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(551 HRERE, RESHHPRIERIEX. ERREREEE 5000 LFYER, BF
BUEMMBE EIZZ I (AR) EofdSF.

[ER] HERANRESERTAMEZE P450 (CYP) 1BINSERAREFEAKENTSE
AR AR E

[7575] MERZRAEIBE (GEO) FRIREN IR XHAE X B RIZRIAT /1 #4185 GSE994. GSE17913
# GSE10072, MIGFRE B RRAME DTl (CPTAC) JREXATRE B85 [F B AN & B &RIAE
1B, RIBRIEE O N BEE PR RRITHA, DITRHEZE CYPIBLHRIAER. KA
MRRENRNRBTEE, UETRRDE0%. 20% F1 40% FRAEIT AR EM LT SE EEAM
(BEAS-2B) #7423 ; FJ AhRFEHT7 CH223191 (CH22, 10 umol-L?) FRAMELRRE, RATNLE
£ PCR# Western blotting &30l CYP1B1 A9 mRNA 1B B FRIAK T, AARRNARBA DI A
fsEM S (ROS) KFFIATER, A EduEONSHAMIBAVIEIERE N 1k,

(4552 ] BTFONMUBESER, KB sREEMNMNSIE EE4E. OfE_ERARFE
B HfZA4R 7 cyP1B1 B mRNA FI & B FRIA = T MR R MEF E MM A B (38 P<0.05), 20%
40% & MR /R Z 8 52 4 BEAS-2B 41 8 cYP1B1 FRIA K F B E £ IF (339 P<0.05) » ANRIEHTFH CH22
MRS, FIRRERBZHMNMA CYP1B1 RIASHRE CH2 TN EAMBLL IR E I A (39 P<
0.05) - 20% 1 40% EIHIAE 2 E 40 ROS K FAIAB A T-ZXAE 1A (P<0.05), CH22 TR IESF
FIRRE R EHRAR ROS K FANATZHRAE T (39p,<0.05). [ERT, 20% F 40% FHRAES

BEAMAEIETERE S T (39 P<0.05) , CH22 FIAMBFEERIAE R FELHIL5ERE /] £ (39 P<0.05),

[4518] cyP1Bl1 EMAERHALRF i, EMAZFESHAZTRE LEMABRNRGIERS
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Cigarette smoke-induced human bronchial epithelial cell injury mediated by AhR/CYP1B1
WANG Jin, TAN Lirong, JIA Beibei, CHEN Tao, LI Jianxiang (Department of Toxicology, School of
Public Health, Medical College of Soochow University, Suzhou, Jiangsu 215123, China)

Abstract:

[Background] Studies have shown that smoking is associated with dozens of pathological
conditions. Cigarette smoke contains nearly 5000 chemicals, including carcinogens and aryl
hydrocarbon receptor (AhR) ligands.

[Objective] This study is designed to explore potential mediating mechanism of AhR/CYP1B1 in
cigarette smoke-induced injury of human bronchial epithelial cells.

[Methods] Three smoking-related datasets, viz. GSE994, GSE17913, and GSE10072, were
downloaded from the Gene Expression Omnibus (GEO), and protein expression data of normal
tissues of lung cancer patients were obtained from the Clinical Proteomic Tumor Analysis Consortium
(CPTAC). The samples from the four datasets were categorized by smoking history and compared
for CYP1B1 expressions. Human immortalized lung epithelial (BEAS-2B) cells were exposed to 0%,
20% and 40% (v/v) cigarette smoke in a cell-smoke dynamic exposure system, and pretreated with
10 umol-L* AhR antagonist CH223191 (CH22). The expression levels of CYP1B1 mRNA and protein
were assessed by quantitative PCR and Western blotting; the reactive oxygen species (ROS) level and
apoptosis rate were analyzed by flow cytometry; the proliferative ability was measured by EdU assay.
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[Results] In all four datasets, the expression levels of CYP1B1 mRNA and protein in airway epithelial cell, oral epithelial cell, and lung tissues
of smoking patients were significantly higher than that of never and former smokers (all Ps<0.05). The mRNA and protein expressions of
CYP1B1 in the 20% and 40% cigarette smoke exposure groups were significantly up-regulated (all Ps<0.05), while the expressions in the
cigarette smoke exposure groups pretreated with CH22 were significantly down-regulated than those in the CH22-unpretreated groups (all
Ps<0.05). Similarly, the ROS levels and apoptosis rates in the 20% and 40% cigarette smoke exposure groups were increased (all Ps<0.05),
while the two indicators were decreased after the pretreatment with CH22 (all Ps<0.05). Furthermore, the 20% and 40% cigarette smoke
exposure groups showed significant down-regulation of cell proliferative ability (all Ps<0.05), while the CH22 pretreatment groups showed
increased proliferative ability (all Ps<0.05).

[Conclusion] CYP1B1 is up-regulated in the lung tissues of smoking patients. The cigarette smoke-induced damage in human bronchial

epithelial cells is mediated by the activation of AhR/CYP1B1 signaling pathway.

Keywords: cigarette smoke; aryl hydrocarbon receptor; CYP1B1; reactive oxygen species; apoptosis

AR SHMENREEBREAER, AFHAAR]
HARR R =B, KEAEMMEE (cigarette smoke, CS) 8
BREBIESFAKENZTSE LR (BEAS-2B) &
MEALY, ERREFEHER, [UMNEXKS
% 12 (polycyclic aromatic hydrocarbons, PAHs) F1{&
SFIAER, XLV REEBINIF AL HE S A
BAT®, PAHsSFN2, 3, 7, 8-TUR Z K H p- 1B
(tetrachlorodibenzo-p-dioxin, TCDD) i@ 3d oA #fi |4 4%
REFEE/ZZK (aryl hydrocarbon receptor, AhR) i
ER B, —LER5T3RAA ARR BUBCEREB(EHAA T,
Mm% — LR RATEEBINHIARET **, AnRTERT
BEERR, ERBEEFERREFNZNEEAELE S,
AR SEAEEEE, BEBRE— R T HERE LB
AR IHEE, 4HAE & % P450 (cytochrome P450, CYP) 3K
7% 1 AR 5 A1#0 B1 (CYP1A1 #1 CYP1B1) 2 AhR BIFR
NEBEERERDY, FAREBARIBE, AT ARE
HKFB T LUK CYP1AL F1 CYP1B1 FRIAHIIE HNIE &
REAARR R BUE. FINSIMIAFRREA, CYPIAL FEjS
BRI RANER, RIMARKREAEABTIE
FERIEA ), AR, CYP1B1 RERSEUE LA AR
TEMBERY, HBEETE S, 2R, A ME
MR RIA T, UM SRS TF A TCDD
SMNRMEHECE ARR, TIARERFES P LIS F 1L
FY R KRR KRN RIERY 7 = BEAS-2B 4H
REHEEETERBEEZEF, WERCYPIB1RIATZ
AN AhR $EFT5 CH223191 (CH22) f5 AR TEEIRIRE
%S BEAS-2B AAREIRA R AVIER.

1 MHE5REE
1.1 ##

MERXREER (SXREHESE11mg, BE
JAHH 2 0.8 mg) ; BEAS-2B BN B 3 E B MR E

L ; DMEM S #E1E 7+ & W B 3 [E Gibco A F) ; FBS
B % [E HyClone 2 F] ; AhR $E #171 CH223191 (CH22)
9 B MedChemExpress A E] ; FRERES. BCAIRTIE.
JEMER (ROS) 1A FIE. BeyoClick™ EdU-555 4R A
1B5E ML 7 ZF0 Annexin V-FITC 4088 TN 571
EHEFREECREMPRATE ; FERREHERE
2 [ (reverse transcription-polymerase chain reaction,
RT-PCR) I &E. K EE PCRIAFIEM BIHL Roche
NNE) ; CYP1B1 H1{AY B 3<[E Proteintec 2 E],
1.2 BERREAMEQAFHIBES T

M E [E 3T X 201 & (gene expression omnibus,
GEO) RIFER T/ #IBE GSE994, B 75 MHiA
SELEAREARZE, EPE 834 8 BaikE
B 23BMARMEE 18 BAUMEE ; GSE17913 2R
SURATAMRR, EPEE 392 HFilkEAE 40
BAMNAIRIREORE ERAARREFEARSE , 53— 1K
R Fifi 2 58 3 R & GSE10072 B A F A5, H b
BEFIIEMBEBARFEREFEE, i, IREKREBR
¢H % B iz 3 AT = (Clinical Proteomic Tumor Analysis
Consortium, CPTAC) #XIEE Y 99 B e £ & IE S
FhH R SRR A FERREEN .
1.3 AEARMERBZRE

BEAS-2B 4 i F§ & 5 10%FBS AY DMEM = #E 15 57
EEMEFHF AT (37°C 5%C0,), FA3FL
HOPE-MED8170B BMAMNAMAEZS sh AR FEE (K
B, RE), KA Transwell ZFLER, XF BEAS-2B LHAE#H
17385 (37°C. 5%C0,) , ARIZFKRE S 1x10° 1™ FL 2,
XA BB UEE RSITF R E#HTT Transwell
fE EAp RS, FMBTEIZE N 10mine A THRR
ARRTEEFEIYEA, A AhRIEHF CH22 (10 umol-L™)
FRAbIE BEAS-2B 4HRE 1 h [E B HITR S, KIEAIREA
HIHAARE RS, HiRB T FRAMEEEN T 60%
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#100% 2 (B9 3 N EIRMAE KT, EFRHD 8D 5179
0% (CS0) . 20% (CS20) #140% (CS40) , 1X 2538 1T £ =%
S|IMAZREHIRBELIERFAS RERE, Eif
ARSEENASREREETREE. BN, LEEX
IBARRE AT BT IRA,
1.4 mRNA R4

X A TRIzol (Ambion, EEH) AR ENE AN 12 4H 4

S RNA, F)F#¥ R & S A% cDNA. CYP1B1IE

[ 5]%) : 5-TGAGTGCCGTGTGTTTCGG-3' ; R A 5|4) :
5-GTTGCTGAAGTTGCGGTTGAG-3' % SYBR Green PCR
Master Mix #17SLBS E & RT-PCRI 18, LL GAPDH EA
NZ (IEM35|%) : 5'-ACAACTTTGGTATCGTGGAAGG-3' ;
A5 : 5-GCCATCACGCCACAGTTTC-3') , g 22
BT RIZE D,
1.5 EEFERN

FRPARRR (BrX, PE) RENZHAMR
EH, BCAEHTERTEERMALFEZE AR, #HK
BEEEFEATY, G AHFIT SDS-PAGE N B e
E|pvDF R £, =B 2h 57 4°CHE B CcYP1BLIRIK
(FREEE791:1000) i3 7R, % H K F TBST AR FHi# 1T
TS, BROAERENECLZRIFITEFRR,
1.6 ROSHINIE

FMARrROSKIMXFZ (BaX, FE) X
Jt¥RE DCFH-DA #1TROS M, BE A IBAAMBS
10 umol-L™* DCFH-DA 7£ 37°CHi¥ & 30 min. ZAIG LA
IEAEAAR 3R, UE2REMESMNY DCFH-DA,
wiERE, MBIARNEEME (8= 1X73, Olympus) M
TE ROS 7K,
1.7 ZARE T

B8 Annexin V-FITCAI B A TR MIXF 2 (B =
X, FE) #TARATIRN. WESNFRSHTE) SR
A (2D 1x10°1) , BHIIIN 195 L EE R UK
5L Annexin V-FITCF] 10 uL PI R &R, BEHIES 20 mino
SENAARNAEMN ENEN, MENFERKERED
10000 MARRAYEIE, KA FlowloV 10 # 1T,
1.8 EdU 4Rpag5E+am

RIEIRFN 2R B PEARIEFESIN 10 umol-L*
EdU, 37°Cii¥ & 2h, MEMARRRHBFHITIZES,
REEXRLEEZSME T HITURIER, KA Imagel
1.8.0 #H1TIT
1.9 #itESR

RIOEIERIYE + TREZERT, A SPSS 20.03%

HITR IR ITRRARAEDM, MABLRER
SNK #2538, 10I87KE a=0.05,

2 2
2.1 CYP1B1 FRAKFERIA B E AL+ L
ERASIE £ R AR EIB S GSE94 H, B
AR MA A BE CYP1B1 mRNAYRIZE S T MR R IE
ABE (P<0.001), MEMMEABEFF CYPIBIREER
BeikAABEBE TE (P=0.007), BINEF MK
A EBE (P=0.036) (Bl1A), 1E BT £ FE 40 A 21
¥EEE GSE17913 AR, BRI A ABEA CYP1B1 mRNAHY
REEHEFMNFTIRMEAEE (P<0.001) (Bl1B), £
fifi 8 28 & 3 5 GSE10072 BYIE E ffi4H 45 A, Cyp1B1
mRNA TERERMASE ABFHII TS GSE994 1B, B
HIR AR RN AR A BEAHLRLR AR cyP1B1 FRIXIBF MK
MR A ¥ (P<0.001F0 P=0.004) , 7L /A A BERZH 4
PRRAERTFBERIRMAARE (P<0.001) (B10), Itk
Gh, TECPTACHURER, AT B Rk M= EE IE
BHARMCYPIBIEBRRAKFEESTFMNARMAESE
(P=0.005) , MMM EE EBMARPHNRAEKTES
MERAEEESTRAITFERN, BRTFERREAZ
& (p=0.022) (B1D),

P=0.036

1500 250
c P<0.001 P=0.007 C < 0:0010
2 1000 e §2%
s 8 T 1 8150
g R <%
2 so0 3 . # 100
= o = o
m > m > 50
< f_% 0| === % = E
(7} [J) 0
o o
-500 - . - -50 L L
MARIA BRITRE AR MARRIA B RTRIE
Never Current Reformed Never Current
£ 1 P=0.004 . |[D] p=0.005 P=0.022
2 P<0.001 P<0.001 2 2 i
X ¢ . K ¢ o et
S 10 = S
gé =il %5 0 . % 144
fint “>-) = 4%7 i} g [ =
5 g 3 = B n
& frele &
6 . . . . . .
MARRIE BRIRE  #IR MARIE BEITRE AR
Never  Current Reformed Never  Current Reformed

[F] cyP1B1 B mRNATE GSE994 (A) , GSE17913 (B) Fl GSE10072 (C) =
PMUEEP T EREE AEF L IREALPRIRIA ; D CYP1B1
R B 7E CPTAC BUE = R R R A S e B & (E B AR P By
ik,

[Note] The mRNA expression level of CYP1B1 in upper respiratory tract

tissues of patients categorized by smoking history from GSE994
(A), GSE17913 (B), and GSE10072 (C) datasets; D: The protein
expression level of CYP1B1 in normal lung tissues of lung cancer
patients categorized by smoking history from CPTAC database.

1 CYP1Bl7EWRIAABE LA hRIAT L

Figure 1 Changes of CYP1B1 expression in lung tissues of smokers
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2.2 HERWEREET AhR LiEACYP1B1
5XREZNIEHTHEAMLL, CSO04H CYP1B1 mRNA

MEBRAKKFELBEZ LN, T 20%F 40% FIRIESE

FTEA CYP1B1 RIAKF LA (39 P<0.05) NN ARR

EH1F (CH22) /&, CS04A cYP1B1 KA T (P<0.05),
€S20 #0 €540 £BRY CYP1B1 IR KRN cH22 £HFiE (33
P<0.05) , B{ETFXTHELE (35 P<0.05) . TE 2,

& [ CH22-
W CH22+

8 CYP131|-------|

GAPDH | ---—---|

MR RIE
Relative expression
(o)}

S

N

Relative expression

U] AR BHERFERTFERITFER
[Note] Any two groups marked with different letters indicate a significant
difference.

2 FREEE:E AhRIFEE CYP1B1 A mRNA (A) #1

R (B, C) ®i&
Figure 2 Cigarette smoke regulates the mRNA (A) and
protein (B and C) expressions of CYP1B1 through AhR

2.3 ROSHKZT

5FREZFWNIERITHLAEMLL, €S048 ROS KT TLRA
BT, M 20% M 40% & HEE FFELH ROS KF L
(39 P<0.05) o NN ARRIEHFI CH22 2[5, CSO4H ROS

KFEBE T (P<0.05), 7 H €520 # cs40 £HAY ROS
KSR IN CH22 (A9 T (39 P<0.05) , 1B{hE T3¢
BE4H (39 P<0.05). TLE 3,

10000
z a CH22-
% B (Blank) a o
$ 8000 | CH22+
Cso 1y E b
CS0+CH22 B S 6000 c -
R §
€S20 R 2
S § 4000
CS20+CH22 R5 d d .
- =]
CS40 H"g 2000
CS40+CH22 ; g
0 10* D S O o
e, N D D
DCFH-DAZZH 3R ~ CFL S
DCFH-DA fluorescence & N
intensity 4
CFE] A RAARACNREIBAN R REIRE ; B . RELIE

HHTFHRNBE, RATESBEHERAFERTEERITFESR
[Note] A: The fluorescence intensity peaks of different treatment groups
by flow cytometry; B: The mean fluorescence intensity levels of
different treatment groups. Any two groups marked with different
letters indicate a significant difference.

3 ARAARAENRELIELE ROS KFHIZEWR
Figure 3 Changes of ROS levels in different treatment groups by
flow cytometry

R TR

S5RENEBEHNTHHAMELL, csoBAATLELFI
TREE T, 20%F40% HRAEREAH BT A
b5l £38 (39 P<0.05) o MO ARRIEHTFI CH22, CSO4R
AT AL FI TR 2 Z M (P>0.05), M CS20 A CS40
ARVBT R LEL B3R M0 cH22 39 8 (39 P<0.05) ,
BETFIERA (39P<0.05). WE 4,

2.4

(D]
slQ1 Q2 slQ1 Q2 sla1 Q2 slaQ1 Q2
101615 278, 10° 6066 219 10% o3 -3.50 107615
10° GREE 10* 10t 10t
T 10°F T 10°F T 10°
102} 102} 102}
Q4 Q3 Q4 Q3 Q3 | Q4 Q3
10'193.9 3.21 10'/95 3 248 132 101885 5.80
100 102 10° 10° 100 102 10° 10° 100 102 10° 10° 100 102 10° 10°
Annexin V Annexin V Annexin V Annexin V
Ellos a 105 al Q2 105 Q1 Q2 2 7
0.026 0.011 5.79. 0.10 , %15 B CH22+
10°F 10°f 10° X5
M 219
T 10°F T 10° T 10° g
g S
102t 10%F 10%t :2(;
I - Q3 Q4 . a3 | Q4 Q 0
10t 5.19 10857 115 10'gg.1 6.90 DD DO DD ®
) ‘ : A& &S CEE
100 100 10° 10 100 102 10° 10° 100 10? 10° 10 0@
Annexin V Annexin V Annexin V &
[E] A~G : AR N LA R BANARERNARE ; H | SAATARLASITER, RATSEHRFERFFERITRER

[Note] A-G: The representative flow cytometry images showing cell apoptosis of each experimental group and control group; H: Statistical results of

apoptotic cell proportion in each group. Any two groups marked with different letters indicate a significant difference.

B4 RRARAENAELEHE BT KENTRL

Figure 4 Changes of apoptotic levels in different treatment groups by flow cytometry
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2.5 {RIETERE T

5= RHA48LL, cso AL IERE N TR E T,
T 20% 1 40% & (A A ZE 2 52 A HREIL A L 51 T8 (33
P<0.05). MO AhRIEHF (CH22) f& Cso LHLAREIE 5E

-
-

EbBITEREE T 1K (P>0.05) , T €S20 F1 CS40 LARYZHAR
1E5E L BIE AR N cH22 19 _E3A (39 P<0.05) , BHET
JFEBLR (39 P<0.05) TLE 5,

EdUBRtES/% [T
EdU posmve rat'lo//
N UJ -b

0

UE] A~G : EdU SREOHENI & SRR AR Ko 3 BREAAARRRIETERI RIS R E A 5 H » B4E EdU FRMEARRBLLBISHTER. MARSARRFIRTEESR

HEER.

[Note] A-G: The representative immunofluorescence images showing proliferated cells of each experimental group and control group; H: Statistical results

of proliferated cell proportion in each group. Any two groups marked with different letters indicate a significant difference.

5 EdU SEE81ENIF R IBAARIETERE S
Figure 5 Cell proliferation ability in different treatment groups by EdU assay

3 g

FRRER—MERIEEY), B& k50007
KEMR, a%ﬁzﬁ-ﬁm ROSFNE ML EWIR, UK
AhR BB (90 —FE 2 AN — IR K FYIRE) o M
R EMERAE A ZIBZA BN PAH VR ERR
1, FEEMRBEMAES NS RN ", FEILLHAR
HRRE RS ARIRGINFIEEEE, B
LR BLIESE AhR TEIF LB A SRR
RIK, BEAKE. MEFBI. E]E L. Hﬁi/@%J:
BMERMAREY, SHRRAETRASEEZLR
AR E A, BHEALMRRIESE, jEHIE
WEFENYIREZETELER ; B, S48 A
ALRIRIVEIRE DT R EAE X B R, @I
Hhep— IR ZE SEIO N LABIIE, 83T 9 i IR I AE % GEO
CPTAC #IBE D TR AR ER, HLUAINEASE
R BEEWTAKENEZSE LR (BEAS-2B)
HITHRE, RAMEESARESERP CYPIBIE
U REEIENIER,

CYP1B1 3 AhRE S BRIV RIAE, BEBEMA
BEEMINESE RS EMNEL. cyr EHEIFRE

BEARRRIESFROSHF4E, NBEMRAETFE, FF
JREHUE AR BT BEEIT _EIA cYP RIEE HBIRIZF /
3% & M R = 4 ROS, AhR 7T S B9 CYP1A1 F1 CYP1B1JE
1638 PAHs B L A BRI IF &A1 ¥, CYP1B1 #1 AhR
HWRUETBHRBE BT, AR, KRR T
GEOHIBRFEFM =" RAEXIIBE, HEAIEMN
FRIGMEABEAEEL, cYP1B1 T IR IR A B¥ b 0% & 40 48
FEAE FE, HEMBAABMARFNRAZSHAE
RFRMEAR, RAFHEREE LIFIRIE R EER IS
FCeYPIBIHIRIZE, AT H—FTRIEFRAEZFESH
CYP1B1 &FRIAEH AR EUE S, ANFHZTE BEAS-2B
AR IE A E A I ARR FEFUF CH22 I ARR JEMEZ
EBHITHRS, FRKRA, CH228EB TIACYPIBIHY
Tk, HECHR2 AN BEEBIEMERAERE S|
B9 CYP1B1 RIX £, FIBY, CH22 TR IBEEBIEINE
IR EZ 5 %1% SHYBEAS-2B A ROS B9 _EF. RS
TG INF AL A RE BV PR 1R, SR KRIBEMA
MR 2% S A9 BEAS-2B 4B A CYP1B1 FRiX L IAFIR (A 1E
FEHARESERENT S,

5, FRBARHANAREL LM KIE R
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INERBERETSIE S BEAS- 2B AR T 5510, BERIE
gE N, BATMRAE P ZIEHW TN A LBUE
¥, BEWIESLEIT ARREEIER, AT AR TERER B
FRERIPEESIN. ARRHERTRBFIRES K
RENMEZEREE X, XHERAESF M AMRE
HEYRIEM /BN W, tsh, AR ERMIR
B R EINE R cYP1B1 Rk K TR AN, %
F AhR/CYP1B1 £ & M A E 15 S BEAS-2B B M b 1T
EFRIEREEFE—TTIT.

ZE, ARFBEIEIRED &I CYP1B1 TERIEA
ABEIRAALR R EE, @i AL LMERAEES
9 BEAS-2B ZRAE35 {7 EFB 2 HH AhR/CYP1B1 {5 S BB A
AR, HFMNGIIEEFHE—F R,
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