studies and | is the 12 heterogeneity index (0-100)
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