1982

( polycyclic

aromatic hydrocarbons , PAHs) PAHs

PAHs  cytochrome P4501A1 (CYP1A1l)

DNA
DNA PAHs CYP1A1
CYP1A1 CYP1A1
CYP1A1 (ligand)
( B[aP TCDD PAHs ) AhR  Arnt
AhR Arnt

AhR Amt CYP1Al
AhR

Arnt MRNA CYPIA1 B[P

AhR Amt CYP1A1l AhR  Arnt



CYP1A1
AhR  CYP1A1 Arnt
AhR Arnt
AhR
(P=0.002) AhR
(P=0.013) Arnt
CYP1A1
(P=0.013)
AhR CYP1Al

(P=0.004) AR CYPIA1



Malignant neoplasms have been the primary cause of death in Taiwan
since 1982. Lung cancer is the leading and the second-leading cause of
cancer deaths among women and men, respectively, in Taiwan. Exposure
to air pollutants, such as polycyclic aromatic hydrocarbons (PAHS), is
considered as a causal factor in the development of lung cancer. High
levels of PAHs were detected in cigarette smoke, airborne particulates, fumes
from heated cooking oils, and passive smoking. In non-hepatic tissues,
cytochrome P4501A1 (CYP1A1) isinvolved in converting PAHSs to ultimate
carcinogens, which directly attacks cellular DNA to form DNA adducts. In
addition, CYP1A1l gene expression is induced by PAHs. According to
epidemiological studies, the importance of CYP1A1 inducibility has been
considered with regard to individual susceptibility to lung cancer. High
CYP1A1 expression was associated with the increased risk of lung cancer.
It is well-known that CYP1A1l gene induction is mediated through
ligand-dependent heterodimerization between aryl hydrocarbon receptor
(AhR) and aryl hydrocarbon receptor nuclear translocator (Arnt). The
objectives of this study were : (1) To examine the expression levels and
localization of AhR, Arnt in lung tumors. (2) The correlation between

AhR Arnt and CYP1A1l expression levels . We found that CYP1A1l



expression was correlated with AhR and Arnt protein and mRNA levels in

human lung cancer cell lines. We further examined the expression levels

and localization of AhR  Arnt and CYP1A1 in human lung adenocarcinona

and squamous cell carcinoma tissues with immuno-histochemical staining

method. AhR Arnt and CYP1A1 were found mainly in the bronchiolar

epithelium and neoplasm. AhR and CYP1AL1 staining were located in the
cytosol, irrespective of Arnt in the nuclei of the epithelial cellsin lung tumor
tissues. To the best of our knowledge, this is the first finding of AhR and
At localization in human lung tissues. The AhR expression level were
significantly higher in female than in mae lung tumors (P=0.002).
Furthermore, the AhR expression level is higher in adenocarcinoma than in
squamous cell carcinoma (P=0.013). No significant difference in the Arnt
expression level was found between different genders and pathological types.
CYP1A1 levels were higher in adenocarcinomas than in squamous cell
carcinomas (P=0.013) and CYP1A1 levels correlated with AhR levels found
in non-smoker adenocarcinomas (P=0.004). Our data suggest that high
AhR expression may contribute to high CYP1Al expression and the

non-smoker’ srisk of developing lung adenocarcinomas.



1982

84
4217
30.55%
50.29%

(Tay, et al.,

1988) 7% 15%

( ., 1992) 3%
(Tay, et a., 1988)

(Yang, et a.,

1984 ., 1992 Tay, et d., 1988 Li, et a., 1994 iy



1992)

(World Health Organization 1982)

12~15
85~88
(squamous cell carcinoma) (spindle cell carcinoma)
(atelectasis)
50% (adenocarcinoma)
(bronchioloalveolar adenocarcinoma) (alveolar cell

carcinoma) 95%



(large cell carcinoma) (clear cell carcinoma)

40~50

(small cell carcinoma)
(combined small cell carcinoma) (oat cell
carcinoma)
15%

70%
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Benzo[a]pyrene (B[a]P)
( )BlalP
B[aP (polycyclic aromatic hydrocarbons , PAHS)

PAHs

(Hazardous Substances
Data Bank, 1988 Lee, et a., 1994a,b)

(Venier, et a., 1985)

PAHs
(Lioy, et a., 1988 Rothman, et al., 1990) (
) PAHSs B[P BPDE

(Chiang, et al., 1999 Li et ., 1994)

( )Benzo[a]pyrene

(phase |

enzyme)



P450 (cytochrome

P450) (phase Il enzyme)

(glutathione S-transferase, GST)

(N-acetyltransferase) (Geroge, et d., 1994)

cytochrome P4501A1 (CYP1A1) phase |

CYP1Al type
I (Wheeler, et al., 1991) CYP1A1
B[a]P (PAH) (Shimada, et al., 1992)
PAH CYPl1Al PAH phenoles  epoxides
B[a]P B[4 P cytochrome P450
1A1 (-)-trans-7,8-dihydroxy- 7,8-dihydro
benzo[a] Pyrene
-anti-7,8-dihydroxy-9,l0-epoxy-7,8,9,10-tetrahydro benzo[a]pyrene
(BPDE) DNA
DNA  deoxy guanosine (dG) N (Jeffrey, et d.,

1976) B[aP radical cation



DNA  deoxyguanosine Ny DNA
(Cavalieri and Rogan, et a, 1992)
CYP1A1 PAH CYP1Al PAH
TCDD benzo[a]pyrene (B[a]P)  3-methylcholanthrene (3-M C)
PAH CYPl1Al

(Nebert and Tones, 1989 Shimizu, et a., 2000) PAH CYPl1Al

B[a]P
B[a]P
B[a]P (Nebert, et al., 1989
Shimizu, et a., 2000 ) Shimizu (2000) 200u g B[a]P
C57BL/6J 24

(papilloma)  keratoacanthoma
2 mg B[a]P C57BL/6J 17
(fibrosarcoma) (rhabdomyosarcoma)

lwagawa (1989) 0.03-1.0mg B[a]P 104

10



Hecht (1994) 24 mole B[a]P

B[a]P group 2A (
) (IARC 1987) B[a]P B[a]P
DIb-1 mutaion assay (Brooks, et al., 1999)
Fung (1999) Salmonella typhimurium TA100 Ame stest
B[a]P Wolterbeek (1993)
48 B[aP FeO;3
DNA B[a]P (BPDE) DNA
DNA dG-(+)-BPDE Sohodet (1993)
DNA DNA
DNA BPDE DNA Barbieri (1986)
B[a]P BPDE B[a]P-4,5epoxide  6-methyl B[a]P

0.4-16 nmol/embryo BPDE B[a]P-4,5-epoxide

6-methyl B[a]P Swiss 18
(thoraco-,gastroschisis) (phocomelia)
B[a]P CD-1 (anterior
neuropore closure) (Winn, et al., 1997) Harris (1991)

Bl[alP ras (protooncogene) 12 (codon)

11



G- T transversion Cherpillod and Amstad (1995) B[a]P

P53 248 249

B[4]P

CYP1Alinducibility

G- T transversion

CYP1A1 inducibility ( CYP1A1 )

high CYP1A1 inducibility

(Kellermann, et a., 1973) Kellermann

(case-control study) CYP1A1 inducibility (

3-methylcholanthrene (3-MC)

CYP1AL1 inducibility 30 %
9 % AHH
44.7 % AHH
ratio = 36.0) Kouri
AHH

1982) AHH B[a]P

12

AHH assay )
AHH
AHH
4 %
(Odds
(Kouri, et al.,
DNA



(Bartch, et al., 1992 Alexandrov, et a., 1992) CYP1A1

inducibility
CYP1A1l inducibility = PAH
(Nebert, et a., 1969) Nebert
CYP1A1 inducibility 80 mg/Kg 3-MC
C57BL/6 DBA/2 48 AHH assay CYPl1Al
inducibility 3-MC B6 6 AHH
D2 B6 arylhydrocarbon responsive
(Ah-responsive) D2  Ah-nonresponsive Nebert
150y g 3-MC B[a]P Ah-responsive
Ah-nonresponsive 8 Ah-responsive
(subcutaneous fibrosarcomas)
CYP1Al
CYP1A1 inducibility CYP1Al
1973  Kellermann
CYPIAL CYPIAL
CYPIAL 3 -flanking region 250 T

C Mspl exon 7 462

13



isolucine valine 5993 T C exon 7

5213 C A (Cascorbi, et a., 1996) Smart and
Daly (2000) singal-strain conformational polymorphism analysis
(SSCP) polymorphism site C4151T G-459A
C-469T ( ) CYP1Al1 Mspl
PAH-induced CYP1A1 Kiyohara Fukuoka

84
3-methylcholanthrene (3-MC) Mspl mutant CYPIAL

3  (Kiyohara, et a, 1996)
CYP1A1 Mspl CYP1A1

(Crofts et d, 1994)

CYPl1A1 (d Errico,
et al., 1996) Kawajiri (1990)
(case-cntrol study) Mspl polymorphism homozygous rare
alele (genotype C) 3
CYPIA1 Mspl Kawajiri
genotype C 21.2% 10.6%

genotype C Nakachi

14



case-cntrol  study
genotype C
(Cascasians)
(genotype C)
CYPl1A1l
CYPlAl
a., 1982 Whitlock, et al., 1996)

CYP1A1 inducibility

15

CYP1Al
7.3 Xu

(genotype B)

CYP1A1 inducibility
AhR  Arnt (Bigelow, et

CYPI1Al AhR Arnt



CYP1A1l

Exon number 1 2 3 4 5 6 7

PCR product ys1 UsS2 US3 US4 C1 C2 C3 c4 ©C5 C6 C7 ca
5. l 3?

i1 ! S
Polymorphic /%I :

sites C-469T G-459A highly C4151T CS213A  AS215G  TS99IC T+250C

polymorphic (R279W) (T46IN)  (1462V)
region CYPIAL *4 *28 3 A2

Smart and Daly (2000)

CYPIA1 3 -flanking region 250 T C
Mspl exon 7 462 isolucine valine

5993 T C exon 7 5213 C A (Cascorhi,

et a., 1996 ) Smart and Day (2000) singal-strain conformational

polymorphism analysis (SSCP) polymorphism site C4151T

G-459A C-469T

16



Aryl hydrocarbon receptor (AhR)  Ah-receptor

nuclear translocator (Arnt)

( )AhR Arnt

AhR  Arnt AhR
847 (Takahashi, et al.,1996) 848 (Itoh, et
a., 1993 Dolwick, et a.,1993) C57BL/6J 805 (Ema, et
al.,1992) DBA/2] 847 (Chang, et a.,1993)
853 (Carver, et al.,1994) Arnt 790
(Takahashi, et al.,1996) 789 (Hoffman, et
a.,1991) 791 (Li, et a.,1996 Reisz-Porszasz, et
a.,1994) ( )
AhR  Arnt basic helix-l1oop-helix/Per-AhR(Arnt)-Sim (PAS)
(Whitlock, et a., 1999) PAS AhR Arnt Sim (
) Per ( )
250 (homology region)

PAS domain (Per,AhR-Arnt,Sm) AhR  Arnt
AhR ( 848 ) N-terminal

basic helex-loop-helix (bHLH) domain (1-112 )

17



DNA bHLH 260
PAS domain (113-387 ) PASA PASB
(ligand TCDD

2,3,7,8-tetrachlorodibenzo-p-dioxin  3-MC  3-methylcholanthrene aNF

a-naphthoflavone ) HSP90 PAS domain Arnt
(dimerization) C-termina Q-rich
domain (387-848 )
(transactivation) Arnt ( 789 )
N-terminal  bHLH domain (1-167 )
DNA bHLH 250
PAS domain (168-407 ) PASA PASB
AhR dimerization  C-terminal Q-rich domain

(408-789 ) transactivation (

)

18



AhR  Arnt

‘D‘ AbR E Arnt
! a7 1 950
Rabbit lln-l.tq PRSI PAST a | Variable Rabbit ! alura|past | pasz I &
T o ! 78
[ H|
Human 1004 98% 4% al 6% Human” 1R R, ) S
1 805
Mouse ™ ool com | | sm al s ! 7
(C5TBUEY) I Mouse ™™ | [a|ioen|wms| [ioow a
1 Bl
Mouse ™
(DBAI2J) oo sox | [ ome o]
! 251
Rat™ %) 9% || ams al s
(Takahashi, et al., 1996)
AhR Arnt AhR 847
848 C57BL/6J 805 DBA/2J
847 853 Arnt 790
789 791
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AhR  Arnt

Ligand-dependent
Derepression
DHA Binding Ugand Binding Cenditional
Dimerization hsp90 Binding Transactivation Funcilons:
) r— — e
Dioxin —p— T ] Ligand Blnding
H = 3 DHA Binding
HECE,DIOF . - Conditional
Dimerization with Arnt
hsp&0 Binding
bHLH PAS Domain Q-rich Condltional Transactivation
DNA Bindin
Amt Dimen‘ulicr? with OR
Constitutive Transactivation
OMA Binding CeH Type-specillc
Dimerization L Constitutive
Transactivation
AhR At basic helix-loop-helix/Per-AhR(Arnt)-Sim (PAS)
AhR  Arnt N-terminal basic
helex-loop-helix (bHLH) domain DNA PAS
domain PASA PASB PAS domain AhR, Arnt
(dimerization) AhR  PAS domain (ligand
TCDD, 3-MC, aNF ) HSPO0 C-terminal Q-rich
domain (transactivation)

20



() PAHs AhR/Arnt CYP1A1
PAHs AhR/Arnt Cytochrome P450 1A1
(CYP1A1) Cytochrome P450 1B1 (CYP1B1) NAD(P)H  quinone
oxidoreductase 1 (NQO1) glutathione-S-transferases (GST) aldehyde
dehydrogenase (ALDH) (Nguyen, et a., 1994) AhR
90KDa heat-shock protein (HSP90)
(Perdew, et al., 1988 ) PAHs AhR (Pollenz, et

al.,1994) AR HSP90  AhR (Pongratz, et al., 1992 Chen,

et a., 1995) PAHs-AhR (Okey, et ., 1980)
Arnt (Hoffman, et a., 1991 Perdew, et a., 1992)
CYPl1Al aromatic hydrocarbon- or dioxin- or

xenobiotic-responsive elements (AhRE or DRE or XRE) (Denison. et

al., 1988 Swanson. et al., 1993 Okey. et al.,1994) CYP1A1 (
) CYPIB1 NQO1 GST ALDH (Israel, et al.,1984)
(PAHs) AhR
1996 Hoffer TCDD
Bl[alP c-fos, c-jun, junB  junD  oncogenes
AhR c-fos jun

PAHSs AhR/Arnt CYP1Al

21



AhR CYP 1A1

(Smart and Daly

2000) AhR polymorphism site exon 10
1721 G A (G1721A) 1768 G
A (G1768A) (Smart and Daly 2000) Smart Daly
AhR G1721A CYP1Al G1721A
Kawajiri (1995) G1721A
AhR G1768A 2000
Pharmacogenetics
CYPl1Al AhR polymorphism

CYP1A1

22



AhR/Arnt CYP1A1l

Protain
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Whitlock, et al., 1996

AhR 90K Da heat-shock protein (HSP90)
TCDD AhR AhR HSPA0 AhR TCDD
-AhR Arnt TCDD-AhR-Amt
CYP1Al xenobiotic-responsive elements (XRE)
CYP1Al
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( )AhR

Fernandez-Salguero (1996) AhR
AhR
Pedro 1996
AhR TCDD
TCDD
AhR Shimizu 2000
PNAS AhR  B[aP
B[a]P AhR(+/+)  AhR
knock-out [ AhR (+/-) (-/-)]C57BL/6J AhR(+/+) (+/-)
C57BL/6J mice
B[a]P  AhR(-/-) C57BL/6J (Shimizu, Y.,
2000) AhR  PAH
AhR (ligand) AhBR
AhR
( )Arnt

Arnt HIFla (hypoxiainducible

24



factor 1a ) (Wang, et a., 1995) Arnt-HIFla

(erythropoientin)

hypoxia response element (ERE) (Wang and
Semenza, 1993 Semenza, 1994) AhR  HIFla Arnt
TCDD AhR-Arnt DRE
CYPlAl HIF1la
Arnt HRE erythropoientin
1982

( polycyclic aromatic hydrocarbons, PAHs) PAHs

25



(Venier, et a., 1985) (Chiang, et al., 1999

Gao, et a., 1996) (Wen, et al., 1994) B[a]P PAHs
(susceptibility) CYP1A1 CYP1Al
PAHs CYPl1lA1

bHLH/PAS AhR Arnt (heterodimer)
AhR

Shimizu (20000 AhR knock-out AhR

B[a]P (1) AhR

Arnt (2)

AhR Armt CYP1A1

26



RPMI medium 1640 fetal bovine serum (FBS) penicillin,
streptomycin - sodium pyruvate  non-essential amino acid (NEAA)
glutamine Super Script TM Il RT TRIzol reagent GIBCO BRL

Nunc bovine serum abumin (BSA)
trypsin  dimethyl sulfoxide (DMSO) benzo[a]pyrene (B[a]P) ethidium
bromide (EtBr) trypan blue solution (0.4%) ammonium persulfate (APS)
tetramethyle ethylenediamine (TEMED) glutathione pepstatin A aprotinin

b-nicotinamide adenine dinucleotide phosphate (b-NADPH) leupeptin

phenylmethylsulfonylfluoride (PMSF) Sigma normal
melting agarose (NMA) FMC anti-mouse IgG-HRP  Santa
Cruz Biotechnology potassium acetate

Syringe filter Gelman anti-rabbit 1gG-HRP
Calbiochem Western blotting detection reagents 1,2 (ECL) Amersham
International Bio-Rad protein assay reagent Bio-Rad

BCA protein assay reagent Pierce

(human lung carcinoma cell lines)H23 H1355 H226
H23  H1355

27



(human lung adenocarcinoma cell lines) H226

(human lung squamous cell carcinoma cell lines)

60 37
23
AhR Amt CYP1A1
AhR CYP1A1 955 Arnt 4
H23 H1355 H226 5 % FBS 0.22 % sodium

bicarbonate 0.03 % L-glutamine 100 unit/ml penicillin/streptomycin
RPMI 5%CO, 37

10 ml phosphate
buffer saline (0.8 % NaCl, 0.02 % KCI, 0.11 % Na,HPO,4, 0.02 % KH,PO,)
PBS 1ml (0.005 Trypsin
0.002 EDTA) trypsin ( )
trypsin ( trypsin

28



) 37 5 5

(OLYMPUS-CK40) (
)

10 ml trypsin ( )

15ml 4 900 rpm (KUBOTA 2010) 5
( )
2x10° /10
RNA
H23 H1355 H226 ~ ( 10 ~

) TRIzol Reagent (GIBCOBRL) RNA (Chomczynski et al.,

1987) 10 cm PBS
Iml  TRIzol Reagent 5
(TRIzol Reagent )
200 | Chloroform/
isoamyl alcohol (49:1) 10 4 12000

rpm (HERMLE z323k Centrifuge) 20

Iml  isopropanol -20
RNA 4 12000 rpm (HERMLE 2z323k
Centrifuge) 20 ( ) RNA 1ml
75% cold ethanol 4 7500 rpm (HERMLE z323k
Centrifuge) 5 ( )
DNA RNA DNase RNA 200u | IX TE

buffer (10mM Tris-HCI, ImM EDTA) DNase working solution

29



20mM MgCl, 2mM DTT  0.4u | of ribonuclease inhibitor (20-25U/u
) 2y g Dnase Ix TE buffer 200 p | 37 15
100p | DNase stop solution (50 mM EDTA 1.5 mM sodium
acetate 1% SDYS) Dnase 500y | phenol 100y |
chloroform isoamylalcohol (49:1 , v/v) 4

12000 rpm (HERMLE z323k Centrifuge) 20

1ml isopropanol -20
1 RNA 4 12000 rpm (HERMLE
z323k Centrifuge) 20 ( ) RNA
1ml 75% cold ethanol 4 7500 rpm (HERMLE
2323k Centrifuge) 5 ( )
RNA 30y TE buffer
excitation=260nm emission = 280nm ( a OD
260/280 1.5 ; b. OD.260 2.0
) RNA DEPC water [01.%
DEPC RNase ( 34 )
DEPC]
M gRNA (OD260nm) x 40u g/ml x

RT-PCR(Semi-quantitative reversetranscription and

30



polymer ase chain reaction)
() DNA (cDNA)
10p g totd RNA 2ng oligo(dT);s DEPC

12y | 70 15 RNA
8u | [50mM TrissHCl (pH 83) 75 mM KCI 3 mM
MgCl, 5mM DTT 5 mM dNTP ] 400 U MMLV Reverse
transcriptase (SuperScript™ 11, GIBCO) 37 MRNA
cDNA 95 5 reverse transcriptase
cDNA (total 20u 1) -20
() RT-PCR
RT-PCR 1 | cDNA ( 05u g tota RNA)
30u | 1x [10mM TrissHCl (pH 8.8)
1.5mMMgCl, 50 mM KCI 0.1% Triton X-100] primer 0.2
M M (primer ) 0.2mM dNTP (GIBCO-BRL,USA) 1 U
Tagpolymerase (DyNAzymeTMII, Finland) UNO (Biometra)
2% (agarose) 0.5 p g/ml ethidium bromide
(EtBr)  running buffer 120

(Alphalmager TM 200 Alpha Innotech corporation)
uv
H23 H1355 AhR mRNA
H23 AhR mRNA /H23 (3 - actin

H1355 AhR mRNA /H1355 (3 - actin
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Primer Refer ence:

Gene
AhR 5 -ATACTGAAGCAGAGCTGTGC -3 Hayashi et dl,
5 -AAAGCAGGCGTGCATTAGAC -3 1994
Arnt 5 -CGGAACAAGATGACAGCCTAC-3 Hayashi et al,
5 -ACAGAAAGCCATCTGCTGCC -3 1994
b-actin 5 -GTGGGGCGCCCCAGGCACCA -3 Dehr et d,

5’ -CTCCTTAATGTCACGCACGATTTC -3 1995
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Gene Thermocycle conditions Cycles

Further
Predenature -~  Thermocycle — _
extention
AhR 94 -3min 94 -1min. 72 -10min 27
50 -1min
72 -1min.
Arnt 94 -3min 94 -1min. 72 -10min 27
50 -1min
72 -1min
B-actin 94 _3min 94 -1mn 72 - 10min 27
50 -1min
72 -1min
B -actin  25,27,29 cycles
Cycles 25 27 29
B -actin 27cycles
H23 cDNA B -actin  25,27,29 cycles
11890,12760,13340 B -actin 27cycles
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Aryl hydrocarbon hydroxylase (AHH) (Kiyohara

et .al., 1996)
CYP1Al 10
10mM B[a]P 24
10ml PBS 1ml PBS rubber policeman ( )
1.5 ml 4 7,000 rpm (HERMLE z323k
Centrifuge) 5 0.5 mi (100 mM
HEPES 1 mM MgCl,) (SONICS & MATERIALS INC. VCX
600 DANBURY, CT. USA) 4 12,500 rpm
(HERMLE z323k Centrifuge) 30 Bio-Rad protein assay
100my 1 ml (0.1 ml 1M
HEPES, 10 m 40 mM NADPH, 1 m 1 M MgCl5,) 2
20n 1 mM B[a]P 37 10 1ml
3.25 ml 5 2ml
2ml 1 N NaOH 15

(HITACHI F-4500) excitation 396nm emission 522nm

3-OH B[a]P (Midwest research institute,

Kansas, Missouri) cytochrome P450 1A1
3-OH B[a]P pmol/min/mg protein

eq / 3.04ng/ml

Fu -

Fulegx 2mix 2x  100/80 x 1/268.3x 1000x 1/mg protein
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( )Bio-Rad

glycerol SDSdetergent DTT

1 4 Bio-Rad reagent Bio-Rad working
reagent 5m (BSA) 25mg 5ng 10nmg 15mg 20ng
1ml Bio-Rad working reagent
(HITACHI U1500) 595nm , (BSA)
(ng/mi)

( ).BCA

glycerol SDSdetergent DTT (

2-mercaptoethanol

2-mercaptoethanol) 1 49 BCA reagent A  reagent B
BCA working reagent 5ul (1p g/u I BSA) 25
Mg S54g 10ug 150 g 20u g 1ml BCA working reagent
37 15 (HITACHI U1500)
562 nm : BSA
(Mg l)
()
10 PBS

(0.8 % NaCl, 0.02 % KCI, 0.11 % NaHPO, 0.02 % KH,PO,)
0.5ml PBS 1.5ml 4
7000 rpm (HERMLE z323k Centrifuge) 5 0.5 ml
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LYSIS (50 mM HEPES pH=7.4, 10 mM EGTA, 40 mM sodium
molybdate, 20% glycerol, 6 mM MgCl,, 0.5% NP-40, 10 ng/ml leupeptin, 10
nmg/ml pepstatin A, 10 ng/ml aprotinin, 50 my/ml TLCK, 50 ng/ml TPCK)

4 SONICS & MATERIALSINC. VCX 600 (
DANBURY, CT. U.SA)) Sonicator TUNE
10 ; Ample 20 % 10 sec/once
0.5 ml lysis sample 5 sec/once 5m 100 mM
PMSF (lysis 1/100) 4 12,500

rpm (HERMLE z323k Centrifuge) 10

4 100,000 rpm 60 2X
( AhR  Arnt ) (pellet)
1 X ( CYPIAL ) 50m
100 denatbre BCA protein assay

()
4 % (1.56 ml upper gel buffer, 0.6 ml 40% acrylamide-bis

acrylamide, 120 m 10% ammonium persulfate, 3.73 ml , 12 m
TEMED ) 8 % (2.5 ml lower gel buffer, 2 ml 40% acrylamide-bis

acrylamide, 120 m 10% ammonium persulfate, 5.4 ml , 20 Ml TEMED)
mini acrylamide-bis acrylamide gel well loading 20 ny
120volt 90
10 PVDF membrane ( 15

) 5 PVDF membrane
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transfer (0.31% Tris, 1.44% glycine, 20%
methanol) 5 Bio Rad-Mini Trans-Blot Céll
PVDF membrane (100 volt 60 ) transfer PVDF

membrane 5% 1 X-TTBS (50 mM Tris, 0.2 %
Tween 20, 150 mM NaCl, PH 7.5) 60
mouse polyclonal anti-AHR (Affinity Bioreagent,
Golden, Colorado)  rabbit monoclonal anti-Arnt (Dr. R. Pollenz ,
Medical University of South Carolina)1000 X 4  overnight
1/100 2 % sodium azide 4

PVDF membrane 5%
(skim milk) 1 X-TTBS 1 X-TTBS
anti-mouse 1gG-HRP conjugated (Santa cruz

biotechnology) anti-rabbit 1gG peroxidase conjugated (Calbiochem)

1 5% 1 X-TTBS'
(50 mM Tris, 0.5 % Tween 20, 300 mM NaCl, PH 7.5) 1
X-TTBS' PBS
E.C.L. (Amersham RPN 2106) 5-30
X- FUJI medical X-ray film
58~59 10 xylene 20
100 10 95 80 75
5 (dH0) 30

peroxidase
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3 H,O, 15 0.01M citrate buffer (PH 6.0)
2~3 5 citrate buffer PBS

LSAB, rabbit/mouse, kit/HRP

(DAKO CORPORATION Carpinteria, CA)
(DAKO CORPORATION Carpinteria, CA)

mouse polyclona anti-AHR (Affinity
Bioreagent, Golden, Colorado) rabbit monoclonal anti-Arnt (Dr. R.
Pollenz , Medical University of South Carolina) rabbit polyclonal

anti-rat CYP1A1 (CHEMICON, Temecula, CA) dilute buffer (DAKO
CORPORATION Carpinteria, CA) 1:60

4 16~20 3 5 1XPBS
biotinylated 37 20
PBS streptavidin - 37 20
PBS DAB ( 1ml DAB

20u 1 3 HO,)
haematoxylin (MERCK) 5~15
100
xylene 2 ENTELLAN ( MERCK )
NIKON UFX-

anti-human CYP1A1 (CHEMICON, Temecula,

CA)
CYP1A1
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anti-rat CYP1A1 (CHEMICON, Temecula, CA)
CYP1A1 anti-human
CYP1A1 (CHEMICON, Temecula, CA)

i
-
H1355 CYP1A1
H1355 10p M B[aP 24
CYP1A1 lane 1 anti-human CYP1A1

lane 2 anti-rat CYP1A1 CYP1A1 52 KDa
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AhR CYP1A1

DAB positive control (
) AhR CYP1Al

grade 0~3 (

500~1000

grade 1 grade 2
grade 0 grade 1
grade2  grade 3 Arnt
( positive control
Arnt 50%

50%
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grade 2): grade O
grade 3



AhR Amt CYP1A1

A AhR grade 2 B
Amnt C
CYP1Al grade 2

200
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Aryl hydrocarbon hydroxylase assay (AHH)

Student’ t
t-test Student’ s t-test
P 0.05
Immunohistochemistry (IHC) Fisher' s exact test
Fisher’ s exact test
P 0.05

(multivariate logistic regression)

(histology)
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B[a]P H23 H1355 H226

PAHs
B[a]P
B[a]P
H23 H1355 H226 B[a]P
H23 H1355 H226
H23 H1355 H226 B[a]P
H23 H1355 H226 5.8 x10" 4.0 x10"
4.0 x10* 6-well plate 24 DMSO 10
u M B[aP B[a]P
1 2 3 4 trypan blue
H1355 B[a]P 4
13.1 H23 51.5 H226
B[a]P
B[a]P H22 H12RR RIalD H226
_H1355

12 4 —e— DMSO
—o— 10nM BJ[a]P
10 A

‘ell numbers (x 10°)



B[a]P

4.0x10" 4.0x10"
10y M B[a]P

1 2 3 4

B[a]P

H23 H1355 H226
6-well plate 24
trypan blue

B[a]P
H226
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DMSO
B[a]P

H23 H1355



B[a]P CYP1A1

CYP1Al B[a]P arylhydrocarbon
hydroxylase (AHH) Bla]lP H23 H1355 H226
CYPl1A1l H23 H1355 H226 10p M
B[a]P 24 AHH CYP1A1
B[aP 24 H23 H1355 CYP1Al
12 56 ( Student’ s t-test
P <0.01) B[a]P H226 CYP1A1
1.4 ( Student’ st-test P <0.01)( )
B[a]P CYP1A1
H1355 B[a]P H23 H226
B[a]P (histology)
H23 H1355 CYPlAl B[a]P
H226 B[a]P
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3-OH BJ[a]P pmol/min/mg

35

30 A

25 A

20 A

15 A

10 -

1
%JJ 7

H23

H23, H1355, H226

H23, H1355, H226

CYP1A1l

H226
Student’ s t-test

N DV SO
10nM B[a]P

H1355 H226

B[P  CYPIA1

10pu M B[a]P24 AHH
H23 H1355  CYPIAl
12 56 Bla]P
CYP1A1 L

P <0.01)
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AhR  Arnt MRNA

B[a]P AhR  Arnt CYPl1Al
(Bigelow, S. W. et al., 1982) AhR  Arnt mRNA

H23 H1355 H226

() AhR Arnt  mRNA
H23 H1355 H226 10
cm 9~10 MRNA RT-PCR
AhR  Arnt mRNA (AhR  RT-PCR 180
bp Arnt  RT-PCR 225 bp B -actin  RT-PCR
541 bp) H23 H1355 H226
AhR  Arnt mRNA H23
H 1355 AhR mRNA H226
Arnt mRNA AhR mRNA
Arnt mMRNA
H23 H1355 H226 AhR
Arnt MRNA CYP1Al

AhR Arnt
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AhR Arnt

H23 H1355H226 H23 H1355H226

B -actin —»

H23 H1355 H226 AhR Amt  mRNA
H23 H1355 H226 MRNA
RT-PCR AhR  Arnt mRNA H23
H1355 H226 AhR  Arnt mRNA H23 H 1355
AhR mRNA H226 H226
1.7 14 Arnt mRNA AhR mRNA
H23 H 1355 Arnt mRNA H226

H226 15 1.3
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() AhR  Arnt

AhR  Arnt
AhR ArmtmRNA CYP1Al B[a]P
H23 H1355 H226 10u M B[a]P 24
AhR  Arnt
( AhR  Arnt 110KDa  95KDa)
AhR
H1355 H23 H226  AhR Arnt
AhR H23  H1355 Arnt
H226 ( ) 10y M B[alP
AhR At ( )
( ~ ) H23 H1355 H226
AhR At  mRNA CYP1ALl inducibility

(CYPIA1 )
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H23 H1355 H226
AhR ——

AL

B -actin
H23 H1355 H226 AhR  Amt
H23 H1355 H226 AhR  Amt
( AhR At 110KDa 95KDa)
AhR H1355 H23 H226 AhR

Arnt AhR H23
H1355 Arnt H226
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H23 H1355 H226

D B D B D B
AR == ee@Dap —

Arnt P o> 9P "

B -actin ——— e — —— —

H23 H1355 H226 B[a]P AhR  Amnt
H23 H1355 H226 10u M B[P DMSO 24
AhR At (
AhR  Arnt 110KDa 95KDa)

H23 H1355 H226 10u M B[a]P AhR
Arnt
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AhR

AhR Arnt B[a]P
AhR immunohistochemistry (IHC)
AhR ( A-B) (
A-B) AhR 34 21
AhR
grade 1~2
type T1 AhR grade 2
AhR 95
( 201)
AhR grade 3
grade 1 (
A-C)
55 AhR
Tablel AhR
P 0.013 0.002
AhR

34 22 AhR
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65% 22 17 (77%)

AhR
(Table )
AhR 93 % 2% P 0.003
AhR
(multivariate logistic regression) AhR

(P<0.01)
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TABLE AhR

AhR

Low High P-value

Number of cases 27 28
Sex 0.002

Male 22 11

Female 5 17
Age(years) 0.285

40~63 11 16

64~83 16 12
Smoking behavior 0.04

Smoker 14 7

Non-smoker 13 21
Histology 0.013

Adenocarcinoma 12 22

Squamous cell carcinoma 15 6
Tumor (pT)* 0.408

T 4 5

T, 15 19

T3 8 2

T, 0 2
Nodal involvement(pN)* 0.823

No 12 15

Ny 6 5

N2 9 8
Grade’ 0.092

1 2 3

2 15 22

3 10 3
Disease stage’ 0.432

10 15

3 3

14 10

1 The categories are defined by TNM staining.
2 The categories are distinguished by tumor differentiation.
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TABLE AhR

AhR

Low High P-value
Number of cases 27 28
Adenocarcinoma 0.003
Male 1 8
Female 1 14
Squamous cell carcinoma 0.3x4
Male 1 3
Female 4 3
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Arnt

54 5
( 3 1 1 ) Arnt
Arnt ( C-D)
C-D Arnt
type T1
Arnt Arnt
201
Arnt
( D-F) 5
Arnt Arnt 50 %
54 Arnt
Table
Arnt
Arnt

(n=54) (n=32)
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TABLE Arnt

Arnt
Low High P-value
Number of cases 19 35
Sex 0.566
Male 10 22
Female 9 13
Age(years) 0.566
40~63 9 13
64~83 10 22
Smoking behavior 0.257
Smoker 5 15
Non-smoker 14 20
Histology 0.139
Adenocarcinoma 9 25
Squamous cell carcinoma 10 10
Tumor (pT)* 0.201
T, 5 3
T, 9 25
T3 4 6
T, 1 1
Nodal involvement (pN)* 0.296
No 11 18
Ny 5 5
N2 3 12
Grade’ 1.000
1 2 4
2 12 23
3 5 8
Disease stage’ 0.918
10 17
2 3
7 15
<0.001
Neoplastic cells(54) 19 35
Non-neoplastic cells(32) 28 4

1 The categories are defined by TNM staining.
2 The categories are distinguished by tumor differentiation.
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C

D

AhR Amt

B D
grade 1, B
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A-B AhR
grade0 C-D Amt
200



CYP1A1l

55 CYP1Al
CYP1A1l E-F
CYP1Al
type 1
CYP1A1l 201
CYPl1A1l
grade 2
grade 1 ( G-1) CYPlAl AhR
AhR CYPI1Al
CYPl1A1l 25 AhR
Table 34 22 CYP1A1l
65 21 6 CYP1Al

29 (Table ) CYPlAl
(P=0.013)

CYP1A1
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TABLE CYP1A1

CYP1A1

Low High P-value

Number of cases 27 28
Sex 0.412

Male 18 15

Female 9 13
Age(years) 0.171

40~63 8 14

64~83 19 14
Smoking behavior 0.171

Smoker 13 8

Non-smoker 14 20
Histology 0.013

Adenocarcinoma 12 22

Squamous cell carcinoma 15 6
Tumor (pT)* 0.100

T, 2 6

T, 20 15

T3 3 7

T, 2 0
Nodal involvement (pN)* 0.594

No 13 16

\ 7 4

N, 7 8
Grade’ 0.232

1 1 5

2 18 18

3 8 5
Disease stage’ 0.642

12 15

4 2

11 11

1 The categories are defined by TNM staining.
2 The categories are distinguished by tumor differentiation.

60



AhR Amt CYP1A1

A-B  AhR C-D Amt
E-F CYP1Al A C E
B D F 200
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201

A-C  AhR
D-F Amt
G-I CYP1Al1

gradel A D G
C F 1

AhR Amt CYP1A1

A grade3 B C grade 1
D F E

G | grade2 H
B EH

200
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AhR Arnt CYP1Al

CYP1A1 PAS -AhR  Arnt

(Whitlock, et al., 1999)

AhR CYP1A1l (Table Table
) CYP1A1 AhR Arnt
49 AhR Arnt
CYP1A1 31
31 AhR Amt CYPlAl

Table AhR  CYPl1A1

P=0.056 (P<0.05)

AhR CYP1Al

(P=0.004) Amt  CYP1A1l

AhR Amt CYP1Al
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TABLE AhR Arnt CYPl1Al

AhR Arnt

Low High P-vaue Low High P-value

0.056 1.000
Low CYP1A1 7 4 3 8
High CYP1A1 5 15 5 15

Nonsmoker 0.004 1.000
Low CYP1A1 5 1 2 4
High CYP1A1 2 14 5 1

Smoker 0.524 1.000
Low CYP1A1 2 3 1 4
High CYP1A1 3 1 0 4
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( )AhR Arnt

AhR Arnt
PAS
AhR  Amt
AhR  Arnt
AhR Arnt

AhR  Arnt (Kashani, et
al., 1998) AhR
Type AhR  Arnt CYP1Al
PAHs (Shimada, et a., 1992 ) CYPl1Al AhR
Arnt (Whitlock, et al., 1996 )
CYP1A1 CYP1A1

type

CYP1Al (Anttila, et al.,

1991 Saarikoski, et al., 1998) AhR Armt CYP1A1
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( )AhR CYPl1Al
Anttila(1991) Saarikoski (1998)

CYP1A1 mRNA ( insitu hybridization

) ( imunohistochemistry )
Table
CYP1Al
CYP1Al AhR Table AhR
AhR
CYPI1A1 (Table )
AhR Arnt H23H
1355 CYP1ALl inducibility =~ AhR Arnt MRNA
H226 ( ) AhR
CYP1Al CYP1A1 Msp |
CYP1Al
CYPlAl CYP1A1Msp |
CYP1A1 Msp | (n
24) CYP1A1l Msp | CYP1Al

(Table ) CYP1A1
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( )

CYP1A1 —AhR
CYP1A1Mspl AhR

CYP1A1
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Table CYP1A1 Msp | CYP1A1

CYP1A1Mspl CYP1AL
49 H high
78 H high
86 H high
96 H high
124 H high
125 H high
148 H high
268 M high
244 w high
52 H low
58 H low
64 H low
91 H low
104 H low
135 H low
252 H low
260 H low
69 M low
7 W low
62 w low
70 w low
73 w low
99 W low
130 W low
1LW H M W: Wild type H: Heterozygous type M: Mutant type

2. CYP1A1 Msp |
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() AhR (susceptibility)
CYP1Al
( Pasquini, et a., 1988 Mclemore, et a., 1990 Anttila, et al., 1991 )
CYP1A1 (Petruzzelli, et al., 1988)

6 Northern blotting CYP1A1 mRNA

(Mclemore, et al., 1990)

CYP1A1 (Table )
CYP1A1 22
CYP1A1 12 (55 %)
(Table ) (50 %)

3~4 % (Koo, et a., 1990)

PAHs (Chiang, et al., 1999
Gao, et a., 1996 Shields, et al., 1995 Li et al., 1994) (Wen, et al.,
1994) (Chen, et a., 1995)

CYP1A1

(susceptibility) (Engeland, et a., 1996 Zang

and Wynder, 1996)
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DNA (DNA adducts) CYP1Al
P53 G Cto T:A (Ryberg, et a., 1994 Kure, et a., 1996
Mollerup, et a., 1999)
DNA adducts
AhR (Table

) AhR
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Table CYP1A1l

CYP1A1
Low High

Number of cases 12 22
Mde

Smoker 4 4

Nonsmoker 5 6
Femae

Smoker 1 0

Nonsmoker 2 12

( )AhR Arnt
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AhR Arnt ,
AhR

(Kuchenhoff, et al.,1999 Chaffin, et al., 1999) Kuchenhoff

in situ hybridization Immunohistochemistry AhR
AhR
(0-10 ) AhR (11-14 )
AhR (15-28 ) Chaffin
Granulosa (FSH-fallicle stimulating
hormone LH-luteinizing hormone) AhR MRNA

( RT-PCR ) AhR
Kaiser (1996)

(sex steroid hormone receptor)
AhR
AhR AhR
(ligand) B[aP TCDD 3-MC
steroid hormone
AhR

AhR
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AhR Arnt Spink

(1998) tumor promoter 12-o-tetradecanoylphorbol-13-acetate
(TPA) MCF-7 AhR mRNA
Hayashi (1994) TPA promyelocytic HL60
(Table )
Arnt
AhR  Arnt AhR  Arnt

AhR At CYPl1Al

Smart  Daly (2000) 30
AhR CYP1ALlinducibility
Kawagjiri (1995) AhR
CYP1Alinducibility Kawajiri
CYPl1Al1 Arnt Cao
(2000) Arnt codon 511 A to C mutation
Asn Asp Arnt

AhR Arnt
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() CYP1A1
CYP1A1

CYP1Al1

(PAHS) CYP1A1 mRNA
(McLemore et a., 1990 Anttila et al., 1991

Anttilaet al., 1992 Gazdar et a., 1997)

CYPIA1 (65%) 29%
CYP1A1 AhR
PAHs CYP1A1
AR
PAHs

CYP1A1l PAHs
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CYP1Al
AhR Arnt
CYP1A1 inducibility AhR Arnt
CYP1ALl inducibility AhR Arnt mutation
AhR Arnt
AhR Arnt CYPl1Al

PAH
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EXPRESSION OF ARYL HYDROCARBON RECEPTOR AND ARYL
HYDROCARBON RECEPTOR NUCLEAR TRANSLOCATOR IN HUMAN
LUNG CANCER

Y.-S. Liao’, C.-H. Tsai, J-T. Chen, H. Lee, and P. Lin®. Institute of
Toxicology and Department of Pathology, Chung-Shan Medical and Dental
College, Taichung, Taiwan, R.O.C.; Department of Pathology, V eterans General
Hospital-Taichung, Taiwan, R.O.C.

Lung cancer is the leading and the second-leading cause of cancer deaths
among women and men, respectively, in Taiwan. Cytochrome P4501A1
(CYP1A1) isinvolved in the bioactivation of polycyclic aromatic hydrocarbons
(PAH). In addition, CYP1A1l gene expression is inducible by PAH.
According to epidemiological studies, CYP1A1 inducibility is considered to be
important with regard to individual susceptibility to lung cancer. It is
well-known that CYP1A1 gene induction is mediated through
ligand-dependent heterodimerization between aryl hydrocarbon receptor (AhR)
and aryl hydrocarbon receptor nuclear translocator (Arnt). In the present
study, we examined the expression levels of AhR and Arnt in 55 lung
adenocarcinona and squamous cell carcinoma tissues with the
immunohistochemical staining method. We found that AhR and Arnt were
respectively localized in the cytosol and nuclel of the epithelial cells in lung
tumor tissues. The AhR expression level was significantly higher in female
than in male lung tumors (P=0.0005). Furthermore, the AhR expression level
Is higher in adenocarcinoma than in squamous cell carcinoma (P=0.005). No
significant difference in the Arnt expression level was found between different
genders and pathological types. However, among lung adenocarcinoma the
Arnt expression level was higher in females than in males (P=0.034). These
findings suggest that AhR and Arnt may play a role in Taiwanese female lung
adenocarcinoma.
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