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S upplem entary M ethods

Discovery andm eta-analysis

Discovery resultsfrom anallergicsensitizationGW AS w asincludedasoneofthedatasetscom prising

resultsfrom 5,809 w ithallergicsensitizationand9,875 controlsw ithdatafrom thefollow ingcohorts:

AAGC,AL S P AC1,B58C,CO P S AC2000,L IS A,M AAS ,N FBC 1966,R AIN EandP IAM A.P leaseseediscovery

paperforethicalstatem ents,cohortprofilesandnum bers.2 S ensitizationstatusw asassessed

objectively by eitherelevatedlevelsofallergen-specificIgE(sIgE)inblood orby apositiveskin

reactionafterskinpricktest(S P T )againstcom m onfoodandinhalantallergens.T heS P T cutofflevel

w as3 m m largerthanthenegativecontrolforcases,andbelow 1 m m forcontrols.ForsIgE,cases

w eredefinedaslevelsatorabove3.5 IU /m L and forcontrolsbelow 0.35 IU /m L .Im putationw as

independently conductedforeachstudy w ithreferencetoHapM apphase2 or3 CEU genotypes

(CentralEuropeanancestry).S tudy levelassociationanalysisw asperform edusinglogisticregression

m odelsbased onanexpectedadditiveallelicdosagem odelforS N P s,adjustingforancestry-

inform ativeprincipalcom ponentsasnecessary.S N P sw ithM AF<1% and/orpoorim putationquality

(M ACH r2 <0.3 orIM P U T Eproperinfo<0.4)w ereexcluded.Aftergenom iccontrolatthelevelofthe

individualstudies,thesum m ary statisticsw erem eta-analyzedusingafixedeffectsm odelandinverse

varianceasw eightsinM ET AL (2010-08-01).Intotal2,400,129 S N P sw ereavailableinthreeorm ore

cohorts.

GW AS resultsfrom the23andM estudy w ereincludedinthepresentstudy involving10,509

individualsw ithself-reportedcat-allergy,9,815 w ithDust-m iteallergy,16,133 w ithP ollenallergy

(grasses,treesorw eeds)and26,311 w ithoutsym ptom sinatotalof46,646 individuals.Allergy w as

definedasthoseindividualsw horeportedapositiveallergy test,difficulty insw allow ingorspeaking,

hives,itchy m outh,itchy eyes,itchy noseorasthm ainresponsetoaparticularallergen.3 T hesecond

partofthestudy sam pleonself-reported allergy (m othersfrom theAlspaccohort)w asnotincluded

inthepresentstudy astheseindividualsarerelatedtoindividualsintheGW A onsensitization.
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Im putationw asperform edinthe23andM estudy usingthe1000 Genom esreference(August2010

release)inbatches.S N P sw ithanim putedr2 > 0.5 averagedacrossallbatchesandr2 > 0.3 inevery

batchw ereused.S N P sw ererem appedtoB36.A generalizedestim atingequation(GEE)m odelw as

appliedtoassessthesharedgeneticeffectsonallthreephenotypestakingintoaccountthe

correlationsbetw eenthesephenotypes.

T hem eta-analysisw asperform edusingafixedeffectsm odelusinginversevarianceasw eightsin

M ET AL (2010-08-01)4 afterasecondgenom iccontrolforthem eta-analysisofthedatasetonself

reportedallergy andsensitization.

Enrichm entofautoim m unedisease-associatedlociandallergy

Candidatelociw erechosenfrom theGW A’scatalog5 accessed25thofN ovem ber2013 using

autoim m uneandinflam m atory traitsofinterest(S upplem entary T ableE1).T hesereportedtraits

w erecollapsedinto16 overallautoim m unediseasetraits.AllS N P -traitassociationsw ithP <5e-8w ere

used.W ecollapsedcloseS N P sintoloci(+/-250kb)6 andusedforeachlocustheS N P w ithlow est

reportedP asindex S N P (S upplem entary Figure1).Forcom m onloci(listedintable2),alloriginal

publicationsw erecheckedforeffectallele,and any discrepanciesw iththeGW A’S catalogw as

corrected.AftertheextractionofS N P -associations,theenrichm entO ddsR atiow ascalculated asthe

num berofobservedextractedS N P sw ithP <0.05 outoftotalextractedS N P sascom paredtototal

num berofindependentS N P sw ithP <0.05 w ithintheGW A discovery resultsusingaFisher’sexacttest.

Forthisw eusedHapm ap,CEU panel,todefineindependentloci.T hisw asperform edusingP L IN K(--

indep-pairw ise200 5 0.5)w ithaslidingw indow on200 S N P satstepson5 S N P spruningthedatasets

tocontainonly oneof2 correlatedS N P sw ithar̂ 2>0.5.T oplotenrichm ent,w eequally plotted

observed P -valuesagainstexpectedunderthenullhypothesis(Q Q plots).Enrichm entandQ Q plots

w ereplottedoverallforall290 lociandseparately foreachofthe16 autoim m unediseases,how ever

only forthosediseasesw ithm orethan10 locireportedintheGW A catalogue.ForextractedS N P sa

FalseDiscovery R atecorrectedP -value< 0.05 w asconsideredsignificant.Analysisw ereperform edin

P link7 andR project(3.0.1)8.
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Functionalevaluation

Enrichm entofS N P sfallinginDHS sites:

DHS sitesw eredow nloadedfrom theEN CO DEproject9 andfrom theEpigenom icsR oadm ap10

selectingonly celltypes(orcelllines,herefrom “ celltypes” ) w ithduplicates,rem ovingtransform ed

celltypes,andrem ovingredundantcelllines,based onm anualcuration.Huh7w asanoutlierinall

analyses,andw asrem oved.DHS sitesw eresettoafixedw idthof150bpfrom centerofregionforall

celltypes.Allergy andCrohn’sDiseaseS N P sw eresplitinbinsofincreasingp-valuecutoff,startingat1

(includingallS N P sandsettingbaselineforenrichm ent)anddecreasingonedecim aldigitoreachbin(1,

0.1,0.001 etc).Eachbinw asoverlappedw ithDHS regionsusingbedtoolsv2.19.0,andenrichm entfor

eachbinw ascalculatedforeachcelltypeascom paredtop=1.ForGW AS CatalogueS N P s,S N P sw ere

selectedfortraitsw ith> 30 reportedassociatedS N P s.ForidenticalS N P sforthesam etrait,theS N P

w iththelow estp-valuew aschosen.S N P sw erethenoverlappedw ithDHS regionsusingbedtools

v2.19.0,andratioofoverlappingS N P sw ascalculated.T ofilteroutnon-inform ativecell-types,only

cell-typesw iththehighestquartileofoverlapratiosw asincluded.Forim m unecellhierarchical

clusteringthem anhattandistanceofsquareroottransform edratiosw ereused.ForP CA,log10

transform edratiosw ereused.

Enrichm entofS N P sfallinginFAN T O M enhancers:

FAN T O M cellspecificenhancersw eredow nloadedfrom ‘http://enhancer.binf.ku.dk/’ andw eresetto

afixedw idthof150bpfrom centerofregionforallcelltypes.T heratiobetw eenoverlapsofallS N P s

(p<= 1)andS N P satp<= 1e-5 w ascalculated,andap-valueforthisratiocalculated usingabinom ial

testw iththegenom icoverlapfrequency asnullfrequency,calculatedasthenum beroftotal

enhancerspercelltypetim esenhancerlength(150bp),dividedby thetotalnum berofbasepairs

show ntobeboundby transcriptionfactorsinthehum angenom eacrosscelltypesintheEN CO DE

project(231m b)9.FDR valuesw erecalculated adjustingp-valuesw iththeBenjam ini-Hochberg

m ethod.
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Data‐driven Enrichm ent‐P rioritized Integration for Com plex T raits (DEP ICT ):  

Fordetailsofthism ethodpleaserefertoP ersetal.11 .DEP ICT facilitatesgenesetenrichm entanalysis

by testingw hethergenesinassociatedregionsenrichforreconstitutedversionsofknow npathw ays,

genesets,asw ellasproteincom plexes.T hegene-setenrichm entanalysesinDEP ICT containsthree

steps:firstascoringstep;second abiascorrectingsteptakingintoaccountgenedensity thatpossibly

couldinflateresultsduetogenelengthandfinally estim atingexperim ent-w ideFDR ’s.

Gene set reconstitution is accom plished by identifying genes that are co‐expressed w ith genes in a 

given gene set based on a panel of 77,840 gene expression m icroarrays; genes that co‐express w ith 

genesfrom agivengenesetarelikely tobepartofthatgeneset.12 InDEP ICT ,severaltypesofgene

sets w ere reconstituted: 5,984 protein com plexes that w ere derived from  169,810 high‐confidence 

experim entally‐derived protein‐protein interactions13;2,473 phenotypicgenesetsderivedfrom

211,882 gene‐phenotype pairs from  the M ouse Genetics Initiative14;737R eactom edatabase

pathw ays15;184 KEGG databasepathw ays16;and 5,083 GeneO ntology databaseterm s17.Inaddition,

theDEP ICT alsofacilitatestissueandcelltypeenrichm entanalysis,by testingw hethergenesin

associatedregionsarehighly expressedinany of209 M edicalS ubjectHeadingannotationsof37,427

m icroarraysfrom theAffym etrix U 133 P lus2.0 Array platform .W eusedDEP ICT totestenrichm entin

atotalof14,461 reconstitutedgenesetsand enrichm entof209 tissueandcelltypeannotations.

Fortheallergy m eta-analysis,andCrohnsdisease,DEP ICT w asperform ed onalllociP <10e-5.ForP CA

GW AS cataloguedata,DEP ICT w asperform edonalltraitsw ithm orethan30 reportedassociated

S N P s.ForidenticalS N P sforthesam etrait,theS N P w iththelow estp-valuew aschosen.

P athw ay analysisandvisualizationforallergy andCrohn’sdisease:

T oaccountfordifferenceinGW AS study sizes,alinearm odelw asfittedbetw eenloggedp-valuesof

DEP ICT resultsforallergy andChron’sdisease,andtheestim atorw asusedtoadjustthep-value

thresholdsforthelargeststudy,Crohn’sdisease.T heinflationestim ateforCrohn’sdiseasew as1.21.

S haredpathw aysw eresetatpallergyandpcrohns_adjusted < 0.001,allergy specificpathw aysw eresetat

pallergy< 0.001 andpcrohns_adjusted > 0.05 andCrohn’sdiseasespecificpathw aysw eresetatpallergy> 0.05

andpcrohns_adjusted < 0.001.
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DHS genom iclocation:

Genom icregionsfor186 celltypes,ofw hich14 celltypes(CD14_P rim ary_Cells,

CD19_P rim ary_Cells_P eripheral_U W ,CD20,CD3_P rim ary_Cells_Cord_BI,

CD3_P rim ary_Cells_P eripheral_U W ,CD34M obilized,CD56_P rim ary_Cells,T h0,T h1,T h17,T h2,T reg,

GM 12864,andFetal_T hym us)w ereannotatedasim m unecells,w eredow nloadedfrom the

R O ADM AP andEN CO DEtracks(June2014)intheU CS C Genom eBrow serandprocessedby bedtools,

ensuringnoredundancy betw eenexons,introns,prom oters(definedas5000 basesupstream and 200

basesdow nstream oftranscriptionstartsites),andintergenicsites.DHS sitesw ereoverlappedw ith

genom icregions,requiring1bpofoverlap.Enrichm entofm arkersinDHS regionsw ascalculatedfor

GW AS catalogtraitsw ith30 orm orereportedvariants,andw asnorm alizedby traitS N P countand

celltypespecificDN Asesequencelenghts.

T heunevendistributionofcelltypesw ithintheR oadm apEN CO DEdatasetcouldpossibly contribute

totheseparationofim m une-m ediateddiseasesfrom otherdiseases.How ever,repeatediterative

rem ovalof¼ofcelltypescontinuously producedastatisticalsignificantseparationofautoim m une

diseases,allergy and asthm avs.othertraits(resultsnotshow n),hencesupportingthefindingof

com m onS N P sandcelltypestocongregateinallergy andautoim m unediseases.Inaddition,

hierarchicalclusteringw asperform edonthefullEN CO DER oadm apsettoinvestigateifthisclustering

w asfacilitatedby sim ilarDHS -profilesindifferentim m unecells,basically representingasingle

“ im m une-system -footprint” ,butthisw asnotthecase,asdifferentim m unecelltypesalsoseparated

internally,com parabletoothernon-im m unecelltypes(S upplem entary Figure18).

A furtherclusteranalysisofthecell-typespecificgenom icDHS locationinallcells(intronic,exonic,

intergenic,prom otor)w asperform edrevealingthattheDHS sitesinim m unecellstendtofallw ithin

prom otorand exonicregions(S upplem entary Figure19).
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T ranscriptionfactorbindingsites:

T ranscriptionfactorbindingsitesfor161 transcriptionsitesw eredow nloadedinBED form atfrom

EN CO DEforthehg19 build,andw ereintersectedw ith28independentsharedloci,expandedto

included m arkersw ithr2>= 0.5 inthe1000gCEU panel,usingBedT ools.Enrichm entand one-sided p-

valuesw erecalculatedinrelationtoanem piricalnulldistributionoflocioverlapforeachT F,

generatedby 10,000 random perm utationsofrandom genom iclociw iththesam elength

characteristicsasthe28L D-expandedsharedloci.R andom locusL D-structurew asassum edtohave

noeffectonT F-bindingprobability asafunctionoflocuslength.
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S upplem entary Figure1
Flow chartoftheselectedknow nautoim m unediseaseassociatedS N P s/lociforlookupintheallergy
GW AS identifiedw ithintheGW A’scatalog(accessed 25thofN ovem ber2013).P leasealsosee
m ethodssectionhereinthesupplem ent.A detaileddescriptionforeachstepintheflow chart:
1)T heGW A’scatalog5 w ereaccessed25thofN ovem ber2013.
2)Allautoim m unediseasesandassociationstoS N P sw ereselectedw ithp<5*10^-8.T hechosentraits
w erecollapsedinto16 overallautoim m unediseasecategories(seesupplem entaltable1)
3)W ecollapsedcloseS N P sintoloci(+/-250kb)6 andusedforeachlocusonly theS N P w ithlow est
reportedP asindex S N P and asrepresentativeforthespecificlocus.
4)ForseveraloftheS N P sw ehadtouseaproxy S N P astheindex S N P w erenotpresentw ithinthe
allergy GW AS .P roxy S N P sw erechosenonhighestr2 toindex S N P andiftw oorm oreproxieshadthe
sam er2 theS N P closestinphysicaldistancetotheindex S N P w erechosen.Intotal290 S N P sw ere
availableforlookup/extractionw ithintheallergy GW AS .

GW AsCatalog
(25th ofN ovem ber2013)

15100 phenotype-variantassocia ons:
946 traits,1757P apers

S elec ngphenotypesofinterest
collapsedin16 overallphenotypes

w ithp<5*10^-8

870 phenotype-S N P associa ons:
648uniqueS N P s,108P apers

Collapsedintoloci
usingasindexm ost

signifcantreported S N P

296 loci

Extrac ngS N P s
from sensi za ongw as

290 S N P s(33 proxies,r2>0.5)
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S upplem entary Figure2
Q Q plotoftheofthem eta-analysed2,284,215 S N P sandassociationto1)S ensitization2

2)S elf-reported allergy3 3)T hesetw odata-setsm eta-analysedand 4)W ithoutreportedknow nloci
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S upplem entary Figure3
M anhattanplotoftheofthem eta-analysed2,284,215 S N P sand associationtoallergy.R eddots
indicatenovellocinotdescribedinthediscovery papers(grey)2,3,w ithp<5*10e-6.Dashedline:10e-6.
S olidline:5e-8.
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S upplem entary Figure4
L ocusZoom plotsofthesuggestivenovellocifrom theallergy m eta-analyses
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S upplem entary Figure5

Q Q plotsoftheautoim m unediseaseassociatedlociw ithinthecom binedallergy m eta-analysisasw ell
asallergicsensitizationandself-reported allergy separately.T henum bersinthefiguresshow
enrichm entO ddsR atioandP -valueforenrichm ent.
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S upplem entary Figure6
S eparateQ Q plotsoftheautoim m unediseaseassociatedlociw ithintheallergy m eta-analysisw ith
printedcalculatedenrichm entO ddsR atioand P -valueforenrichm ent.O nly plottedforautoim m une
diseasesw ithatleast10 lociassociated.S olidlinereflectstheP -valuedistributionunderthenull
w hilethedashedisthedistributionofallS N P sfrom theallergy m eta-analysis.
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P soriasis:
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A rthirits:
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CeliacDisease:
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P rim ary Biliary Cirrhosis:
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U lcerativecolitis:
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Crohn’sDisease:
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GravesDisease:
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Inflam m atory Bow elDisease:
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S ystem icL upusErythem atosus:
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M ultipleS clerosis:
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T ype-1 Diabetes:
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S upplem entary Figure7
Q Q plotof57M igrainelociextractedfrom theallergy m eta-analysisresults.

M igraine:
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S upplem entary Figure8
Q Q plotof77lociassociatedw iththecom bined phenotypeofschizophreniaandbipolardisorder
extractedfrom theallergy m eta-analysisresults.

Bipolardisorderandschizophrenia:
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S upplem entary Figure9
P rincipalcom ponentplotofGW AS CatalogueS N P s’ perturbationofgenenetw orks,basedonthe
DEP ICT tool,P C1 vsP C3

(P L EAS ES EES EP AR AT EFIL E)
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S upplem entary Figure10
P rincipalcom ponentplotofGW AS CatalogueS N P s’ perturbationofgenenetw orks,basedonthe
DEP ICT tool,P C1 vsP C2,alltraitnam es.

(P L EAS ES EES EP AR AT EFIL E)
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S upplem entary Figure11
Allergy relatedlociandtheirresem blancetoautoim m unediseaseandothertypesofdiseaseloci
w ereassessedby principalcom ponentanalysisby analyzingthetendency ofeachtrait-locustofallin
DHS sitesinspecificcelllines.T hisplotshow sP C1 vs.P C2 andhastheoutlier“ lipid m etabolism
phenotypes” om itted,andonly nam esforautoim m unediseases,asthm aand allergy areprinted.T he
bluearearepresentsthesharedm inim alellipsoidareaofim m une-m ediateddiseases.

(P L EAS ES EES EP AR AT EFIL E)
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S upplem entary Figure12
Allergy relatedlociandtheirresem blancetoautoim m unediseaseandothertypesofdiseaseloci
w ereassessedby principalcom ponentanalysisby analyzingthetendency ofeachtrait-locustofallin
DHS sitesinspecificcelllines.T hisplotshow sP C1 vs.P C2 forthefulldataset.

(P L EAS ES EES EP AR AT EFIL E)
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S upplem entary Figure13
Allergy relatedlociandtheirresem blancetoautoim m unediseaseandothertypesofdiseaseloci
w ereassessedby principalcom ponentanalysisby analyzingthetendency ofeachtrait-locustofallin
DHS sitesinspecificcelllines.T hisplotshow sP C1 vs.P C2 overlayedw ithcell-and tissuetypeloadings.

(P L EAS ES EES EP AR AT EFIL E)
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S upplem entary Figure14
HierarchicalclusteringofallN HR GIGW AS catalogdiseases’ associatedS N P s’ tendency tofallw ithin
DHS sitesforim m unecelltypesw ithintheEncodedataset.

(P L EAS ES EES EP AR AT EFIL E)
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S upplem entary Figure15
Enrichm entofDHS sitesinS N P sassociatedtoallergy andCrohn’sdisease.
X -axisdenom inatesallS N P sassociatedtothegiventraitat– log10(p)<= x,andy givestheenrichm ent
ofDHS sitesforagivencell/tissue-typeforthoseS N P s,ascom paredtoallS N P s(x=0).Im m unecells
areindicatedinblue.

(P L EAS ES EES EP AR AT EFIL E)
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S upplem entary Figure16
Enrichm entofS N P sfallinginFAN T O M enhancers

(P L EAS ES EES EP AR AT EFIL E)
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S upplem entary Figure17
P CA plotofDEP ICT pathw ay perturbationanalysis,show ingnam esforallgenesets.

(P L EAS ES EES EP AR AT EFIL E)
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S upplem entary Figure18
Enrichm entofsharedlociw ithEN CO DEChIP -seqbasedtranscriptionfactorbindingsites.Greenline
indicatesFDR < 0.05.T ranscriptionfactorsinbluehaveFDR < 0.05 and enrichm ent>= 3.

(P L EAS ES EES EP AR AT EFIL E)



49

S upplem entary Figure19
L ocusZoom plotsoftheautoim m unediseaseassociatedlociw ithintheallergy m eta-analysis.
Eachdotrepresentstheassociationbetw eenallergy andtheparticularS N P .T hepurpleS N P isthe
index S N P forw hichtherem ainingS N P sarecoloredw ithrespecttother2 valuetotheindex S N P .T he
positionontheY-axisrepresentstheP -value(lefthandsideY-axis).T hebluelinerepresents
recom binationrates(righhandsideY-axis)
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S upplem entary Figure21
EN CO DER oadm apDHS regionoverlapw ithgenom icfeatures.DHS regionsforeachcelltype(vertical
lines)w ereoverlappedw ithgenom icfeatures(exons,introns,prom oters,andintergenic(rem aining))
(horizontallines).O verlapsw erez-scaled w ithineachfeature,andaheatm apw asgeneratedafter
hierarchicalclustering.Im m unecellsarem arked inredatbottom .
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S upplem entary Figure22
Associationplotforrs11122898w ithaddedenhancerregionsforfourcelltypes,asw ellasenhancer-
togeneregulatory associations,from theFAN T O M 5 datarepository19.
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abnormal lymphocyte cell number

abnormal spleen morphology

abnormal Peyer's patch morphology

decreased immunoglobulin level

increased activated T cell number

abnormal mesenteric lymph node morphology

increased susceptibility to autoimmune diabetes

abnormal spleen red pulp morphologydecreased IgM level

abnormal CD4−positive T cell physiology

decreased interferon−gamma secretion

increased IgA level

decreased megakaryocyte cell number
abnormal lymphopoiesis

decreased spleen germinal center number

increased T cell apoptosisdecreased IgG level

decreased NK T cell number

decreased susceptibility to autoimmune diabetes

abnormal cochlear inner hair cell morphology

abnormal T−helper 2 physiology

abnormal lymphocyte morphology

thymus cortex hypoplasia

decreased interleukin−4 secretion

increased IgG1 level

increased eosinophil cell number

increased leukocyte cell number

increased single−positive T cell number

increased follicular B cell number

abnormal immunoglobulin level

decreased regulatory T cell number

heart inflammation

abnormal spleen B cell follicle morphology

abnormal Peyer's patch follicle morphology

dermatitis

abnormal T cell number

abnormal cytokine secretion

abnormal immune system physiology

abnormal lymph node B cell domain morphology

intestinal inflammation

stomach inflammation

abnormal mammary gland development

abnormal lymphocyte physiology

increased spleen red pulp amount

abnormal CD4−positive T cell morphology

abnormal cytotoxic T cell physiology

decreased T cell proliferation

abnormal interleukin level

lymph node hyperplasia

abnormal T−helper 1 cell differentiation

abnormal Peyer's patch germinal center morphology

decreased double−positive T cell number

intestinal ulcer

decreased leukocyte cell number

increased granulocyte number

decreased thymocyte number

absent spleen germinal center

increased double−positive T cell number

spleen atrophy

mixed cellular infiltration to dermis

increased T cell number

NF−kappaB binding

retinoic acid receptor binding

protein kinase binding

kinase binding

nuclear hormone receptor binding

hormone receptor binding

tumor necrosis factor receptor superfamily binding

tumor necrosis factor receptor binding

REACTOME_TOLL_LIKE_RECEPTOR_10_TLR10_CASCADE

REACTOME_BMAL1CLOCKNPAS2_ACTIVATES_GENE_EXPRESSION

REACTOME_TRAF6_MEDIATED_NF.KB_ACTIVATION

REACTOME_INTERLEUKIN.2_SIGNALING

REACTOME_TOLL_LIKE_RECEPTOR_5_TLR5_CASCADE

REACTOME_MYD88_CASCADE_INITIATED_ON_PLASMA_MEMBRANE

interleukin−4 production

interleukin−10 production

regulation of interleukin−2 biosynthetic process

induction of apoptosis by extracellular signals

regulation of immunoglobulin secretion

T cell differentiation
myeloid dendritic cell activation

leukocyte homeostasis

hemopoietic or lymphoid organ development

cytokine production

regulation of cytokine production

lymphocyte differentiation

myeloid cell differentiation

hemopoiesis

regulation of protein transport

positive regulation of lymphocyte activation

regulation of establishment of protein localization

regulation of lymphocyte activation

negative regulation of lymphocyte apoptotic process

lymphocyte apoptotic process

negative regulation of protein phosphorylation

membrane protein proteolysis

homeostasis of number of cells

leukocyte proliferation

positive regulation of leukocyte proliferation

regulation of leukocyte proliferation

membrane protein ectodomain proteolysis

positive regulation of lymphocyte proliferation

activated T cell proliferation

positive regulation of immune response

B cell activation involved in immune response

CD4−positive, alpha−beta T cell differentiation

immunoglobulin production involved in immunoglobulin mediated immune response

immunoglobulin production

positive regulation of T cell activation

positive regulation of B cell activation

somatic diversification of immunoglobulins involved in immune response

somatic recombination of immunoglobulin genes involved in immune response

somatic diversification of immune receptors

lymphocyte homeostasis

lymphocyte activation involved in immune response

T cell activation involved in immune response

immune effector process

regulation of B cell activation

regulation of T cell activation

tolerance induction

leukocyte activation

regulation of mononuclear cell proliferation

positive regulation of mononuclear cell proliferation

T cell proliferation

regulation of DNA recombination

regulation of T cell proliferation

T cell activation

positive regulation of T cell proliferation

induction of apoptosis

negative regulation of alpha−beta T cell activation

alpha−beta T cell differentiation

alpha−beta T cell activation

lymphocyte activation

lymphocyte proliferation

regulation of lymphocyte mediated immunity

positive regulation of production of molecular mediator of immune response

regulation of leukocyte mediated immunity

T cell differentiation in thymus

regulation of interleukin−2 production

regulation of interleukin−10 production

induction of programmed cell death

regulation of isotype switching

isotype switching

positive regulation of immune system process

positive regulation of leukocyte activation

regulation of leukocyte activation

regulation of immunoglobulin production

somatic diversification of immunoglobulins

somatic recombination of immunoglobulin gene segments

positive regulation of immune effector process

regulation of immune effector process
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