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ABSTRACT 24 

Background: We have previously demonstrated that beQ]R(a)S\UeQe (BaP) cR-e[SRVXUe ZiWh 25 

deUPaWRShagRideV gURXS 1 aOOeUgeQ (DeU f 1) caQ SRWeQWiaWe DeU f 1-iQdXced aiUZa\ iQfOaPPaWiRQ. 26 

We sought to investigate the molecular mechanisms underlying the potentiation of BaP e[SRVXUe RQ 27 

DeU f 1-iQdXced aiUZa\ iQfOaPPaWiRQ. 28 

Methods: BaP co-exposure with Der f 1-induced acWiYaWiRQ Rf TGFȕ1 VigQaOiQg ZaV aQaO\]ed iQ 29 

aiUZa\ eSiWheOiaO ceOOV (HBECV) aQd iQ aVWhPa PRXVe PRdeO. The role of aryl hydrocarbon receptor 30 

(AhR) and RhoA in BaP co-exposure-induced TGFȕ1 VigQaOiQg was investigated. AhR binding sites 31 

in RhoA were predicted and experimentally confirmed by OXcifeUaVe UeSRUWeU aVVa\V. The UROe Rf 32 

RhRA in BaP co-exposure-induced airway hyper-responsiveness (AHR) and allergic inflammation 33 

was examined. 34 

Results: BaP co-exposure potentiates Der f 1-induced TGFȕ1 signaling acWiYaWiRQ iQ HBECV aQd in 35 

the airways of asthma mouse model. The BaP co-exposure-induced the activation of TGFȕ1 36 

signaling ZaV aWWeQXaWed b\ eiWheU AhR aQWagRQiVW CH223191 RU AhR NQRcNdRZQ iQ HBECV. 37 

FXUWheUPRUe, AhR NQRcNdRZQ Oed WR Whe UedXcWiRQ Rf BaP cR-e[SRVXUe-iQdXced acWiYe RhRA. 38 

IQhibiWiRQ Rf RhRA VigQaOiQg ZiWh faVXdiO, a RhRA/ROCK iQhibiWRU, VXSSUeVVed BaP cR-e[SRVXUe-39 

iQdXced TGFȕ1 signaling acWiYaWiRQ. ThiV ZaV fXUWheU cRQfiUPed iQ HBECV e[SUeVViQg cRQVWiWXWiYeO\ 40 

acWiYe RhRA (RhRA-L63) RU dRPiQaQW QegaWiYe RhRA (RhRA-N19). LXcifeUaVe UeSRUWeU aVVa\V 41 

VhRZed SURPiQeQWO\ iQcUeaVed SURPRWeU acWiYiWieV fRU Whe AhR biQdiQg ViWeV iQ Whe SURPRWeU UegiRQ Rf 42 

RhRA. IQhibiWiRQ Rf RhRA VXSSUeVVed cR-e[SRVXUe-iQdXced AHR, Th2-aVVRciaWed aiUZa\ 43 

iQfOaPPaWiRQ aQd TGFȕ1 VigQaOiQg acWiYaWiRQ iQ aVWhPa. 44 

Conclusions: OXU VWXdieV identified a functional axis of AhR-RhoA that regulates TGFȕ1 VigQaOiQg 45 

acWiYaWiRQ, OeadiQg WR aOOeUgic aiUZa\ iQfOaPPaWiRQ aQd aVWhPa. 46 
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INTRODUCTION 101 

AiU SROOXWiRQ, eVSeciaOO\ e[SRVXUe WR SaUWicXOaWe PaWWeU, iV RQe Rf Whe PaMRU UiVN facWRUV fRU Whe 102 

iQcUeaVed SUeYaOeQce Rf chiOdhRRd aVWhPa ZRUOdZide1. High OeYeOV Rf SaUWicXOaWe PaWWeU [i.e., dieVeO 103 

e[haXVW SaUWicOeV (DEP)] caQ eQhaQce Whe UiVN Rf aWRSic VeQViWi]aWiRQ aQd e[aceUbaWiRQ Rf aVWhPa2-4. 104 

EVSeciaOO\, SUeQaWaO e[SRVXUe WR dieVeO e[haXVW SaUWicXOaWeV (DEP) RU DEP-deUiYed SRO\c\cOic 105 

aURPaWic h\dURcaUbRQV (PAHV) haV beeQ VhRZQ WR be aVVRciaWed ZiWh aWRSic VeQViWi]aWiRQ, eaUO\ 106 

chiOdhRRd Zhee]e, aQd aVWhPa5,6. MRVW iPSRUWaQWO\, DEP cR-e[SRVXUe ZiWh hRXVe dXVW PiWe (HDM) 107 

caQ e[aceUbaWe aOOeUgic VeQViWi]aWiRQ aQd iQdXce Ne\ feaWXUeV Rf aVWhPa7-11. SR faU, PaQ\ 108 

eSidePiRORgicaO aQd cOiQicaO VWXdieV haYe VXggeVWed a VigQificaQW OiQN beWZeeQ e[SRVXUe WR 109 

eQYiURQPeQWaO SROOXWaQWV aQd aOOeUgeQV aQd aOOeUgic aiUZa\ iQfOaPPaWiRQ aQd aVWhPa. HRZeYeU, Whe 110 

caXVaO UeOaWiRQVhiS aQd XQdeUO\iQg PROecXOaU PechaQiVPV aUe SRRUO\ chaUacWeUi]ed.   111 

BeQ]R(a)S\UeQe (BaP) iV RQe Rf Whe OaUge QXPbeU Rf polycyclic aromatic hydrocarbons (PAHs) 112 

that aUe fRUPed dXUiQg Whe iQcRPSOeWe cRPbXVWiRQ Rf RUgaQic PaWWeU12. Mi[WXUeV Rf PAHV iQcOXdiQg 113 

BaP aUe XbiTXiWRXV iQ Whe aiU becaXVe Whe\ aUe generally derived from cigaUeWWeV, baUbecXe gUiOOV, 114 

aXWRPRbiOe e[haXVWV, and industrial combustion12,13. Exposure to BaP alone has been shown to 115 

induce oxidative stress, bronchial epithelium injury, and inflammation14-16. Mechanistically, BaP can 116 

directly activate aU\O h\dURcaUbRQ UeceSWRU (AhR) aQd iQdXce IL-33 e[SUeVViRQ aQd eRViQRShiO 117 

iQfiOWUaWiRQ iQ a PRXVe PRdeO Rf aOOeUgic aiUZa\ iQfOaPPaWiRQ17 aQd eOiciWV TဨheOSeU 2ဨdUiYeQ SUR-118 

iQfOaPPaWRU\ UeVSRQVeV iQ a PRXVe PRdeO Rf aOOeUgic deUPaWiWiV18. AhR as a OigaQd-acWiYaWed 119 

WUaQVcUiSWiRQ facWRU caQ be acWiYaWed b\ VPaOO PROecXOeV iQ YaUiRXV dieWV, PeWabROiWeV, 120 

PicURRUgaQiVPV, aQd SROOXWaQWV19-24 and plays an important role in the regulation of innate and 121 

adaptive immune responses25-27. Of note, we have recently made a novel finding that BaP cR-122 

e[SRVXUe ZiWh deUPaWRShagRideV gURXS 1 aOOeUgeQ (DeU f 1) caQ SRWeQWiaWe DeU f 1-induced airway 123 
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hyper-responsiveness (AHR) and lung inflammation28. Particularly, BaP cR-e[SRVXUe caQ SURPRWe 124 

DeU f 1-iQdXced oxidative stress (ROS) and IL-25, IL-33, aQd TSLP UeOeaVe fURP aiUZa\ eSiWheOiaO 125 

ceOOV. FXUWheUPRUe, BaP exposure activated AhR can promote Der f 1-induced oxidative stress and 126 

epithelial cytokine release that contribute to the enhanced allergic airway inflammation. However, 127 

the relationship between BaP activated AhR and airway inflammation is still poorly understood. 128 

TUaQVfRUPiQg gURZWh facWRU ȕ1 (TGFȕ1) iV a SOeiRWURSic UegXOaWRU Rf iPPXQe UeVSRQVeV aQd 129 

SOa\V aQ iPSRUWaQW UROe iQ ceOO gURZWh, diffeUeQWiaWiRQ, PigUaWiRQ, aQd acWiYaWiRQ deSeQdiQg RQ 130 

eQYiURQPeQWaO WUiggeU, ceOO W\Se, aQd PicUReQYiURQPeQW29-34. AiUZa\ eSiWheOiaO ceOOV aUe a PaMRU 131 

VRXUce Rf SXOPRQaU\ TGFȕ1 aQd acWiYaWiRQ Rf TGFȕ1 VigQaOiQg iV eVVeQWiaO iQ aOOeUgeQ-iQdXced 132 

e[aceUbaWiRQ Rf AHR aQd aiUZa\ iQfOaPPaWiRQ iQ aVWhPa33,35. ThXV, iW iV cUiWicaO WR deWeUPiQe Whe 133 

PROecXOaU PechaQiVPV UegaUdiQg Whe UegXOaWiRQ Rf TGFȕ1 VigQaOiQg, which may provide novel 134 

insights into the mechanisms that Oead WR aOOeUgic aiUZa\ iQfOaPPaWiRQ. The UaV hRPRORg faPiO\ 135 

PePbeU A (RhRA) Rf Whe RhR faPiO\ GTPaVeV has been considered to be one of the most promising 136 

and novel therapeutic targets for asthma36. SWXdieV iQcOXdiQg RXUV haYe VXggeVWed a positive loop 137 

between RhoA/Rho-kinase signaling and TGFȕ1 that dUiYeV aiUZa\ cRQVWUicWiRQ, aiUZa\ h\SeU-138 

UeVSRQViYeQeVV, aQd aiUZa\ UePRdeOiQg iQ aVWhPa37-40, raising the possibility that RhoA/Rho-kinase 139 

signaling may be one of the central pathways in regulating allergen-induced TGFȕ1 acWiYaWiRQ.  140 

IQ Whe cXUUeQW VWXd\, Ze dePRQVWUaWe WhaW BaP co-exposure exacerbates Der f 1 induced TGFȕ1 141 

signaling acWiYaWiRQ iQ aiUZa\ eSiWheOiaO ceOOV aQd airways of asthma mouse model. Furthermore, the 142 

activation of AhR by BaP co-exposure plays a critical role in Der f 1-induced activation of TGFȕ1 143 

signaling. Importantly, we made novel findings that BaP activated AhR can bind RhoA and regulate 144 

RhoA/Rho-kinase activation, and iQhibiWiRQ Rf RhRA VigQificaQWO\ VXSSUeVVeV cR-e[SRVXUe-iQdXced 145 

AHR, Th2-aVVRciaWed aiUZa\ iQfOaPPaWiRQ, aQd TGFȕ1 VigQaOiQg iQ a PRXVe PRdeO Rf aVWhPa. 146 
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MATERIALS AND METHODS 147 

Animals  148 

The experimental protocols in this study were reviewed and approved by the Animal Care and Use 149 

Committee in iQ PeNiQg UQiYeUViW\ SheQ]heQ GUadXaWe SchRRO, aQd ZaV iQ accRUdaQce ZiWh Whe 150 

gXideOiQeV aQd UegXOaWiRQV Rf Whe iQVWiWXWiRQ. Both male and female C57BL/6 mice aged 6-8 weeks 151 

were purchased from experimental animal center of Guangdong province. Animals were maintained 152 

under specific pathogen-free conditions at the animal facility of Shenzhen University.  153 

Bap co-exposure with Der f 1-induced mouse model of asthma 154 

Generation of asthma mouse model was established as previously described28. Briefly, both male and 155 

female mice were sensitized and challenged every other week for 6 weeks with intranasal 156 

administrations of 25 µg Der f 1 (Indoor biotechnologies) under isoflurane anesthesia. BaP (Sigma-157 

Aldrich) was dissolved in borate saline buffer (BBS, Sigma-Aldrich), and intranasally administered 158 

at a concentration of 20�M once every week during Der f 1 sensitization and challenge. In some 159 

cases, mice were pre-treated with FaVXdiO RU Y-27632 aW a dRVe Rf 30 Pg/PL b\ iQWUaSeUiWRQeaO 160 

adPiQiVWUaWiRQ 1 h SUiRU WR eYeU\ ViQgOe BaP WUeaWPeQW. Ageဨ aQd geQdeUဨPaWched cRQWURO Pice ZeUe 161 

WUeaWed ZiWh PBS.  162 

Measurement of airway hyper-responsiveness  163 

Airway hyper-responsiveness (AHR) was measured 24 h after the last challenge with whole-body 164 

plethysmography (Buxco Europe Ltd, Winchester, UK) aV SUeYiRXVO\ deVcUibed28. Briefly, mice were 165 

exposed to increasing doses of methacholine (Mch) (Sigma-Aldrich, SW LRXiV, USA) at 6.25, 12.5, 166 

25, 50, and 100 mg/mL or PBS. TeVWV aW WZR diffeUeQW cRQceQWUaWiRQV ZeUe WePSRUaOO\ VeSaUaWed WR 167 

aOORZ Whe UeVSiUaWRU\ iQWeQViW\ WR dURS bacN WR baVeOiQe. The percentage curves for Penh values at 168 

different Mch doses were plotted, starting with PBS stimulation.  169 
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Broncheoalveolar lavage 170 

Mice were sacrificed and broncheoalveolar lavage (BAL) was performed by instillation of 0.8 ml of 171 

PBS through a tracheal cannula. BAL samples were centrifuged at 1500 rpm for 5 min at 4ႏ. 172 

Supernatants were collected and stored at -80ႏ fRU c\WRNiQe aQaO\ViV, and cells were stained for the 173 

analysis of cellular compositions by Wright-Giemsa staining on microscope slides. The total number 174 

of eosinophils, neutrophils, and macrophages was determined by counting 200 leukocytes in 175 

randomly selected areas of the slides under a light microscopy.  176 

Lung pathology 177 

The whole lung was fixed in 4% formalin for 24 h and embedded in paraffin after dehydration in 178 

alcohol. Lung sections (3 µM) were stained with hematoxylin and eosin (H&E) and PAS solution for 179 

histopathological analysis following the protocols as previously described28. 180 

C\WRNLQH GHWHUPLQDWLRQ 181 

IL-4, IL-5, IL-13, IFNȖ, IL-17A, IL-25, IL-33, TSLP, aQd TGFȕ1 in BALFs were measured by 182 

ELISA (Sizhengbo Inc. Beijing, China) accRUdiQg WR Whe PaQXfacWXUeU¶V iQVWUXcWiRQV. 183 

HDM-VSHFLILF IJE, IJG1, DQG IJG2Į GHWHFWLRQ 184 

The OeYeOV Rf DeU f 1-VSecific IgE, IgG1, aQd IgG2Į iQ VeUXP VaPSOeV ZeUe deWeUPiQed b\ a VWaQdaUd 185 

ELISA aV SUeYiRXVO\ deVcUibed28. Briefly, five-fold diluted serum was loaded in HDM-coated 96 186 

ZeOO SOaWe RYeUQighW aW 4ႏ, followed by blocking and then adding biotinyOaWed IgE, IgG1, IgG2Į fRU 187 

2 h, respectively. After washing, the plate was added the VWUeSWaYidiQ-OabeOed hRUVeUadiVh SeUR[idaVe 188 

(HRP; 1:5000 diOXWiRQ) aQd PeaVXUed ZiWh a PicURSOaWe UeadeU aW 450 QP aQd cRUUecWed b\ 540 QP. 189 

IPPXQRIOXRUHVFHQFH VWDLQLQJ  190 

SecWiRQed OXQg WiVVXeV ZeUe fiUVW bORcNed XViQg 5% Z/Y BSA fRU 1 hRXU, fROORZed b\ iQcXbaWiRQ ZiWh 191 
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Whe SUiPaU\ aQWibRdieV agaiQVW SPad3 (EP568Y, AbcaP), ShRVShR-SPad3 (ab52903; AbcaP), TGFȕ1 192 

(Ab179695; AbcaP), RhRA-GTPaVe (26904; NeZ EaVW BiRVcieQceV), AhR (Ab84833; AbcaP) aQd 193 

ESCAM (G8.8; TheUPRFiVheU), UeVSecWiYeO\, RYeUQighW aW 4ႏ. SaPSOe VecWiRQV ZeUe WheQ iQcXbaWed 194 

ZiWh VecRQdaU\ aQWibRdieV cRQMXgaWed ZiWh AOe[a FOXRU d\eV (TheUPRFiVheU) aW URRP WePSeUaWXUe fRU 195 

1 hRXU. IVRW\SeဨPaWched QegaWiYe cRQWURO aQWibRdieV (R&D S\VWePV) ZeUe XVed XQdeU Whe VaPe 196 

cRQdiWiRQV. NXcOei ZeUe cRXQWeUVWaiQed ZiWh 6ဨdiaPidiQRဨ2ဨSheQ\OiQdROe, dih\dURchORUide (DAPI, 197 

SROaUbiR, BeiMiQg, ChiQa). SecWiRQV ZeUe PRXQWed ZiWh Whe PURLRQg GROd AQWiဨfade KiW (MROecXOaU 198 

PURbeV) aQd RbVeUYed ZiWh a NiNRQ EcOiSVe TiဨU PicURVcRSe eTXiSSed ZiWh a DSဨFi2 caPeUa 199 

(NiNRQ). TR deWeUPiQe Whe fOXRUeVceQce VigQaO iQ WiVVXe VecWiRQV, fOXRUeVceQWဨSRViWiYe ceOOV iQ fiYe 200 

diffeUeQW highဨSRZeU fieOdV fURP each VOide ZeUe TXaQWified XViQg IPageJ Y1.50e (NIH) aQd 201 

SUeVeQWed aV PeaQ fOXRUeVceQce iQWeQViW\ SeU VTXaUe PicURPeWeU. TZR WR WhUee VOideV fURP each 202 

VaPSOe ZeUe XVed fRU aQaO\ViV. 203 

:HVWHUQ EORWWLQJ 204 

WeVWeUQ bORWWiQg ZaV SeUfRUPed aV SUeYiRXVO\ deVcUibed28. BUiefO\, cROOecWed ceOOV ZeUe O\Ved iQ RIPA 205 

bXffeU (SigPa-AOdUich) cRQWaiQiQg PURWeaVe aQd PhRVShaWaVe IQhibiWRU CRcNWaiOV (SROaUbiR IQc. 206 

BeiMiQg ChiQa). PURWeiQ cRQceQWUaWiRQ ZaV PeaVXUed XViQg a BCA PURWeiQ AVVa\ NiW (PieUce). 207 

AOiTXRWV Rf 30±50 �g SURWeiQ VaPSOeV ZeUe XVed fRU SDS-PAGE eOecWURShRUeViV aQd WheQ WUaQVfeUUed 208 

WR a SRO\YiQ\OideQe difOXRUide PePbUaQe (IQYiWURgeQ). AfWeU bORcNiQg ZiWh 5% QRQ-faW PiON iQ TBST, 209 

Whe PePbUaQe ZaV iQcXbaWed ZiWh aQWi-RhRA GTPaVe (NeZ EaVW BiRVcieQce, PA), AhR (AbcaP), 210 

ShRVShRU-SPad3 (AbcaP) aQd WRWaO SPad3 (AbcaP) RU aQWi-ȕ-acWiQ aQWibRdieV. DeWaiOed iQfRUPaWiRQ 211 

aUe iQcOXded iQ Whe OQOiQe ReSRViWRU\ (TDEOH S1). BORWV ZeUe YiVXaOi]ed ZiWh aQ HRP-cRQMXgaWed 212 

VecRQdaU\ aQWibRd\ (Si]heQgbR IQc. BeiMiQg, ChiQa) aQd ECL WeVWeUQ bORWWiQg deWecWiRQ V\VWeP (GE 213 

Life ScieQceV). ReOaWiYe SURWeiQ e[SUeVViRQ ZaV deWeUPiQed b\ deQViWRPeWUic aQaO\ViV XViQg IPageJ 214 
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(NIH). 215 

CHOO FXOWXUH DQG WUDQVIHFWLRQ 216 

HXPaQ bURQchiaO eSiWheOiaO ceOOV (16HBECV) ZeUe SXUchaVed fURP HaRge biRORgicaO cRPSaQ\ 217 

(ShaQghai, ChiQa) aQd cXOWXUed iQ DXObeccR'V PRdified EagOe'V PediXP (DMEM), VXSSOePeQWed 218 

ZiWh 10% feWaO bRYiQe VeUXP (FBS) aQd 1% SeQiciOOiQဨVWUeSWRP\ciQ. The ceOOV ZeUe PaiQWaiQed aW 219 

37ÛC iQ a hXPidified aWPRVSheUe aW 5% CO2. 16HBCEV ZeUe WUaQVfecWed ZiWh a SOaVPid e[SUeVViQg a 220 

cRQVWiWXWiYeO\ acWiYe RhRA (RhRA-L63) RU a dRPiQaQW QegaWiYe RhRA (RhRA-N19) RU ePSW\ YecWRU 221 

(EV) aV SUeYiRXVO\ deVcUibed37. The efficieQc\ Rf WUaQVfecWiRQ ZaV deWeUPiQed b\ WeVWeUQ bORWWiQg.  222 

AKR DFWLYLW\ GHWHUPLQDWLRQ 223 

The AhR UeSRUWeU SOaVPidV e[SUeVViQg Whe GFP geQe XQdeU Whe cRQWURO Rf Whe diR[iQ-UeVSRQViYe 224 

eOePeQW (DRE) VeTXeQce (PGL3-6[DRE (WT)-GFP, PGL3-6[DRE (PXW)-GFP) ZeUe geQeUaWed aV 225 

iOOXVWUaWed iQ Fig E, 1. BRWh AhR UeSRUWeU SOaVPidV ZeUe WUaQVfecWed iQWR 16HBECV aQd cXOWXUed fRU 226 

24 h. The 16HBECV cRQWaiQiQg Whe AU\O h\dURcaUbRQ UeceSWRU DRE UeSRUWeU SOaVPid ZeUe VWiPXOaWed 227 

ZiWh diffeUeQW dRVeV Rf BaP (0.01-10 �M) RU DeU f 1 (7.5-60 �g/PL) RU cRPbiQed BaP (1 �M) aQd 228 

DeU f 1 (30 �g/PL) fRU 24 h, aQd WheQ O\Ved. SXSeUQaWaQWV ZeUe haUYeVWed aQd SOaWed iQ a 96-ZeOO 229 

SOaWe fRU Whe TXaQWificaWiRQ Rf GFP ZiWh Whe MXOWi-MRde MicURSOaWe ReadeU (BiRTeN, US). The 230 

UeVXOWV ZeUe QRUPaOi]ed RQ Whe baViV Rf Whe QegaWiYe GFP Rf Whe cRQWURO. 231 

PODVPLG FRQVWUXFWLRQ 232 

The RhRA SURPRWeU cRQVWUXcW ZaV geQeUaWed aV SUeYiRXVO\ deVcUibed41. BUiefO\, fiYe cRQVWUXcWV 233 

cRQWaiQiQg diffeUeQW WUXQcaWed OeQgWhV Rf Whe RKRA SURPRWeU UegXOaWRU\ VeTXeQceV ZeUe geQeUaWed 234 

ZiWh PRXVe geQRPic DNA aQd Whe fRUZaUd aQd UeYeUVe SUiPeUV iQcRUSRUaWiQg MOXI aQd XhRI ViWeV aW 235 

Whe 5ƍ aQd 3ƍ eQdV, UeVSecWiYeO\. BRWh Whe aPSOified DNA SURdXcWV aQd SGL3-BaVic VecWRU (PURPega) 236 

ZeUe digeVWed b\ MOXI aQd XhRI eQ]\PeV, aQd WheQ OiQNed b\ XViQg CORQE[SUeVV II NiW (Va]\Pe). 237 
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The QXiNChaQge� SiWe-DiUecWed MXWageQeViV KiW (SWUaWageQe, La JROOa, CA) ZaV XVed WR geQeUaWe 238 

Whe cRQVWUXcWV fRU ViWe-diUecWed PXWaWiRQ. AOO Rf Whe abRYe cRQVWUXcWV ZeUe YeUified b\ VeTXeQciQg. AOO 239 

SUiPeUV XVed aUe OiVWed iQ SXSSOePeQWaU\ TabOe E2. 240 

LXFLIHUDVH UHSRUWHU DVVD\V 241 

FRU OXcifeUaVe UeSRUWeU aVVa\V Rf SURPRWeU acWiYiW\, 16HBECV ZeUe WUaQVfecWed ZiWh RhRA SURPRWeU 242 

SOaVPidV aQd SGL3-baVic (RibRBiR) XViQg LiSRfecWaPiQe 2000 (TheUPR FiVheU ScieQWi¿c) fRU 24 h, 243 

aQd WheQ WUeaWed ZiWh BaP (1 �M). AfWeU 24 h, WheVe WUaQVfecWed aQd WUeaWed 16HBECV ZeUe O\Ved 244 

XViQg RIPA bXffeU (SROaUbiR BeiMiQg, ChiQa) aQd ceQWUifXged. The VXSeUQaWaQWV ZeUe XVed fRU Whe 245 

PeaVXUePeQW Rf OXcifeUaVe acWiYiW\ iQ a MXOWi-MRde MicURSOaWe ReadeU (BiRTeN, US). The SURPRWeU 246 

acWiYiW\ ZaV SUeVeQWed aV a fROd chaQge iQ UeOaWed WR Whe OXcifeUaVe acWiYiW\ Rf ePSW\ SOaVPid. 247 

SWDWLVWLFDO DQDO\VLV 248 

AOO daWa ZeUe aQaO\]ed ZiWh GUaSh Pad PUiVP YeUViRQ 5.1 VRfWZaUe (GUaShPad SRfWZaUe, La JROOa, 249 

CA) aQd aUe e[SUeVVed aV PeaQ � SEM. SWaWiVWicaO VigQificaQce fRU QRUPaOO\ diVWUibXWed VaPSOeV ZaV 250 

aVVeVVed XViQg aQ iQdeSeQdeQW WZR-WaiOed SWXdeQW¶V W WeVW RU ZiWh RQe-Za\ ANOVA RQe-Za\ aQaO\ViV 251 

Rf YaUiaQce (ANOVA) fROORZed b\ TXNe\¶V SRVW-hRc WeVW. A S-YaOXe <0.05 ZeUe cRQVideUed 252 

VWaWiVWicaOO\ VigQificaQW fRU aOO aQaO\VeV. AOO e[SeUiPeQWV LQ YLWUR ZeUe SeUfRUPed WZR RU PRUe WiPeV 253 

iQdeSeQdeQWO\ XQdeU ideQWicaO RU ViPiOaU cRQdiWiRQV. 254 
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RESULTS 255 

BaP co-exposure exacerbates Der f 1 induced TGFȕ1 VLJQDOLQJ DFWLYDWLRQ 256 

AiUZa\ eSiWheOiaO ceOOV aUe RQe Rf Whe PaMRU VRXUceV Rf TGFȕ1 aQd acWiYaWiRQ Rf TGFȕ1 VigQaOiQg 257 

SOa\V aQ iPSRUWaQW UROe iQ Whe aOOeUgeQ-iQdXced AHR aQd aiUZa\ iQfOaPPaWiRQ iQ aVWhPa33,35. ThXV, 258 

Ze iQYeVWigaWed ZheWheU BaP alone or co-exposure can induce RU e[aceUbaWe TGFȕ1 SURdXcWiRQ iQ 259 

Whe aiUZa\ eSiWheOiaO ceOOV. AV e[SecWed, BaP exposure significantly induced TGFȕ1 SURdXcWiRQ in 260 

16HBECs in a dose (Figure 1A) and time (Figure 1B)-dependent response. Furthermore, Der f 1 261 

exposure can also induce TGFȕ1 SURdXcWiRQ, Zhich ZaV fXUWheU SRWeQWiaWed b\ BaP cR-e[SRVXUe (20 262 

SPRO) in 16HBECs (Figure 1C). TR cRQfiUP Whe BaP cR-e[SRVXUe-iQdXced TGFȕ1 e[SUeVViRQ iQ 263 

aiUZa\ eSiWheOiaO ceOOV, Ze deWecWed TGFȕ1 iQ Whe aiUZa\ eSiWheOiaO ceOOV Rf aVWhPa PRXVe PRdeO b\ 264 

cR-iPPXQRfOXRUeVceQW VWaiQiQg TGFȕ1 ZiWh eSiWheOiaO ceOO PaUNeU ESCAM. AV e[SecWed, a 265 

VigQificaQW iQcUeaVed e[SUeVViRQ ZaV RbVeUYed fRU TGFȕ1 iQ Whe aiUZa\ eSiWheOiaO ceOOV Rf eiWheU BaP 266 

RU DeU f 1-WUeaWed Pice (Figure 1D, E), which was further enhanced in mice when e[SRVed WR bRWh 267 

BaP aQd DeU f 1. Of QRWe, Whe VaPe SaWWeUQ ZaV RbVeUYed fRU SPad3, dRZQVWUeaP WR TGFȕ1 268 

VigQaOiQg (Figure 1D, F). CROOecWiYeO\, WheVe UeVXOWV VXggeVW WhaW BaP co-exposure can potentiate 269 

Der f 1-induced epithelial TGFȕ1 release and signaling acWiYaWiRQ. 270 

 271 

BaP co-exposure promotes BaP-induced AhR activity 272 

BaP is one of the ligands to AhR17. We have previously shown that BaP can induce expression of 273 

AhR and iWV PaMRU dRZQVWUeaP geQe CYP1A1 iQ 16HBECs28. Here, we extended to examine 274 

whether BaP exposure alone or co-exposure can directly induce acWiYaWiRQ Rf AhR VigQaOiQg b\ 275 

WUaQVfecWiQg aQ AhR-DRE UeSRUWeU SOaVPid (FigXUe 2A). The GFP geQe XQdeU cRQWURO Rf a WaQdeP 276 

UeSeaWV Rf Whe diR[iQ-UeVSRQViYe eOePeQW (DRE) (PGL3-6[DRE (WT)-GFP, PGL3-6[DRE (PXW)-277 
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GFP). The PGL3-6[DRE (WT)-GFP RU PGL3-6[DRE (PXW)-GFP SOaVPid ZaV WUaQVdXced iQ 278 

16HBECs aQd cXOWXUed fRU 24 h, aQd WheQ WUeaWed ZiWh diffeUeQW dRVeV Rf BaP (0.01-10 �M), DeU f 1 279 

(7.5-60 �g/PL). BaP e[SRVXUe iQdXced AhR acWiYaWiRQ aV aVVeVVed b\ OXcifeUaVe acWiYiW\ iQ a dRVe-280 

deSeQdeQW PaQQeU (FigXUe 2B). B\ cRQWUaVW, a dRVe-deSeQdeQW AhR acWiYaWiRQ ZaV QRW QRWed fRU 281 

DeU f 1 e[SRVXUe (FigXUe 2C). Of iQWeUeVW, Whe cXOWXUeV WUeaWed ZiWh bRWh BaP aQd DeU f 1 VhRZed 282 

VigQificaQW iQcUeaVe iQ AhR acWiYaWiRQ iQ UeOaWiYe WR WhRVe WUeaWed ZiWh BaP aORQe (FigXUe 2D), 283 

iQdicaWiQg WhaW BaP co-exposure can enhance BaP-induced AhR activity in the airway epithelial 284 

cells. 285 

 286 

AhR is critical in BaP co-exposure induced TGFȕ1 signaling activation 287 

We fXUWheU iQYeVWigaWed ZheWheU active AhR SOa\V a UROe iQ TGFȕ1 UeOeaVe fURP aiUZa\ eSiWheOiaO 288 

ceOOV. 16HBECV ZeUe SUe-WUeaWed ZiWh AhR aQWagRQiVW CH223191 aQd WheQ e[SRVed WR eiWheU BaP RU 289 

DeU f 1, RU cRPbiQed fRU 24 h, OeYeOV Rf TGFȕ1 iQ VXSeUQaWaQWV ZeUe PeaVXUed. Of note, BaP co-290 

exposure-induced TGFȕ1 SURdXcWiRQ ZaV almost completely blocked in CH223191 pre-treated 291 

16HBECV (FigXUe 3A). To further understand the role of AhR in TGFȕ1 VecUeWiRQ, AhR in 292 

16HBECV ZaV NQRcNed dRZQ b\ ViRNA aQd cRQfiUPed b\ WeVWeUQ bORWWiQg (FigXUe 3B). 293 

CRQViVWeQW ZiWh Whe fiQdiQgV ZiWh AhR aQWagRQiVW CH223191, OeYeOV Rf TGFȕ1 ZeUe UedXced iQ 294 

AhR deficieQW 16HBECV afWeU e[SRVed WR BaP aORQe RU BaP cR-e[SRVXUe ZiWh DeU f 1 (FigXUe 3C). 295 

FXUWheUPRUe, Whe WeVWeUQ bORWWiQg iOOXVWUaWed WhaW BaP aORQe RU cR-e[SRVXUe iQdXced e[SUeVViRQ Rf 296 

ShRVShRU\OaWed SPad3 (S-SMAD3), Zhich ZaV UedXced iQ 16HBECV ZiWh AhR NQRcNdRZQ 297 

(FigXUe 3D, E). TheVe fiQdiQgV iPSO\ WhaW AhR acWiYaWiRQ iV eVVeQWiaO iQ PediaWiQg BaP-iQdXced 298 

aiUZa\ eSiWheOiaO TGFȕ1 release and signaling acWiYaWiRQ. 299 

 300 
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RhoA mediates the regulation of AhR on BaP co-exposure induced TGFȕ1 production 301 

TR e[SORUe Whe XQdeUO\iQg PechaQiVPV aV fRU hRZ AhR acWiYaWiRQ UegXOaWeV TGFȕ1 VecUeWiRQ aQd 302 

signaling activation, we specifically investigated whether RhoA/Rho-kinase signaling plays a role 303 

in BaP co-exposure-induced eSiWheOiaO TGFȕ1 release and signaling acWiYaWiRQ. Previous studies 304 

have suggested a feed fRUZaUd cRQQecWiRQ beWZeeQ RhRA VigQaOiQg aQd TGFȕ137-40, raising the 305 

possibility that RhoA/Rho-kinase signaling may function as a central player in connecting the 306 

upstream BaP-induced AhR activation with downstream TGFȕ1 production. To test whether AhR, 307 

upstream to RhoA, is involved in regulating BaP co-exposure-induced active RhoA, we performed 308 

western blot analysis to deWecW Whe e[SUeVViRQ Rf acWiYe RhRA iQ16HBECV ZiWh RU ZiWhRXW AhR 309 

NQRcNdRZQ. IQcUeaVed e[SUeVViRQ Rf acWiYe RhRA (RhRA-GTP) ZaV deWecWed iQ 16HBECV afWeU 310 

e[SRVed WR eiWheU BaP (1�M) RU DeU f 1 (30�g/PL) aORQe RU iQ cRPbiQaWiRQ (FigXUe 4A, B). Of 311 

QRWe, Whe iQcUeaVed e[SUeVViRQ Rf RhRA-GTP ZaV cOeaUO\ UedXced iQ 16HBECV ZiWh AhR 312 

NQRcNdRZQ, SaUWicXOaUO\ iQ BaP RU cR-e[SRVXUe-WUeaWed 16HBECV, VXggeVWiQg WhaW AhR UegXOaWeV 313 

BaP or co exposure-induced RhoA/Rho-kinase activation iQ 16HBECV. Ne[W, Ze e[aPiQed Whe UROe 314 

Rf acWiYe RhRA iQ BaP cR-e[SRVXUe-iQdXced dRZQVWUeaP TGFȕ1 production by using faVXdiO, a 315 

VeOecWiYe RhRA/ROCK iQhibiWRU42. PUeWUeaWPeQW Rf 16HBECV ZiWh faVXdiO VhRZed a dRVe-316 

deSeQdeQW iQhibiWiRQ iQ BaP-iQdXced TGFȕ1 VecUeWiRQ (FigXUe 4C). The iQhibiWiRQ ZaV RbVeUYed QRW 317 

RQO\ fRU BaP, bXW aOVR fRU DeU f 1 RU BaP cR-e[SRVXUe-iQdXced TGFȕ1 VecUeWiRQ (FigXUe 4D). TR 318 

fXUWheU cRQfiUP Whe UROe Rf acWiYe RhRA iQ UegXOaWiQg TGFȕ1 VecUeWiRQ aQd VigQaOiQg acWiYaWiRQ, Ze 319 

XVed 16HBECV e[SUeVViQg eiWheU a cRQVWiWXWiYeO\ acWiYe RhRA (RhRA-L63) RU dRPiQaQW-QegaWiYe 320 

(RhRA-N19) (FigXUe 4E). CRPSaUed WR 16HBECV, 16HBECV e[SUeVViQg RhRA-L63 VecUeWed higheU 321 

OeYeOV Rf TGFȕ1 iQ UeVSRQVe WR BaP aORQe RU BaP cR-e[SRVXUe ZiWh DeU f 1 (FigXUe 4F). IQ cRQWUaVW, 322 

QR cOeaU chaQge ZaV QRWed fRU TGFȕ1 VecUeWiRQ iQ 16HBECV e[SUeVViQg RhRA-N19 (FigXUe 4G). 323 
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The VaPe SaWWeUQV ZeUe RbVeUYed fRU S-SMAD3 iQ 16HBECV e[SUeVViQg RhRA-L63 RU RhRA-N19 324 

(FigXUe 4H, I). CROOecWiYeO\, WheVe UeVXOWV VXggeVW WhaW RhoA may play an important role in 325 

mediating the regulation of AhR on BaP co-exposure-iQdXced TGFȕ1 SURdXcWiRQ and signaling 326 

activation. 327 

 328 

AKR GLUHFWO\ ELQGV RKRA DQG SDUWLFLSDWHV WKH BDP-LQGXFHG RKRA DFWLYLW\ 329 

TR deWeUPiQe ZheWheU AhR UegXOaWeV RhRA acWiYaWiRQ WhURXgh a diUecW iQWeUacWiRQ ZiWh RhRA, Ze 330 

VeaUched fRU Whe AhR-biQdiQg ViWeV (T/CGCGTG, FigXUe 5A) iQ Whe SURPRWeU UegiRQ Rf RhRA b\ 331 

XViQg LQ VLOLcR aQaO\ViV ZiWh BiBiSeUY RNAh\bUid, a SURgUaP WhaW SUedicWV PXOWiSOe SRWeQWiaO 332 

biQdiQg ViWeV43. EighW SXWaWiYe AhR biQdiQg ViWeV ZeUe SUedicWed WhaW Pa\ affecW WUaQVcUiSWiRQaO 333 

acWiYaWiRQ (FigXUe 5B). TR cRQfiUP Whe VigQificaQce Rf WheVe biQdiQg ViWeV, Ze SeUfRUPed OXcifeUaVe 334 

UeSRUWeU aVVa\V ZiWh OXcifeUaVe UeSRUWeU YecWRU SGL-3 baVic ZiWh YaUiRXV WUXQcaWed fUagPeQWV Rf Whe 335 

RhRA SURPRWeU cRQWaiQiQg AhR biQdiQg ViWeV (FigXUe 5C). A WRWaO Rf fiYe diffeUeQW WUXQcaWed OeQgWhV 336 

Rf Whe RKRA SURPRWeU UegXOaWRU\ VeTXeQceV ZeUe aPSOified aQd Whe PCR SURdXcWV ZeUe cORQed iQWR 337 

Whe SGL3-baVic YecWRU. AOO fUagPeQWV VhRZed a beWWeU UeVSRQVe WR BaP aV cRPSaUed WR WhRVe ZiWh 338 

SGL3-baVic YecWRU. Of WheVe, fUagPeQWV cRQWaiQiQg AhR-biQdiQg ViWe 6-8 aQd ViWe 7-8 VhRZed 339 

SURPiQeQWO\ iQcUeaVed SURPRWeU acWiYiW\. TR cRQfiUP Whe VigQificaQce Rf biQdiQg ViWeV iQ UegXOaWiQg 340 

SURPRWeU acWiYiW\ Rf RhRA, Ze PXWaWed Whe biQdiQg ViWe 6 RU 7 aQd e[aPiQed WheiU effecWV RQ 341 

SURPRWeU acWiYiW\. CRPSaUed WR ZiOd-W\Se, Whe fUagPeQW cRQWaiQiQg PXWaWed biQdiQg ViWe 6 RU ViWe 7 342 

VhRZed VigQificaQWO\ UedXced SURPRWeU acWiYiW\ (FigXUe 5D). FXUWheUPRUe, Ze e[aPiQed Whe cR-343 

ORcaOi]aWiRQ beWZeeQ AhR aQd RhRA iQ Whe OXQg WiVVXeV Rf aVWhPa PRXVe PRdeO (FigXUe 5E) aQd 344 

fRXQd a cOeaU RYeUOaSSiQg beWZeeQ AhR aQd RhRA-GTP iQ Whe aiUZa\V Rf eiWheU BaP RU DeU f 1 345 

aORQe RU cR-e[SRVXUe-WUeaWed Pice, VXSSRUWiQg WhaW WheUe PighW be aQ iQWeUacWiRQ beWZeeQ AhR aQd 346 
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RhRA. CROOecWiYeO\, WheVe fiQdiQgV iQdicaWe WhaW AhR Pa\ UegXOaWe BaP-iQdXced RhRA acWiYiW\ iQ 347 

Whe aiUZa\V Yia diUecWO\ biQdiQg Whe SURPRWeU UegiRQ Rf RhRA.  348 

 349 

IQKLELWLRQ RI RKRA VXSSUHVVHV BDP FR-H[SRVXUH-LQGXFHG AHR DQG DLUZD\ LQIODPPDWLRQ  350 

Given that AhR can regulate RhoA activation, we examined whether RhoA plays a role in BaP co-351 

exposure-induced AHR and airway inflammation by using RhoA inhibitors fasudil and Y-27632 iQ 352 

RXU PRXVe PRdeO Rf aVWhPa aV iOOXVWUaWed iQ FigXUe 6A. BaP cR-e[SRVXUe iQdXced aQ iQcUeaVed 353 

aiUZa\ UeViVWaQce ZheQ cRPSaUed ZiWh eiWheU BaP RU DeU f 1 aORQe. Of QRWe, Whe iQcUeaVed aiUZa\ 354 

UeViVWaQce ZaV VigQificaQWO\ iQhibiWed b\ eiWheU faVXdiO RU Y-27632 WUeaWPeQW (FigXUe 6B). 355 

CRQViVWeQWO\, hiVWRORgicaO aQaO\ViV dePRQVWUaWed WhaW BaP cR-e[SRVXUe iQcUeaVed aiUZa\ 356 

iQfOaPPaWiRQ aV aVVeVVed b\ SeUibURQchiaO iQfOaPPaWiRQ (H&E, XSSeU SaQeO) aQd gRbOeW ceOO 357 

h\SeUSOaVia (PAS, ORZeU SaQeO) (FigXUe 6C). Of iQWeUeVW, Whe iQcUeaVed OXQg iQfOaPPaWiRQ ZaV 358 

VigQificaQWO\ abURgaWed ZheQ WheVe BaP cR-e[SRVXUe chaOOeQged Pice ZeUe SUe-WUeaWed ZiWh eiWheU 359 

faVXdiO RU Y-27632 WUeaWPeQW. The VaPe SaWWeUQ ZaV aOVR RbVeUYed fRU WRWaO ceOO cRXQWV iQ BAL 360 

VaPSOeV, SaUWicXOaUO\ eRViQRShiOV aQd PacURShageV (FigXUe 6D), aQd VeUXP OeYeOV Rf DeU f 1 361 

VSecific IgE, IgG1, aQd IgG2a (FigXUe 6E). The UeVXOWV VXggeVW WhaW iQhibiWiRQ Rf RhRA VXSSUeVVeV 362 

BaS cR-e[SRVXUe-iQdXced AHR aQd aiUZa\ iQfOaPPaWiRQ.  363 

 364 

IQKLELWLRQ RI RKRA VXSSUHVVHV BDP FR-H[SRVXUH-LQGXFHG F\WRNLQH UHOHDVH  365 

We haYe VSecificaOO\ iQYeVWigaWed ZheWheU RhRA SaUWiciSaWeV iQ Whe UegXOaWiRQ Rf c\WRNiQe 366 

SURdXcWiRQ. AV cRPSaUed WR DeU f 1 aORQe, Ze fRXQd WhaW BaP cR-e[SRVXUe eQhaQced Whe SURdXcWiRQ 367 

Rf IL-4, IL-5, IL13, IFNȖ, IL-17, aQd IL-10 iQ BAL VaPSOeV. AV e[SecWed, Whe iQcUeaVe c\WRNiQe 368 

UeOeaVe ZaV UePaUNabO\ iQhibiWed iQ Pice SUe-WUeaWed ZiWh eiWheU faVXdiO RU Y-27632 aV cRPSaUed WR 369 
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YehicOe cRQWURO (FigXUe 7A). FXUWheUPRUe, Ze deWecWed ZheWheU iQhibiWiRQ Rf RhRA caQ affecW BaP 370 

cR-e[SRVXUe iQdXced eSiWheOiaO c\WRNiQe UeOeaVe. We fRXQd higheU OeYeOV Rf IL-25, IL-33, TSLP, aQd 371 

TGFȕ1 iQ BAL VaPSOeV Rf BaP cR-e[SRVXUe-WUeaWed Pice aV cRPSaUed WR WhRVe SUe-WUeaWed ZiWh DeU 372 

f 1. Of QRWe, aOO Rf WheVe iQcUeaVed c\WRNiQeV ZeUe UePaUNabO\ iQhibiWed b\ eiWheU faVXdiO RU Y-27632 373 

(FigXUe 7B), iQdicaWiQg WhaW iQhibiWiRQ Rf RhRA VXSSUeVVeV BaP cR-e[SRVXUe-iQdXced aiUZa\ 374 

eSiWheOiaO-deUiYed c\WRNiQe UeOeaVe. 375 

 376 

IQKLELWLRQ RI RKRA VXSSUHVVHV BDP FR-H[SRVXUH-LQGXFHG TGFȕ1 VLJQDOLQJ LQ D PRXVH PRGHO 377 

RI DVWKPD. 378 

We further confirmed the rROe Rf RhRA iQ TGFȕ expression and signaling activation in the airway 379 

epithelium of asthma mouse model by co-immunostaining with epithelial marker EpCAM. NRWabO\, 380 

BaP cR-e[SRVXUe eQhaQced TGFȕ1 e[SUeVViRQ iQ Whe aiUZa\ eSiWheOiaO ceOOV (FigXUe 7C, D). The 381 

iQcUeaVed e[SUeVViRQ ZaV VigQificaQWO\ UedXced iQ WhRVe WUeaWed ZiWh eiWheU faVXdiO RU Y-27632. 382 

SiPiOaU SaWWeUQ ZaV aOVR RbVeUYed fRU S-SPad3 (FigXUe 7C, E). BaP cR-e[SRVXUe SURPRWed S-383 

SPad3 e[SUeVViRQ, Zhich ZaV iQhibiWed b\ eiWheU faVXdiO RU Y-27632 WUeaWPeQW. TRgeWheU, Whe daWa 384 

SURYide a PechaQiVWic e[SOaQaWiRQ fRU Whe UROe Rf AhR-UegXOaWed RhRA acWiYaWiRQ iQ eSiWheOiaO ceOO 385 

TGFȕ1 UeOeaVe, VigQaOiQg acWiYaWiRQ, aQd VXbVeTXeQWO\ Th2 ±aVVRciaWed aOOeUgic aiUZa\ 386 

iQfOaPPaWiRQ.   387 

 388 

 389 

 390 

 391 

 392 
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DISCUSSION 393 

IW iV eYideQW WhaW eQYiURQPeQWaO SROOXWaQWV caQ biQd diffeUeQW aOOeUgeQV aQd faciOiWaWe WheP 394 

WUaQVSRUWiQg iQWR deeS aiUZa\V44,45. DEP e[SRVXUe haV beeQ VhRZQ WR iQcUeaVe aOOeUgeQ 395 

cRQceQWUaWiRQ aQd WheiU SRWeQWiaO fRU dUiYiQg aVWhPa aWWacNV7-11. PaUWicXOaUO\, eSidePiRORgicaO VWXdieV 396 

haYe VXggeVWed WhaW aOOeUgic chiOdUeQ ZiWh eaUO\-Oife e[SRVXUe WR high OeYeOV Rf DEPV VhRZed a 397 

higheU SUeYaOeQce Rf aVWhPa cRPSaUed ZiWh WhRVe QRQ-aOOeUgic chiOdUeQ46. TheVe fiQdiQgV ZeUe 398 

VXSSRUWed b\ VWXdieV fURP aVWhPa PRXVe PRdeOV WhaW DEP cR-e[SRVXUe caQ e[aceUbaWe HDM-399 

iQdXced IgE, iQfOaPPaWRU\ ceOOV, aQd Th2/Th17 c\WRNiQeV46,47. HRZeYeU, Whe XQdeUO\iQg 400 

PechaQiVPV aV fRU hRZ DEP e[SRVXUe eQhaQceV aOOeUgeQ-iQdXced aiUZa\ iQfOaPPaWiRQ UePaiQ 401 

OaUgeO\ XQNQRZQ. AiUZa\ eSiWheOiXP OiQiQg Whe XSSeU aQd ORZeU UeVSiUaWRU\ WUacW fRUPV Whe fiUVW OiQe 402 

Rf defeQVe Rf Whe aiUZa\ aQd OXQgV agaiQVW iQhaOed SaWhRgeQV aQd eQYiURQPeQWaO SROOXWaQWV48-50. We 403 

aQd RWheUV haYe SUeYiRXVO\ dePRQVWUaWed WhaW eQYiURQPeQWaO SROOXWaQWV caQ SURPRWe aOOeUgeQ-404 

iQdXced release of ROS and epithelial-derived cytokines (e.g., IL-25, IL-33, aQd TSLP) WhaW caQ 405 

eQhaQce DC PaWXUaWiRQ aQd W\Se 2 iQQaWe O\PShRid ceOOV (ILC2) aQd Th2 UeVSRQVeV28,51,52. 406 

FXUWheUPRUe, AhR, aV a diR[iQ UeceSWRU aQd eQYiURQPeQWaO VeQVRU, haV beeQ VXggeVWed WR PediaWe 407 

DEP cRPSRQeQW-iQdXced oxidative stress, epithelial cytokine release, Th17 immune responses, and 408 

allergic airway inflammation28,47. IQ Whe cXUUeQW VWXd\, we made a novel finding that BaP cR-409 

e[SRVXUe caQ eQhaQce DeU f 1-iQdXced TGFȕ1 release and signaling acWiYaWiRQ that may contribute 410 

to the exacerbation of allergic airway inflammation. Most importantly, we identified a functional 411 

axis of AhR-RhoA that regulates epithelial TGFȕ1 release and signaling acWiYaWiRQ.  412 

 TGFȕ1 UegXOaWeV fXQdaPeQWaO ceOO biRORgicaO fXQcWiRQV, iQcOXdiQg ceOO gURZWh, diffeUeQWiaWiRQ, 413 

PigUaWiRQ, aQd acWiYaWiRQ29-34. TheUe iV iQcUeaViQg eYideQce WR dePRQVWUaWe WhaW TGFȕ1 iV RQe Rf Whe 414 

PaMRU iPPXQe-UegXOaWRU\ c\WRNiQeV fURP aiUZa\ eSiWheOiaO ceOOV WhaW UecUXiWV YaUiRXV iPPXQe ceOOV 415 
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WR Whe aiUZa\V aQd iQWeUacW ZiWh WheP WR UegXOaWe AHR aQd aiUZa\ iQfOaPPaWiRQ iQ aVWhPa33,35. OQ 416 

RQe haQd, TGFȕ1 caQ PRdXOaWe OiQeage diffeUeQWiaWiRQ Rf T ceOOV iQWR diffeUeQW effecWRU T ceOO 417 

VXbVeWV53. OQ Whe RWheU haQd, TGFȕ1 iV a cRfacWRU Rf iQQaWe O\PShRid ceOOV WR iQdXce W\Se-2 aiUZa\ 418 

iQfOaPPaWiRQ aQd Ne\ feaWXUeV Rf aOOeUgic diVeaVeV33,54. ThXV, iW iV SiYRWaO WR deWeUPiQe hRZ the 419 

increased TGFȕ1 production is regulated, which offers novel insights into the mechanisms that Oead 420 

WR aOOeUgic aiUZa\ iQfOaPPaWiRQ. HeUe Ze dePRQVWUaWed WhaW BaP co-exposure could promote Der f 421 

1-induce TGFȕ1 SURdXcWiRQ iQ Whe aiUZa\ eSiWheOiaO ceOOV b\ XViQg hXPaQ SUiPaU\ bURQchiaO 422 

eSiWheOiaO ceOOV aQd PRXVe PRdeOV Rf aVWhPa. FXUWheUPRUe, Whe iQcUeaVed e[SUeVViRQ ZaV aOVR 423 

RbVeUYed fRU S-SPad3, a dRZQVWUeaP PROecXOe Rf caQRQicaO TGFȕ VigQaOiQg, iQdicaWiQg WhaW BaP 424 

co-exposure can potentiate Der f 1-induced epithelial TGFȕ1secretion and signaling pathway 425 

activation. 426 

Ne[W, Ze e[SORUed hRZ AhR UegXOaWeV TGFȕ1 acWiYaWiRQ aQd VigQaOiQg SaWhZa\. AhR as a 427 

OigaQd-acWiYaWed WUaQVcUiSWiRQ facWRU VeQVeV aQd UeVSRQdV WR eQYiURQPeQWaO VWiPXOi and regulates 428 

normal cell development and innate and adaptive immune responses19-27. Our previous studies have 429 

suggested that AhR controls mast cell growth and activation55, cockroach allergen-induced immune 430 

responses in human fibroblast56, and allergic airway inflammation in a mouse model of asthma34. 431 

Furthermore, Ze fRXQd WhaW BaP exposure can activate AhR that subsequently leads to a promotion 432 

of Der f 1-induced oxidative stress and IL-25, IL-33, aQd TSLP UeOeaVe fURP epithelium28. Our 433 

findings were supported by some of other studies that BaP caQ diUecWO\ iQdXce AhR acWiYaWiRQ WhaW 434 

cRQWUibXWeV WR Whe SUR-iQfOaPPaWRU\ UeVSRQVe iQ UeVSiUaWRU\ aOOeUg\ WhURXgh eQhaQciQg IL-33 435 

e[SUeVViRQ aQd eRViQRShiO iQfiOWUaWiRQ17. OXU cXUUeQW VWXd\ fXUWheU cRQfiUPed WhaW BaP caQ diUecWO\ 436 

acWiYaWe AhR iQ 16HBECs aV deWeUPiQed b\ a DRE-GFP UeSRUWeU cRQWaiQiQg Whe GFP geQe XQdeU 437 

cRQWURO Rf a DRE WaQdeP UeSeaWV57. GFP iV RQO\ e[SUeVVed ZheQ AhR OigaQdV biQd WR DRE. 438 
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IQWUigXiQgO\, Ze QRWed WhaW BaP cR-e[SRVXUe VhRZed cOeaUO\ iQcUeaVed acWiYaWiRQ Rf AhR, 439 

VXggeVWiQg a V\QeUgiVWic effecW beWZeeQ BaP aQd DeU f 1. HRZeYeU, Whe XQdeUO\iQg PechaQiVPV aV 440 

fRU hRZ bRWh BaP aQd DeU f 1 iQdXce iQcUeaVed AhR acWiYaWiRQ VWiOO UePaiQ WR be deWeUPiQed. 441 

FXUWheUPRUe, Ze iOOXVWUaWed WhaW AhR acWiYaWed b\ BaP PRdXOaWeV TGFȕ1 UeOeaVe fURP aiUZa\ 442 

eSiWheOiaO ceOOV. IQ SaUWicXOaU, BaP co-exposure enhanced DeU f 1-iQdXced levels of TGFȕ1 in 443 

16HBECV, bXW Zhich ZeUe attenuated by AhR antagonist CH223191 or reduced in 16HBECV with 444 

AhR NQRcNdRZQ. The VaPe UeVXOW ZaV RbVeUYed fRU S-SPad3. CROOecWiYeO\, RXU fiQdiQgV SURYided 445 

eYideQce WhaW acWiYe AhR iV cUiWicaO iQ cRQWUROOiQg Whe acWiYaWiRQ Rf Whe TGFȕ1/Smad3 signaling axis 446 

in aiUZa\ eSiWheOiaO ceOOV.  447 

TR fXUWheU addUeVV Whe UeOaWiYe cRQWUibXWiRQ Rf AhR iQ Whe acWiYaWiRQ Rf Whe TGFȕ1/Smad3 448 

signaling axis, Ze VWXdied iWV XQdeUO\iQg PechaQiVPV b\ fRcXViQg RQ RhoA/Rho-kinase signaling. 449 

RhRA iV a QXcOeRWide-deSeQdeQW SURWeiQ, VZiWchiQg beWZeeQ aQ iQacWiYe fRUP, GDP-bRXQd, aQd aQ 450 

acWiYe fRUP, GTP-bRXQd RhRA, aQd haV beeQ VhRZQ WR UegXOaWe YaUiRXV biRORgicaO fXQcWiRQV, 451 

iQcOXdiQg ceOO diffeUeQWiaWiRQ, diffeUeQWiaWiRQ, UecUXiWPeQW, aQd aSRSWRViV36,58,59. AQ iQcUeaVed 452 

e[SUeVViRQ aQd acWiYaWiRQ Rf RhRA haYe beeQ aVVRciaWed ZiWh aVWhPa60-63. IPSRUWaQWO\, VeYeUaO 453 

VWXdieV iQcOXdiQg RXUV haYe VXggeVWed a feed fRUZaUd ciUcXiW beWZeeQ RhRA VigQaOiQg aQd TGFȕ1 454 

WhaW dUiYeV aiUZa\ cRQVWUicWiRQ, aiUZa\ h\SeU-UeVSRQViYeQeVV, aQd aiUZa\ UePRdeOiQg iQ aVWhPa37-40. 455 

Thus, it is possible that RhoA/Rho-kinase signaling may function as a central player in connecting 456 

the upstream BaP-induced AhR activation with downstream TGFȕ1 production and signaling 457 

activation. This was, indeed, supported by our several observations. First of all, we showed that 458 

BaP co-exposure induced increased activation of RhoA/Rho-kinase signaling when cRPSaUed ZiWh 459 

eiWheU BaP RU DeU f 1 aORQe. Ne[W, Ze SURYided eYideQce WhaW BaP e[SRVXUe iQdXceV activation of 460 

RhoA/Rho-kinase signaling through AhR. EighW SXWaWiYe AhR biQdiQg ViWeV iQ Whe SURPRWeU UegiRQ 461 
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Rf RhRA ZeUe SUedicWed b\ XViQg LQ VLOLcR aQaO\ViV. TheVe AhR biQdiQg ViWeV ZeUe YaOidaWed b\ 462 

OXcifeUaVe UeSRUWeU aVVa\V ZiWh diffeUeQW WUXQcaWed fUagPeQWV Rf Whe RhRA SURPRWeU. AOO fUagPeQWV 463 

VhRZed aQ iQcUeaVed SURPRWeU acWiYiW\ iQ UeVSRQVe WR BaP WUeaWPeQW. The UeOaWiYe UROe Rf AhR 464 

biQdiQg ViWeV iQ BaP-iQdXced SURPRWeU acWiYiW\ ZaV fXUWheU cRQfiUPed b\ XViQg Whe RhRA fUagPeQWV 465 

cRQWaiQiQg Whe PXWaWed biQdiQg ViWeV. AddiWiRQaOO\, Ze fRXQd a cR-ORcROi]aWiRQ beWZeeQ AhR aQd 466 

RhRA-GTP iQ Whe aiUZa\V Rf aVWhPa PRXVe PRdeO, iQdicaWiQg a SRVVibOe iQWeUacWiRQ beWZeeQ AhR 467 

aQd RhRA-GTP. Of iQWeUeVW, Ze dePRQVWUaWed fRU Whe fiUVW WiPe WhaW DeU f 1 aORQe caQ aOVR iQdXce 468 

Whe acWiYaWiRQ Rf RhoA/Rho-kinase signaling. While the reason is unknown, further studies would 469 

be of interest to determine whether Der f 1 either directly activate RhoA or induce RhoA activation 470 

through its possible receptor PAR2, C-type lectin receptors (CLRs) or Toll-like receptors (TLRs). 471 

LaVWO\, Ze SURYided eYideQce WhaW acWiYe RhoA/Rho-kinase signaling is critical in BaP-induced 472 

TGFȕ1 production and signaling activation. RhRA/ROCK iQhibiWRU faVXdiO VigQificaQWO\ iQhibiWed 473 

BaP cR-e[SRVXUe iQdXced TGFȕ1 VecUeWiRQ fURP aiUZa\ eSiWheOiaO ceOOV. ThiV fiQdiQg ZaV fXUWheU 474 

cRQfiUPed iQ 16HBECV e[SUeVViQg a cRQVWiWXWiYeO\ acWiYe RhRA-L63. 16HBECV e[SUeVViQg RhRA-475 

L63 VecUeWed higheU OeYeOV Rf TGFȕ1 iQ UeVSRQVe WR BaP aORQe RU BaP cR-e[SRVXUe ZiWh DeU f 1. 476 

TheVe fiQdiQgV VXggeVW WhaW acWiYe RhoA/Rho-kinase signaling modulates BaP co-exposure-induced 477 

TGFȕ1 production and signaling activation. Together with the previous findings37-40, our studies 478 

suggest that the increased TGFȕ1 signaling activation (e.g, S-SPad3) Pa\, iQ WXUQ, SURPRWe RhRA 479 

acWiYaWiRQ. CROOecWiYeO\, WheVe fiQdiQgV iPSO\ WhaW BaP SURPRWeV RhRA acWiYaWiRQ WhURXgh AhR, 480 

WheUeb\ OeadiQg WR Whe acWiYaWiRQ Rf Whe TGFȕ1/Smad3 signaling axis. IPSRUWaQWO\, RXU fiQdiQgV 481 

SURYided fXUWheU eYideQce WhaW there may be a feed fRUZaUd cRQQecWiRQ beWZeeQ RhRA acWiYaWiRQ 482 

aQd TGFȕ1 VigQaOiQg acWiYaWiRQ (See gUaShic VXPPaU\).  483 

IQ OighW Rf Whe VigQificaQce Rf acWiYe RhoA in the acWiYaWiRQ Rf Whe TGFȕ1/Smad3 signaling 484 
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axis, our further study explored the potential in WheUaSeXWicaOO\ WUaQVOaWiQg WheVe fiQdiQgV iQWR Whe 485 

WUeaWPeQW Rf aOOeUgic aVWhPa. ThXV, Ze specifically investigated the role of RhoA in BaP co-486 

exposure-induced AHR and allergic airway inflammation in asthma by using RhoA inhibitors. 487 

Previous studies have demonstrated that RhoA/Rho-kinase plays an important role in regulating 488 

airway inflammation, which may be through affecting differentiation, recruitment, and activation of 489 

various inflammatory cells (e.g. eosinophils, macrophages, mast cells and T cells) in the 490 

pathogenesis of asthma36,62,64. Of these, RhRA ZaV VhRZed WR cRQWURO Th17 ceOO diffeUeQWiaWiRQ aQd 491 

hRXVe dXVW PiWeဨiQdXced aOOeUgic aiUZa\ iQfOaPPaWiRQ62. OXU fiQdiQgV provided further evidence 492 

that acWiYe RhoA/Rho-kinase signaling iV SiYRWaO iQ BaP cR-e[SRVXUe-iQdXced AHR aQd Th2-493 

aVVRciaWed iQfOaPPaWiRQ by using RhoA inhibitors fasudil and Y-27632. OQe Rf Whe VWUiNiQg 494 

fiQdiQgV iV WhaW iQhibiWiRQ Rf acWiYe RhoA/Rho-kinase signaling suppresses the BaP co-exposure-495 

induced increased acWiYaWiRQ Rf Whe TGFȕ1/SPad3 VigQaOiQg SaWhZa\ by both in vitro and in vivo 496 

studies. TheVe UeVXOWV SURYide a PechaQiVWic e[SOaQaWiRQ fRU Whe UROe Rf RhoA/Rho-kinase signaling 497 

iQ AHR, Th2±aVVRciaWed aOOeUgic aiUZa\ iQfOaPPaWiRQ, aQd acWiYaWiRQ Rf Whe TGFȕ1/Smad3 498 

signaling pathway. 499 

 IQ VXPPaU\, Ze haYe dePRQVWUaWed WhaW BaP co-exposure exacerbates Der f 1 induced 500 

acWiYaWiRQ Rf Whe TGFȕ1/Smad3 signaling axis iQ aiUZa\ eSiWheOiaO ceOOV. MechaQiVWicaOO\, AhR iV 501 

cUiWicaO iQ cRQWUROOiQg Whe BaP cR-e[SRVXUe-iQdXced acWiYaWiRQ Rf Whe TGFȕ1/Smad3 signaling axis. 502 

Furthermore, we provided novel evidence that RhoA/Rho-kinase signaling plays an important role 503 

in connecting the upstream BaP-induced AhR activation with downstream TGFȕ1 production and 504 

signaling activation, and there is a feed fRUZaUd cRQQecWiRQ beWZeeQ RhRA acWiYaWiRQ aQd TGFȕ1 505 

VigQaOiQg acWiYaWiRQ. Our further study revealed that iQhibiWiRQ Rf acWiYe RhoA/Rho-kinase signaling 506 

VigQificaQWO\ VXSSUeVVed BaP cR-e[SRVXUe-iQdXced AHR, Th2-aVVRciaWed aiUZa\ iQfOaPPaWiRQ, aQd 507 
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aiUZa\ eSiWheOiaO c\WRNiQe UeOeaVe iQ a PRXVe PRdeO Rf aVWhPa (FigXUe 8). CROOecWiYeO\, RXU VWXdieV 508 

identified a functional axis of AhR-RhoA that regulates Whe acWiYaWiRQ Rf Whe TGFȕ1/Smad3 509 

signaling, WheUeb\ OeadiQg WR Whe deYeORSPeQW Rf aOOeUgic aiUZa\ iQfOaPPaWiRQ aQd aVWhPa. 510 

BORcNage Rf Whe AhR-RhoA axis represents a promising novel therapeutic approach for treatment of 511 

allergic asthma. 512 

 513 
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FIGURE LEGENDS 731 

FLJXUH 1. BaP co-exposure exacerbates Der f 1 induced TGFȕ1 VigQaOiQg acWiYaWiRQ. A-B, LeYeOV Rf 732 

TGFȕ1 iQ VXSeUQaWaQWV Rf 16HBECs treated with BaP at varying doses (0.001-1µM, A) and 733 

different times (6-24h, B). C, LeYeOV Rf TGFȕ1 iQ VXSeUQaWaQWV Rf 16HBECs treated with BaP 734 

(1µM) and Der f 1 (30µg/mL) alone or in combination. D, Representative immunofluorescence 735 

images of TGFȕ1 (gUeeQ) aQd S-SMAD3 (gUeeQ) expression in the airway epithelial cells (EpCAM, 736 

red) of asthma mouse model. E-F, Quantitative analysis of TGFȕ1 (E) aQd S-SPad3 (F) florescent 737 

signal (n=6 mice/group). (A-C). Data represent mean ± SEM of three independent experiments. 738 

*p<0.05, **p <0.01, and ***p<0.001. 739 

Figure 2. BaP co-exposure promotes Der f 1 induced AhR activity. A, Schematic of experimental 740 

workflow for AhR UeSRUWeU SOaVPid. B-D, Relative AhR activity in BaP (B), Der f 1 (C), and BaP + 741 

Der f 1 (D) treated 16HBECs WhaW ZeUe WUaQVfecWed ZiWh AhR UeSRUWeU SOaVPid. AhR acWiYiW\ ZaV 742 

aVVeVVed b\ GFP TXaQWificaWiRQ aQd e[SUeVVed aV fROd chaQgeV iQ UeOaWiYe WR cRQWURO. Data represent 743 

mean ± SEM of three independent experiments. *p<0.05, **p <0.01, and ***p<0.001. 744 

FLJXUH 3. AhR mediates BaP co-exposure induced TGFȕ1 signaling activation. A, LeYeOV Rf 745 

TGFȕ1 iQ VXSeUQaWaQWV Rf 16HBECs treated with BaP (1µM) and Der f 1 (30µg/mL) alone or in 746 

combination in the presence or absence of CH223191 (10ȝM). B, Western blot analysis of AhR 747 

knockdown in 16HBECs. C, LeYeOV Rf TGFȕ1 iQ VXSeUQaWaQWV Rf 16HBECs with or without AhR 748 

knockdown after exposed to BaP (1µM) and Der f 1 (30µg/mL) alone or in combination. D, 749 

Western blot analysis of p-Smad3 expression in BaP co-exposure treated 16HBECs with or without 750 

AhR knockdown. E, Quantitative analysis of western blots in (D). Data represent mean ± SEM of 751 

at least three independent experiments. *p<0.05, **p <0.01, and ***p<0.001. 752 

Figure 4. RhoA mediates the regulation of AhR on BaP co-e[SRVXUe iQdXced TGFȕ1 SURdXcWiRQ 753 
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and signaling activation. A, Western blot analysis of RhoA expression in BaP (1µM) and Der f 1 754 

(30µg/mL) or combination treated 16HBECs with or without AhR knockdown. B, Quantitative 755 

analysis of Western blots in (A). C, LeYeOV Rf TGFȕ1 iQ VXSeUQaWaQWV Rf BaP-WUeaWed 16HBECs 756 

with or without faVXdiO aW YaU\iQg dRVeV (0.03 WR 0.3�M). D, LeYeOV Rf TGFȕ1 iQ VXSeUQaWaQWV Rf 757 

BaP cR-e[SRVXUe-WUeaWed 16HBECs in the presence or absence of faVXdiO (0.3�M). E, Western blot 758 

analysis of RhoA expression in 16HBECs expressing eiWheU a cRQVWiWXWiYeO\ acWiYe RhRA (RhRA-759 

L63) RU dRPiQaQW-QegaWiYe (RhRA-N19). F-G, LeYeOV Rf TGFȕ1 iQ VXSeUQaWaQWV Rf BaP (1µM), Der 760 

f 1 (30µg/mL), aQd cR-e[SRVXUe-WUeaWed 16HBECs expressing eiWheU RhRA-L63 (F) RU RhRA-N19 761 

(G). H-J, Western blot analysis of p-Smad3 expression in BaP (1µM), Der f 1 (30µg/mL), and co-762 

exposure-treated 16HBECs expressing eiWheU RhRA-L63 (H, I) RU RhRA-N19 (H, J). Data represent 763 

mean ± SEM of at least three independent experiments. *p<0.05, **p <0.01, and ***p<0.001. 764 

FLJXUH 5. AhR diUecWO\ biQdV RhRA aQd SaUWiciSaWeV Whe BaP-iQdXced RhRA acWiYiW\. A, SeTXeQce 765 

Rf AhR biQdiQg ViWe. B, EighW SXWaWiYe AhR biQdiQg ViWeV iQ Whe SURPRWeU UegiRQ Rf RhRA. C, 766 

LXcifeUaVe UeSRUWeU aVVa\V ZiWh OXcifeUaVe UeSRUWeU YecWRU SGL-3 baVic (ePSW\) RU cRQWaiQiQg 767 

VeUiaOO\ WUXQcaWed fUagPeQWV Rf Whe RhRA SURPRWeU (AhR UeSRUWeU) iQ 16HBECs. D, LXcifeUaVe 768 

UeSRUWeU aVVa\V ZiWh OXcifeUaVe UeSRUWeU YecWRU SGL-3 baVic cRQWaiQiQg ZiOd-W\Se RU PXWaWed 769 

WUXQcaWed fUagPeQWV iQ 16HBECs. E, Representative immunofluorescence images of co-localization 770 

of AhR and RhoA in lung tissues of mouse model. Data represent mean ± SEM of at least two 771 

independent experiments. *p<0.05, **p <0.01, and ***p<0.001. 772 

FLJXUH 6. IQhibiWiRQ Rf RhRA VXSSUeVVeV BaP cR-e[SRVXUe-iQdXced AHR aQd Th2-aVVRciaWed aiUZa\ 773 

iQfOaPPaWiRQ. A, PURWRcRO fRU BaP (20 �M) aQd DeU f 1 (25�g) cR-e[SRVXUe iQdXced PRXVe PRdeO 774 

Rf aVWhPa iQ Whe SUeVeQce RU abVeQce Rf FaVXdiO RU Y-27632 (30 Pg/PL, i.S.). B, LXQg UeViVWaQce iQ 775 

UeVSRQVe WR iQcUeaViQg cRQceQWUaWiRQV Rf PeWhachROiQe XViQg Whe fRUced RVciOOaWiRQ WechQiTXe 776 
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(FOe[iVeQW, SCIREQ). C, HiVWRORgicaO e[aPiQaWiRQ Rf PRXVe SaUaffiQ OXQg VecWiRQV VWaiQed ZiWh 777 

hePaWR[\OiQ aQd eRViQ (H&E, XSSeU SaQeO) aQd PeUiRdic acid±Schiff (PAS, ORZeU SaQeO) VWaiQiQg. 778 

D, BURQchRaOYeROaU OaYage (BAL) fOXid WRWaO aQd diffeUeQWiaO (eRViQRShiO, QeXWURShiO, aQd 779 

PacURShage) ceOO cRXQWV. E, SeUXP OeYeOV Rf HDM VSecific IgG1, IgG2a, aQd IgE. Data represent 780 

mean ± SEM (n=6/group). *p<0.05, **p <0.01, and ***p<0.001. 781 

FLJXUH 7. IQhibiWiRQ Rf RhRA VXSSUeVVeV BaP cR-e[SRVXUe-iQdXced c\WRNiQe SURdXcWiRQ. A-B, 782 

LHYHOV RI Th1/Th2/Th17 iQfOaPPaWRU\ c\WRNiQeV (A) aQd aiUZa\ eSiWheOiaO ceOO deUiYed c\WRNiQeV 783 

(B) iQ Whe BAL VaPSOeV Rf Pice WUeaWed ZiWh eiWheU FaVXdiO RU Y-27632. C, Representative 784 

immunofluorescence images of TGFȕ1 (gUeeQ, XSSeU SaQeO) aQd S-SPad3 (GUeeQ, ORZeU SaQeO) 785 

expression in the airway epithelial cells (EpCAM, red) of asthma mouse model. D-E, Quantitative 786 

analysis of TGFȕ1 (D) aQd SSPad3 (E) florescent signal. Data represent mean ± SEM (n=6/group). 787 

*p<0.05, **p <0.01, and ***p<0.001. 788 

Figure 8. Graphic summary. BaP cR-e[SRVXUe e[aceUbaWeV DeU f 1-iQdXced acWiYaWiRQ Rf 789 
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Figure E1

GGTACCGAGCTCTTACGCGTGCTAGCCAGTGGCGTGATCTGCAGTGGCGTGATCTGCAGT
|||||||||||||||||||||||||||||||   | ||||||||||   | |||||||||
GGTACCGAGCTCTTACGCGTGCTAGCCAGTGAGATTATCTGCAGTGAGATTATCTGCAGT

GGCGTGATCTGCAGTGGCGTGATCTGCAGTGGCGTGATCTGCAGTGGCGTGATCTGAGAT
|   | ||||||||||   | ||||||||||   | ||||||||||   | |||||||||
GAGATTATCTGCAGTGAGATTATCTGCAGTGAGATTATCTGCAGTGAGATTATCTGAGAT
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TABLE E1. AQWLERGLHV XVHG IRU ZHVWHUQ EORW DQG LPPXQRIOXRUHVFHQFH 
 

GAPDH, IF, ImmXnRflXRUeVcence; WB, WeVWeUn blRWWing 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AQWLERG\ CORQH SSHFLHV ASSOLFDWLRQ SRXUFH 

ESL-CAM G8.8 RDW IF (1:100) TKHUPRFLVKHU 

RKRA-GTPDVH 26904 MRXVH IF (1:50) 

WB (1:500)  

NHZ EDVW 

BLRVFLHQFH 

AKR AE84833 RDEELW IF (1:50) 

WB (1:1000) 

AEFDP 

S-SPDG3 AE52903 RDEELW IF (1:50) 

WB (1:1000) 

AEFDP 

SPDG3 AE40854 RDEELW WB (1:1000) AEFDP 

TGFȕ1 AE170874 RDEELW IF (1:50) AEFDP 

GAPDH 5174S RDEELW WB (1:2000) CST 

ȕ-DFWLQ 3700 PRXVH WB (1:2000) CST 



 

TABLE E2. PULPHUV XVHG IRU RKRA OXFLIHUDVH UHSRUWHU DVVD\ 
 

PUimeUV SeTXencing 

RKRA-F1 CGAGCTCTTACGCGTGCTAGCJDJWDJFDJDDFFFDJWJWDJ 

RKRA-F2 CGAGCTCTTACGCGTGCTAGCDJDWFDJDFFDFDJFFWWJF 

RKRA-F3 CGAGCTCTTACGCGTGCTAGCFWJJWJDJJJWFFWDDJJJDF 

RKRA-F4 CGAGCTCTTACGCGTGCTAGCFJWWDJWJFJFDFJFJWDDDF 

RKRA-F5 CGAGCTCTTACGCGTGCTAGCWJFWWJFWWDDJJJDWJDJWJ 

RKRA-R1 CTTACTTAGATCGCAGATCTCGAGJDJJJWDJFJFJDJDJDJF 

R4-MXW-F JWJJJJFFWDFWWFJFJDDFDDJDDJDJWWJJFDJWWF 

R4-MXW-R JDDFWJFFDDFWFWWFWWJWWFJFJDDJWDJJFFFFDF 

R5-MXW-F JJWWWWJFWWWWDJJJFDDDJDFJJJFWFFWJDJF 

R5-MXW-R JFWFDJJDJFFFJWFWWWJFFFWDDDDJFDDDDFF 

 


