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Abstract

The objective of this project is to evaluate the role of

AhR in susceptibility to lung cancer in Taiwan. We

have examined AhR, Amnt, CYP1Al and CYP1BlI
expression in human lung-tumor tissues using V 7
immunohistochemistry method. B[aJP DNA adducts
were measured with ELISA.  AhR mRNA levels in

tumors versus non-tumor tissues were measured with

AhR,
Arnt, CYP1A1 and CYP1B1 were mainiy found in

the quantitative real-time RT-PCR assay.

the bronchiolar epithelium and neoplasm. AhR,
CYP1AI and CyplB] staining were located in the
cytosol, irrespective of Arnt in the nuclei of epithelial
cells. AhR, CYP1Al and CYP1BI
immmunostaining was more intense in
adenocarcinoma (AD) than in squamous cell
carcinoma (SQ). CYP1B1 levels correlated with
AbR levels in lung tumors. CYP1Al and Bla]P
DNA adducts positively correlated with AhR levels in
AD of nonsmokers. Furthermore, AhR protein
expression was higher in AD than in adjacent
bronchial epithelial cells.
expression was also detected at the mRNA levels with
Our data
indicate that AhR was overexpressed in lung AD and
suggest that AhR should play a role in B[a]P adduct

formation, CYP1A1 and CYP1BI1 expression in

The increase in AhR

the quantitative real-time RT-PCR assay.

nonsmokers who developed lung adenocarcinoma.
We also compared AhR gene expression in peripheral
lymphocytes from Iung cancer patients and control
subjects with the real-time RT-PCR assay. No
significant difference was found between two groups.
Therefore, AhR expression was not the susceptibility

factor for lung cancer in Taiwan.
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Lung cancer is currently the leading and the
second-leading cause of cancer deaths among women
Taiwan  (1).

and respectively,  in

Epidemiological studies suggested that 80 to 90% of

men,

all cancers are probably related to environmental
factors, tobacco smoke or diet (2). Air-borne
pollutants, such as cigarette smoke, asbestos, and
polycyclic hydrocarbons (PAH), are

considered to be contributory factors in the

aromatic
development of lung cancer (2). Benzo[a]pyrene
(B[a]P), a major PAH in cigarette smoke (3) and a
prominent air-borne particulate in Taiwan (4), has
been shown to induce lung tumor development in

rodents (5, 6).

ABR is the prototypical member of the basic
helix-loop-helix/Per-Arnt-Sim class of transcription
factor (7). Ligands for AhR include PAH,
hydrocarbons

halogenated aromatic and plant

products such as indole carbinols. However, the
endogenous ligand for the AhR has not been

identified yet. The liganded AhR translocates to the

nuclei, heterodimerizes with AhR  nuclear
translocator and  subsequently  transactivates
downstream gene expression (8). Xenobiotic

metabolizing enzymes regulated by AhR, include
P4501A1 (CYP1Al), cytochrome
1B1 (CYP1BI),

cytochrome
P4501A2

oxidoreductase, glutathione s-transferase Ya subunit

and quinone

and UDP-glucuronosyltransferase (8). In animal
models, aryl hydrocarbon receptor (AhR) has been
shown to play a role in PAH-induced toxicity,
lymphoid involution,
hepatotoxicity, endocrine dysfunction, embryotoxicity

including wasting,

and carcinogenicity (9,10)

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD), a

halogenated aromatic hydrocarbon, is one of the most
potent AhR agonists. It has been reported that
AhR-deficient mice were found to be relatively
unaffected by TCDD even at doses 10 fold higher
than those which would cause severe toxic and
pathologic effect in mice with functional AhR (9).
Other study has also demonstrated that B[a]P failed to
induce carcinogenesis in AhR-deficient mice (11).
A recent study by Hayashi et a/ (12) indicated that
AhR mRNA was abundantly expressed in lung and
AhR activation may be related to TCDD-induced
bronchial metaplasia and hyperplasia in the lung (13).
All these studies strongly suggested that AhR plays
an important role in PAH-induced carcinogenesis.
However, the identification and localization of AhR
in the lung tissues as well as the AhR expression in
normal vs. cancer-bearing lung tissues remain to be

demonstrated and evaluated.

In this project we examined AhR expression in lung
tumors and peripheral lymphocytes from lung cancer
patients. AhR expression in lung tumors was
compared with B[a]P DNA adducts, CYP1A1l and
CYPIBI1 expression. AhR expression in peripheral
lymphocytes was compared between lung cancer

patients and control subjects.
ZEREHR

CYPIAI expression in lung cancer Hssues
CYPIAI expression was detected in 55 lung tumor
tissue samples. The CYPIAl immunostaining was
mainly localized in the cytoplasm of bronchial epithelial
cells and neoplastic cells. Type II alveolar epithelial
cells were also stained in a few cases. As with AhR
immunostaining intensity grading, we classified tumor
cells as high or low CYP1Al. The relationship
between CYP1A1 expression levels, age, smoking status
and histology was examined. As shown In Table I,

high CYP1A1 expression was detected more frequently



in adenocarcinomas (65%, 22/34) than in squamous cell
carcinomas (29%, 6/21, p = 0.013).
was not associated with CYP1Al expression levels

(Table D).

Smoking status

Correlation between AhR, Arnt, and CYPIAI in
adenocarcinomas A total of sixty patients were

recruited in this study. However, not every
specimen was enough to be examined for three
proteins, AhR, Arnt, and CYP1Al. AR expression

levels and locations were examined
immunohistochemically in the adenocarcinoma (n =
34) and squamous cell carcinoma (n = 21) specimens.
AhR protein is found mainly in the bronchiolar
epithelium and neoplasm. In bronchiolar epithelial
cells and neoplastic cells the staining located in the
cytoplasm was of grade-l1 or -2 intensity.
Immunopositive staining corresponding to grade-2
intensity was also seen among smooth muscle cells.
Scattered weak reactivity was observed in type-II
alveolar epithelial cells, most of which was of grade-1
intensity. Examination of endothelial cells and
fibroblasts yielded negative results. One tissue
section contained adenocarcinoma and squamous cell
carcinoma morphological characters. In it, intensive
staining (of grade-3 intensity) was observed in
adenocarcinoma area, however, weak staining (of
grade-1 intensity) was observed in the nonneoplastic
bronchial epithelial and cell

cells squamous

carcinoma. We classified tumor cells showing
grade-2 or -3 intensity as high expressers of AhR.
AhR expression levels to be significantly associated
with histology (p = 0.013). Diffuse and significantly

higher AhR expressions were frequently detected in

65% of the adenocarcinoma samples (22/44) (Table I).

Smoking behavior was not associated with AhR
expression levels. Arnt expression was examined in
54 lung tumor tissues and 5 non-tumor lung tissues

(including 3 tuberculosis, 1 emphysema and 1

interstitial lung disease samples). Nuclear

Arnt

predominantly in bronchiolar epithelial cells and

immunostaining  of proteins  occurred

neoplastic cells. Occasional immunoreactivity was
observed in stromal cells and type II alveolar
epithelial cells. Results from endothelial cells and
smooth muscle cells were negative. Grade-1 Arnt
protein levels were detected in all five non-tumor
lung specimens. Among lung-tumor tissues grade-0
and grade-1 expression were categorized as low Arnt,
and grade-2 as high Arnt for statistical analysis.
The relationship between Arnt expression levels, age,
smoking behavior and histology was examined. No
association was found between Arnt and these factors
(Table I).
AhR and Arnt.

AhR and CYPlA1l expression levels were high in

CYPIAI gene expression is regulated by
Furthermore, our data showed that
adenocarcinomas (Tables I). Thus, we examined the
correlations between these protein levels among
AhR, Amt, and CYPlAl

expression levels were determined in 49 lung tumor

adenocarcinomas.

tissues, 31 of them adenocarcinoma samples (Table
II). We found that AhR expression was borderlinely
correlated with CYPIAL

adenocarcinomas (p = 0.056).

expression in the
After stratification
according to smoking behavior, AhR expression was
significantly correlated with CYP1A1l expression in
the non-smoker adenocarcinomas (p = 0.004).
However, Arnt expression was not correlated with
CYP1Al

correlations among AhR, Amt,

in adenocarcinomas. No
and CYPIlAl

expression

expression levels were found in squamous cell

carcinomas.

The correlation of B[a]P DNA adduct and AhR
expression in lung tumors. B[a]P DNA adduct and
AhR expression were measured in 79 lung tumors.
Overall, B[a]P DNA adducts were not correlated with

AhR expression levels (data not shown). When



subjects were stratified by smoking status and
histological types, we found that B[a]P DNA adduct
levels were positively correlated with AhR expression

levels. (Table III).

Correlation of AhR and CYP1B1 expression in lung
tumors. CYP1B1 protein was measured with
immunohistostaining too. We classified neoplastic
cells showing grade-2 or -3 anti-AhR
immunnostaining intensity as high expressers of AhR
and cells showing CYP1B1 immunostaining as
CYPIB! “positive”. CYP1B1 and AhR protein
expression was examined in 89 specimens (Table IV).
We found that AhR and CYP1BI1 levels were

positively correlated (p = 0.001).

AhR expression in lung cells. AhR mRNA levels in
the seven lung cancer cell lines and human bronchial
cell lines BEAS-2B were quantified with the
quantitative real-time RT-PCR assay. 4hR mRNA
levels were higher in AD cells (H1355, CL3 and CL5
cells) than in BEAS-2B and SQ cells (Calu-1, H226
and CH27 cells). AR protein expression in the
cytosol homogenates of these cell lines was also
examined using Western blot analysis. The
specificity of anti-AhR was confirmed by detecting a
single band of approximately 100-110 kDa protein in
the cytosol homogenates of mouse lung and H1355
cells. Consistent with AhR mRNA levels, AhR
protein was also found to be high in H1355, CL3 and

CLS cells.

Comparison of AhR expression in non-tumor lung
and lung tumors. AhR protein expression levels and
locations were examined with immunohistostaining
method in 10 non-tumor lung specimens (one from
fetal lung tissue and nine from normal adult lung

tissue) and 95 lung tumors. The immunoreactivity

of anti-AhR in these tissues is summarized in Table V.

In all of the specimens examined, high

immunostaining was primarily located in the cytosol

of bronchiolar epithelial cells. Other cell types, such
as bronchial epithelial cells, showed weak or no
In general, fetal tissue presented a

AhR is

staining activity.
weaker AhR staining than adult tissues.
highly expressed in small cell lung cancers and AD.
Furthermore, high expression of AhR was more
common in AD (42 of 54) than in SQ (16 of 31)
(p<0.05).

To understand whether this discrepancy occurred
between tumor and non-tumor areas of the same
specimens, AhR immunostaining intensity was
examined in AD and SQ. As shown in Table VI,
AhR expression in neoplastic cells was increased
among 26 out of 85 (30.6%) specimens. Of these,
increased expression of AhR was more common in
AD (42.6%, 23/54) than in SQ (9.7%, 3/31) (p<0.01).
Overexpression of AhR in these specimens was
quantified and confirmed by the image analysis
system Image Pro Plus (data not shown). Gender
and smoking status have no significant effect on the
increase of AhR (Table VI).
AhR mRNA were quantified in 4 specimens and their

The relative levels of

paired control tissues devoid of cancer cells with the
quantitative real-time RT-PCR assay. The data were
calculated and presented according to the method
described in Materials and Methods. AhR mRNA
levels in 2 of 4 lung tumors were increased to
approximately two fold of the levels in the paired
non-tumor tissues (Table VII). This result further

confirmed the increase of AhR expression in tumors.

Comparison of AhR gene expression in peripheral
lymphocytes from lung cancer patients and control
subjects. A total of 44 lung cancer patients and 59
non-cancer subjects were recruited in this study.

The average age was greater in the patient group than
in the control group. The proportion of males was
significantly higher in the patient group than in the

control group. Cigarette smoking was more



common in the patient group than in the control A - 2R

oup. We further evaluated the association between
group 1. Department of Health, the Executive Yuan: 1997

Republic of China: General Health Statistics.
Health and Vital Statistics, Republic of China.
R.O.C. Press Taipei, 1998, pp. 82-89.

AhR expression and lung cancer risk with the logistic
regression analysis. Gene expression levels were
stratified into high versus low expressers. As shown
in Table VIII, elders and smokers were significantly

at higher risk of lung cancer.  After age, smoking 2. Weinstein IB, Santella RM, Perera FP:

status and gender were controlled in the analysis, Molecular  Biology and Epidemiology of
Cancer. Cancer Prevention and Control. Edited
by Greenwald P, Kramer BS, Weed DL. New

York, Marcel-Dekker, 1995, pp. 83-110.

AhR expression was not associated with lung cancer
risk (Table VIII).
Conclusions

3. Hoffman D, Hecht SS: Advances in Tobacco
1. AhR, CYP1Al and CYPI1BI protein levels were

significantly higher in AD than in SQ.

Carcinogenesis. Handbook of Experimental

Pharmacology. Edited by Cooper CS, Grover

2. Bfa]P DNA adduct levels positively correlated PL. Heidelberg, Springer-Verlag, Vol. 94/1
with AR levels in adenocarcinomas from 1990, pp. 63-102
nonsmokers.

) ) 4. Kuo C-Y, Chen C-Y, Cheng Y-W, Lee H:
3. AhR protein levels were positively correlated

with CYP1B]1 levels in lung tumors.

Correlation between the amounts of polycyclic

aromatic hydrocarbons and mutagenicity of
Nevertheless, the correlation between AhR and

CYPI1A1 was only observed in AD of

airborne particulate samples from Taichung

city, Taiwan. Environ Res 1998, 78: 43-49.
nonsmokers.

4. Amnt levels were not associated with the levels of 5. Deutsch-Wenzel RP, Brune H, Grimmer G,

AhR, CYPIAL, and CYPIBI in lung tumors. Dettbarn G, Misfeld J: Experimental studies in
rat lungs on the carcinogenicity and

5. AhR protein and mRNA levels were higher in )
dose-response relationships of eight frequently

tumors than in non-tumor tissues. . .
occurring environmental polycyclic aromatic
hydrocarbons. J Natl Cancer Inst 1983, 71:

539-44.

These data suggest that AhR was up-regulated during
lung carcinogenesis, especially in AD.  AhR

expression was responsible for CYP1A1 and CYPIB1
6. Iwagawa M, Maeda T, Izumi K, Otsuka H,

Nishifuji K, Ohnishi Y, Aoki S: Comparative
dose-response study on the pulmonary

expression, and B[a]P DNA adducts formation in AD
of nonsmokers. Therefore, AhR may play a role in
the development of lung adenocarcinoma in

nonsmokers. carcinogenicity of 1,6-dinitropyrene and

R R S

benzo[a]pyrene in F334 rats. Carcinogenesis
1989, 10: 1285-1290.
A3t 320 5 K s R 2.4 Toxicologic Pathology #7
7. Whitlock Jr JP: Induction of cytochrome
Sk L da , suiA ¥ # ! 20% 34
1R X MHUERAENTINE ° P4501A1. Ann Rev Pharmacol Toxicol 1999,
1| g A £y A
M, %4 B ATEAEE K165 data A B 4 39: 103-125.
HEESCI % -



8. Rowlands JC, Gustafsson J-K: Arnl

hydrocarbon receptor-mediated signal
transduction. Crit Rev Toxicol 1997, 27:
109-134.

9. Fernandez-Salguero PM, Hilbert DM, Rudikoff
S, Ward JM, Gonzalez FJ: Aryl-hydrocarbon
receptor-deficient mice are resistant to

2,3,7,8-tetrachlorodibenzo-p-dioxin-induced

toxicity. Toxicol Appl Pharmacol 1996, 140:

173-179.

10. Nebert DW: The Ah locus: genetic differences
in toxicity, cancer, mutation, and birth defects.
Toxicology 1989, 20: 153-174.33.

11. Shimizu Y, Nakatsuru Y, Ichinose M,
Takahashi Y, Kume H, Mimura J,
Fujii-Kuriyama Y, Ishikawa T: Benzo[a]pyrene
carcinogenicity is lost in mice lacking the aryl
hydrocarbon PNAS 2000, 97:
779-782.

receptor.

12. Hayashi S-1, Watanabe J, Nakachi K, Eguchi H,
Gotoh O, Kawajiri K: Interindividual
difference in expression of human Ah receptor
and related P450 genes. Carcinogenesis 1994,
15: 801-806.

13. Tritscher AM, Mahler J, Portier CJ, Lucier GW,

Walker NJ: Induction of lung lesions in female

Table II. Correlation between AhR, Arnt and CYP1A1 expression in adenocarcinom:

Ahr Arnt
Low High  P-value Low High  P-value
0.056 1.000
Low CYP1Al 7 4 3 8
High CYP1A] 5 15 5 15
Non-smoker 0.004 1.0000
Low CYPlAl 5 1 2 4
High CYP1A1l 2 14 5 11
Smoker 0.524 1.000
Low CYP1Al 2 3 1 4
High CYP1A1l 3 ) 0 4

rats following chronic exposure to
2.3,7,8-tetrachlorodibenzo-p-dioxin.  Toxicol
Pathol 2000, 28: 761-769.
Table I ARR - Amt - CYP 1Al expression in lung tumors
AhR AhR CYPIAL
~ Low High p-valve Low  High p-value ~ Low _ High p-value
Number of cases 27 28 19 35 27 28
Somoking bebavior 0.054 0257 0.171
Smoker 14 7 S 15 13 8
Non-smoker 13 21 14 20 14 20
Histology 0013 0.139 0013
Adenocarcinnoma 12 22 9 25 12 22
Squamous cell 15 6 10 10 15 6

carcinoma

Table I1I. Correlation between AhR expression and PAH-DNA adduct among

nonsmaking adenocarcinamas

AhR expression  PAH-DNA adduct P value’
Low High
Low 1 12
0037
High 3 15

TablelV. The comrelation between AhR and C Y P 1 A 1 expression in lung tumors

CYPIBI AhR P
Low High

- 20 27 0.001

+ 5 37

Table V .AhR expression in human lung as well as lung tumor tissues
Immunostaining intensity

n° Low High
Normal lung tissues
Bronchial 4 3 1
Bronchiolar 8 2 6
Type lor Type 2 pneumocyte 9 9 0
Smooth muscle cell of vessol 9 9 0
Fetal bronchial 1 1 0
Lung cancer
scLc’ 4 1 3
NCLC
AD? 54 12 427
sQ* 31 15 16
Large cell 4 4 0
Adenosquamous 2 1 1

a n represented the case numbers

b SCLC represented small cell lung cancer

¢ NSCLC represented non-small cell cancers

d AD represented squamous cell

e SQ represented squamous cell

f AhR expression was significantly higher in AD than in SQ



Table VI .Increased AhR expression mAD and SQ

AhR
o (%ol overexpression)

Total 85 26(30.6%)
Sex

Male 54 14(25.9%)

Female 31 12(38.7%)
Histology

AD 54 23(42.6%)

SQ 31 3(9.7%)
Smoking atatus’

Smoker 20 4(20.0%)

Non-smoker 61 21(34.4%)

a Represented the case numbers

b Reprsented the case numbers of AhR overexpression

¢ Ahr overexpression was more common in AD than SQ (Fisher's exact, p<0.01)
d Information of cigarette smoking status was not available for four patients

Table VII. AhR mRNA levels in paured tumor versus non-tumor tissues

Patienrumber Tissue types ARGy B-actin C” AhR in tumors relative to
nor-tumor tissues
(Mean + SD) (Mean + SD)
(@259

3 Tumor 21.01+0.61680+0.10
Nontumor  33.90+04:29.53+0.71 112

4 Tumor 24574062123 +1.12
Nortumor  27.18+0.1.2267+0.16 223

11 Tumor 27.68+0.4:23.10+0.08
Nortumor ~ 23.40+0.1' 1871 £0.12 1.07

22 Tumor 2691+0.1:12467+023
Nontumor ~ 22.07+0.0:18.57+0.22 2.39

The mRNA levels were determined with the quantitative real-time RT-PCR assay

Table VI Logistic regressi lysis of 4hR expression for lung cancer risk.
Factors n’ (patients / controls ) OR (95% CLY
Age 44/59 1.11 (1.05-1.19F
Smoking
No 22/48 1.00
Yes 2/11 329 (1.07-10.11)°
Gender
Mae 32/30 1.00
Female 12/29 132(0.46-3.82)
AHR expression levels
Low 21/31 1.00
High 23/28 1.02 (0.54-1.93)
¢ Subject mumbers
* OR, odds ratio ; 95% C.I., 95% confidence interval
‘P <005



