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hav adverse health eff4assinigaanadr ¢éhguiefereeaercrecamdilden@
(Tarl o and Dbeniiheurse,, t2hOel4ri sk management systems are quite ¢
sensitizers; however, none of the afAfotemdetOi2®nely absay20tar

The adverse outcome pathway ( AQ@Pat hfwary ss knians aensd arbd s psihread
devel op alternatri veev ghautated dosa | fMarc Rtage8 et; Swall . i, v 20 L 8tT hael . AOP20 17
comtsaif our key events (KEs): KE1 is covalent binding to ski
of dendritic cells (DCs), and KE4 is actiivataiswma®$§ adr eebhsce
on KiBs 1 her e iisn nads vaayl ibdaasteedd (voann KVEI4i etth edReetsgdi.r, at2d®drly8 and ski
induce different i mmune responses, proadcmitreantrleys pTo nhseelsp enri X2
and Th17 (Adeesmpuognas essAr as . et; RPN Aeptn gaDI0Be a2 B B eGoat et &994al ., 2
Roggen;,Vaa@edriel) ebDi @adr i mi2r0edt0i on betswesn tiesepbr atsoroyml gndac
assessment of cytokine profiles in the mouse | ocal l'ymph 1
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sensitization pKwitenend a¢x aPWdheenspiatatory sensitizers induc
critical for the inductiondofndheécenmuede)zglemipané B8R osubk
sensi(Aderuga ebDealong26d2utlet, et0@OLi.nd LRNVels2 t he di fflerenti at
cells into Th2 <cells and is also dPacurli,tZBcGally 2¢0fli5ed nore, cy he
di fference in molecular mechani sms between respiratory and
chemical induces Th2 i mmune responses, wHidm dr € emd st apr ac
Thus, we postul ated itnhaWi ochess eas taslkslaiys h rheantt rcefc agpn t ul ates th
flow of chemical isrengiwwmzlaadiomg prloeeespesure of DCs to <ch
epiltihuem and mi gr atpircensseafti hpe DE€atit@wen he drai nin‘dgl lIcyermphk nod
Banchereau an) Stoailmdman,sckX¥r998 nate respiratory sensitizers

of 4lin T cells, therienbyaisbseacyomi ng t he ulti mate

To mimic the hemanhaé¢i vengenplag mbao\edil mghmstieon al (3D) DC c
system consisting of upper airway epithelial cell s, i mmat u
(Mi zoguchi )etThails ,sy2s0tle/m successfully discriminates typical
sensitizer s cbryi tniecaaslurnionlge ctuhhee f or Th2 differ rtrivet iaod iFurbe@

2021t o et) alTo, f200Her i mprove the sysitnema cavnbdv amad roen* Torf e cniasi evl e
cells by DCs that are stimulated with chemical sensitizers
l ymph nodes, we hersetprppedPCaADl cehbdcacobwutwosystem by furt
CD4T cells to the DCs stimulated in the DC coculture system
¥4 in T cells representing KE4 was successfully used to di s
the avetlsty, perderhiewvead imomatcyrte DCs were similarly replac

monodaytrée ved proliferMdi(Haguteal dismamadrl ee2PitBPaIDAC ,arR2d 1BC/ T cel |
systems.

2 Materials and Met hods

2.1 Cell culture

The human upper airwal3BepPCRRYddhael cathhall hoehBEREBNng fi brobl
MRG (dClWWlacobs eweak. putehased from the American Type Cul't
Cells were cultur ¢95 9% tai3r7 AnnuBmdgehr eeBs% e@O i a l medi um ( MEM; Gi
USA) containing 10% 10kt alU/ rlo vp enrcegedieniduisnt,¢ BapnBdo miy0o®digre n(, Car | s b
USAHuman peripheral bl oo'dl menddocy tweRkRMicdil g 40 ecaeBIDdm d I8, g3nta.
Loui s, MO, USA) clormt ali/nmiln g eInGe® /i MB S ont, r .@ptdillic@idwvenec ul t ur ed i n
IMEM medium ( Ther mowalhans MA USASccent af hcng 20% FBS, granul ocy
stimul ati n@SH,ac5t0orng(/GM ) , smaecmnudpha@G&Fdabc@ Do /(M. ML penicilli
10Q@/anL st r.BRASE@BnKRGA5nand CD14ML cells were passaged twice a weakd BEAS2B and MRG5

cells were detached from plates with trypsin for the passage. We will consider using alternative materials to replace animal
derived components such as FBS and antibodies that are/may be derived from ascites fluid, whose psoakstiation

with pain and suffering, in the future once the reproducibility and effectiveness of those alternative materials aiddtelg.va

2.2 Reagents

Three chemical skin sensitizers, oxazolode(t hox y m&p h ¢B-¢ kh @ z%d n e; OXA, purity O 909
formaldehydeiJ&%, mPaUFTH&)yni3bndcB| drobenzene (DNCB, purity 97
sensitipathal dil ®OtPdhe hpde i ty, OCarddl %, r iPMde3l7I8i)t i ¢ anhydride (TMA

purchased-Aflrdom cSifsy niaklle x arletbhy kenganate (HDI, purity > 98%,
Tokyo Chemical A mdgnetic begd cdbjogatedwitio.n oc | amdlodwyn ( mMAb) against
di fferentiation 14 (CD14) was purchased from Miltenyi Biote
(HCD14) and CD1l1lc¢c (clone 3.9) were obtained f raom CBA,o LlLUeSgAe nd

respectivel y. Hu-@8hR ,-CrSdc¢-4¢ mbandnt hggMi ¢ str omal Il ymphopoi etin
Bi oLegend. Huma-8 wasombiowamted| £Erom Sionog-#32& Cp&«nil dieldl.i n( O
Streptocoepwesaspyprovided from Chugai Phar maceuti cal Co. , Lt

was purchas@&ddffrorci. Si g ma

2.3 HumahmoODolcdy t ersa iamed" TCDcde | | s

This study was approved by the institutional review board of Tokyo Medical University (Nos. SH3323 andT202Tokyo,

Japan). Written informed consent was obtained from all participants in accordance with the Declaration of Relsils. h

human eprearli pthl ood was coll ected from healthy volunteers, an
Lymphd¢ll tCedar !l ane, Burlington, Canadanhodgheist wegerafluenhece
peripheral bl oeldlymmitveoelued iaao g utoMAGS PAoe | | s with a magheticr bead

conjugated wittmAb agai nst CD1A4T h(eMip ureintyyi wBasotemncadl.yzed by flow cyto
an€bl4 using the FACS Canto Il System (BD Biosciences, San
(Tree Star, Ashland, OR, USA), CBHHAT owealsl sr owerien ed wr infoireed tfhramr
mononuclwsairng eHdmanT N@elvle ICHdl ati on Ki h etdtMACIPMiol tceenlyli sBeipoatreac
The purityChdrT CBP45RAwas routinely more than 98%.
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2.4 Prepar a4-Mlonc eolfl ClDilne s

CDIMLcel | l ines were establishldar wmtcx oe;ti malmut a2 &t 3 BiSieqf 12y0,4 6 |
CDI'#fnonocytes were infecteMY@,itBIl Mikmretldnd ryBrsp hdmma es s(itBiCgtnc we r
cul t ulMEM ime dd utmaicniC6§ GHBO ngCH®E) (BA@dny/ mL) in 20% FBS acco
met Hbadr ut a et mamur a2d3@dt.gr &Wilrbg cel |l s appeared around 3 w
prepare frozen stocks or use for expéayiciléAltisD Mycopl asma R G
Detection Kit (i NDhRON B&Biogbo&Kpgireal)ognwh,en t he cell Il ines were
15 were routinely wused.

2.5 Preparation of i mmature DCs

To prepare i mmat ur‘enol®sc,y t ptselyplh € waltOe CPL 4 aell d t eodGARAS Favi 2 H
(50 ng/ md)(BaddngLmL) in RPMI 1640 medi uMLcoet abeallig/mly T10% FB.
were stimul-@%kd( 0 t AgS/GMVL()5,0 M g#4mlL()L,00amMMEMIL medinum containing
FBS for 3 dyayosf. tThhee rpeusruiltt ant i mmatur e DCB1Ilwasanmnm awayxz erdo watf
approxi mately 90 %.

2.6 Preparation of the DC coculture system

The DC coculture was prepwekld byovedi s@amlgbest ef smbtatheWwdnle?2
purchased from ReprocCell (Gl MsgogucbkK))ethhmd pg eazfiofdallsd y mamisrc
initially washed sequebrutfifeaelrleyd wsiatlh neet,h aamadl ,mepdh cusp leactcedor di ng
A %5 aliquot of 2Bs pambMBeEn IcsfcalBIEASRE G6nt |y oreteadetdhaicercttdr
scaffol dweiln tihneser2 and | eft for 4 h to allow cell attachm
incubated f-oir a3 idjauyst. oA 5s0u s p e iils.i 0o heellglf Owiammagteudri er pr@ sk g(dGe.d5t o t
center of thewslkclhfpbhtei-@dm h@5 Ri4dngH4BIM)1,0 axngd mL) was gently
scaffold and incubated for 24 h. After incubwetlilonirn-seiret i ndi
wel | plate and stabkedll s (hetoompr obOmMmMMREreelDICs (tmopm). eTh
were attached to theedddttiomeaft d Fngwwedl)er iShdbestetjuwad | yl, atc éde
plte, and MEM was gently added and incubated folal agabhenf4
a chemical sensitizer, which was initially dissolved in di
added atosixhel#waopsscaffold and |l eft for 30 min followed b
1640 medium (2 mL) whHenipedi pmeatblr ¢MEDN smdaweiruem usleadneor( 2 mL
CDiMLderived i mmaturesbCsmuwaté omséadr Aftherthe stacked scaff

membr ane was equally cut into 3 or 4 pi+€deneR GEnan RINYAs iwa.s Tl

concentrations of chemicatesandi usedr aswdi ght iatsr ptoescd i ibh ead

hypoxanthine phos(RBT inbRONSAy letxrpa ressfse roans € ervteh twhaast | @fs st hHéd awnn tol
7

(Mi zoguchi )et al., 201

2.7 Preparation of the DC/T cell coculture system

The DC/ T cell c obcyu | fturrteh ewa sa dpdrienpga rpeedr T pdhieelrlagd tad | olge nRC <  taii
DC cocultAfeesy6tem. 12 h, the stcahcekneidc aslc asfefnoslidtsi zsetri munl attheed
di sassembled, and the DC scaffold wasellt aglkatleualTlheage méi@ac emda

CD4T cel | sbcdld . 5 nl RPMI 1640 med{um0cOhmmh) nwegel added to the
incubated bl RRIMIi nIg6 40 0medi um every 2 daystifrmeP GRh a nian ¢isd &t. e

2.8 Reé me-PER

Tot al RNA wassi npgr eapna rReNleasy Mi ni Kit (Qiagen, Hi |l den, Ger ma
pri mer and SuTfhermdcSisher Seientifgl -Rédmé PCR was performed using the
and Ther mal Cycl er Dicge tRe atlh eTinmaen uSfyasctteunt earc6cso ridni sHtPrRulc t i on's
was used as the housekeeping gene to normalize mRNA. The r

t hgggt met hod t o conpPaRMRNtAaregetr egi@mendhused in tRis study

2.9 Statistical anal yses B

Data are presented as the mean N standard deviation (SD).

is shown due t o s pade acnoan sytsreasi mtesr.ew §gaattdisost variarce (ANOVAAs1idng o n e

the DunnetiKbamer mMukeyple compmocisonhamrsthi®e gomp@asi mgi ng

(GraphPad Software .Pnuc0.,083 awdoldansiCher &JS6Agt atistically sig

3 Resul ts

3.1 Establishmendt ep BChDveél It woocul ture system

To mimic the human upper airway epithelium, we recently es

epithelial-2dBel Ipelriimdé eBBRAS bd eroidv end niommatl erag Re@d, and the | un
2017

5, usi hgetdre Hcaffold madnioghtpoedpMakpopl Wit )e@mhiegl. . ,1)
| mmunohi st ochemi eG@d1 lacn arleyvsei aslg endi dtthis aatmitmo ax i on of DCs into ot
during the initial 24 h af tMérz ogtuichu ). tTiheedr .ewfio2ilel @ haefmiecra |6 steon
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Day 0 Peripheral blood-derived Fi g.Eslt abl i shment of a no
CD14* monocyte DC/ T cell coculture syste
Airway epithelial A Lung fibroblast Th DC |
cell line: BEAS-2B cell Tine: MRC-5 ae Pt Sl tbl;’eussiynsgt em
Day 4 [3CFC Lo 1] TRy T I T ! : )
y iatx;i@%'m@ A AWAWC epithelial cel2lB, line |
Day612welllnsert peripheral bl ood mononuc!
l CDl14monodgeéri ved i mmature
DCs, and lung fibrobl ast
e EAN _ S —— MRG whi ch were initially
Day 7 [ RS ‘ S PR in individual scaffolds
\ l”"‘/ assembled on the bottom of
- — wel | by stacking the scaf
2 Add 5 pl of RSt BEAS-2B an aliquot of a chemical
£ sensitizer at 6 2| Immature DC was gently added to the t
§ different places 3] MRC-5 and left for 30 min foll
P ST . addi bfomedi um. After 9 h
8 »Q;J;D SOHIlSensmzerm DMSQ/Medmm stacked scaffolds W
o Sk'n.t. . di sassembled, and total
(o] ;ﬁg";ﬁéﬁriodrg'gﬂ ?%‘;Rzers' extracted from the DC sc
2 & R . . DNCB real me-P®RR anal ysis. For t
3 FET__“?’ - FA DC/ T cell coculture syste
3 = Respiratory 12 h, the only DC scaff
= sensitizers: placed on the bottom of
é Day 8 - OPA we | plate. Then allogenece
G y Ll\gf’\‘ CD4T cells were added to
(=] scaffold and further incu
[Real-Time RT-PCR] indicated timedifmel | owed
CD86, CD80, OX40L, RFPCR analysis.
. TSLPR, IL-7Rq,
Allogeneic naive v IL-17RB, 8T2, HPRT
CD4+Tce||s@§@ _______ | !
P N /
k ¢ DC scaffold
Day 10
Day 13
Day 15 [Real-Time RT-PCR|CD69, IFN-=y, IL-4, c-Fos,
T-bet, GATA-3, IL-2, HPRT
scaffolds were disassembl ed. The DC scafiwvel d phateemanddah
nai veTEC®OUl s were added to the pP&tisctadmmpéidd! Wekcdbwhiebvabedhat
chemical sensitization process; after i mmartagentDiCeg c@s umiec

to the draimniongtliymphTeodhli ye TW4s process is essential to
Banchereau any 9tneiandmaint,i 0In9,98we made another as*Junmptliien th

all ogenei*l mailves wbaul d be well applicd@blcel lilsn the ocaseonfse
and therefore repetitive st i rfRiilcahttieorn ;& tsnanMlcjessbhd da radoo nd et ]
al . ,). 2KHd&e, the response*Tofcealllsogiesn esitcr onnag veendCDdAven after t

can be eadfialkkidcde tasndt;&teerhrhaenr ,a®?d 1Ghatt opadhyay, 1993

3.2 Early mRNA uproebgyul @XA oaandofl atFeN mRNA -4u porye g@R A tiim nt o DQ
coculture system withdpervedtdearemhbDaCtso manady tad | og'dn eied | sai ve CD
First, one set of typical ©XAamdandPAresvaisr atpend y edhdami ¢ dle D
(Fi g. 2KAiyn e tTiianeanal ysi s of tched | mRANA i eCd@p6ridepsnsT dnr ldoeff ftehree nTt i at
| Fand Th2 differ-énwasatpenf omami&dr ALt er stT muelalt s owi tofi w@htl
DCs for 2 days, the mRKH3 wtx prcetwalslonnofe&®é68 dnd to the allo

However, the skin sensitizer OXA butl mMMRNAe £xiprr satstirilyoens@mAs i t
but not OXA d&@gwldetdeRINOA ex pression. Both sensitizers did not
On day 5, OPA but not OXA mRYgAIi éxpreassyomp(EQgal a2€Y. | Dn d
upragudrdahnhd4l mRNA was observed (Fig. 2D). These results su
peri pher adermoweodc yitramat ure DCs *@andehl $oganeidé¢ fhereat COUIl Yy d
upregullatdbgorXAofand | at e mMRNAM ubpyr eQRIA.at i on of | L
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to compare differences between skin and respiratory sensitizers. Da t a
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three
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s h o w3l

|l at e
DCs
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independend. @X%;p 6t DhRixe nOt.5050 1*;
iaB2Ht hree sFpegc.t i vel y.
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NS, not signifi
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3.8el ective mMRNA upr ebgiunldaitnigo nporpof tCEBATTAR t he DC/ T cell cocult
peripheral -dmoneoeyt e mmature DCs andT addlolgsenei c naive CD4
To confirm tth e nl-dotheRINIYp rbeyg udPA, we further analyzed the mRNA
cFoBendfel dt), ebfle(Palab,o 20)1 2&BAT-AiI2r0DiIONng GPATARI)Ehoau 3afd Ouyang, 2
which are critical i mportant foR]iFddaoaddi|ianespethevel yesp

Y
OPA but not OXA significantly uBrewhiabhedetben®wRildidichi e@ps i
(Fig. 3B). No si gni f iFcoasn tdredR NAa U po leggairl vae d oamt otf hics ti me poin
too | ate to detect their upregulation on diaye2mRWNAuspr epuba
of GATAy OPA, further supporting the induction of Th2 i mmur

3.4 Selective mMRNA -4pbegBl atyipomwadf rebpiratory sensitizers
system withmpeoicglkei aled i mmature DCs andT addlolgsenei c naive
To further examine the accur acyYyXAamd a@RA,t itowno tnoo rteh es estest ooff
DNCB and TMA, and FA and HDI Iwteuree aspypsitieend (tFoi gt.h e4 ADC/ TA fcteelrl
nai veTCbél |l s wittlkeaseds DCiszdror 5 days, | F-hhandiBNlhasxpnasyized.
Among three sets of typical sensedulzat sthRME s@X prad D9iyo s emes my
skin sensitizers (Fig. 4B, C, D). Thus, this DC/ Ts clkeyy I coc
the differential -#aRNA upregulation of [IL
A Sensitizer Allogeneic naive

lr CD4* T cells

B
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derived immature DC
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