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Summary It has been shown that cytochrome P4501B1 (CYP1B1) is over-expressed in
variety of tumors. The objective of this study was to examine the expression and lo-
calization of CYP1B1 in normal lungs and tumor tissues of non-small cell lung cancers
(NSCLC). CYP1B1 was detectable in the microsomes of normal lungs and lung tumors
with Western immunoblotting. Utilizing immunohistochemical staining, we found that
CYP1B1 was constitutively expressed in the cytoplasm of smooth muscle cells, but not
in pneumocytes. Bronchiolar epithelia from three out of 19 normal lungs expressed
CYP1B1. Among 89 NSCLC tumor tissues, more than 50% expressed CYP1B1. In ad-
dition, CYP1B1 expression was more common in adenocarcinomas than in squamous
cell carcinomas. Recently, we reported over-expression of aryl hydrocarbon recep-
tors (AhR) in lung adenocarcinomas. In the present study, we observed an association
between CYP1B1 and AhR expression in 89 NSCLC tumor tissues. These results sug-
gest that CYP1B1 overexpression in NSCLC is accompanied by up-regulation of AhR
expression.
© 2003 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Epidemiological studies have demonstrated that
exposure to environmental pollutants, such as
environmental tobacco smoke and other poly-
cyclic aromatic hydrocarbons (PAH) contaminated
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air, contributes to the development of lung can-
cers [1]. Metabolic activation is the first criti-
cal step for chemical carcinogen-associated lung
carcinogenesis. The cytochrome P450 family 1
is one of the major cytochrome P450 families
involved in xenobiotic metabolism. Cytochrome
P4501B1 (CYP1B1) is a recently identified mem-
ber of cytochrome P450 family 1 [2]. CYP1B1 is
involved in metabolic activation of some exoge-
nous and endogenous carcinogens, such as 17-�
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estradiol, 7,12-dimethylbenzo[a]anthracene and
1-nitropyrene [3—5]. For example, CYP1B1 hy-
drolyzes 17-� estradiol to 4-hydroxylated estradiol,
which is an animal carcinogen [6]. In addition,
CYP1B1 was mainly expressed in extrahepatic tis-
sues [2]. Utilizing an immunohistostaining method,
Murray et al. [7] demonstrated that CYP1B1 protein
was expressed in human lung tumors, but not in
non-tumor tissues. However, a recent study by Spi-
vack et al. [8] showed that CYP1B1 protein was de-
tectable in both lung tumors and non-tumor tissues
with Western immunoblotting. These results sug-
gest that CYP1B1 may be involved in the metabolic
activation of carcinogens in lungs. However, the lo-
calization of CYP1B1 in normal lungs is still unclear.

Cytochrome P450 is also involved in the metabo-
lism of anticancer drugs. The consequence of
metabolism results in either inactivation or activa-
tion of anticancer drugs. CYP1B1 protein is over-
expressed in various human malignant tumors,
such as cancers of the breast, colon, lung, esoph-
agus, skin, lymph node, brain and testis [7]. Later,
McFadyen et al. [9] demonstrated that CYP1B1-
overexpressed cells became more resistant to doc-
etaxel. Docetaxel is used as the first and second line
treatment for non-small cell lung cancers (NSCLC)
[10]. Therefore, CYP1B1 was also implicated in the
resistance to anticancer drugs.

Human lung cancers are highly heterogenous and
differ by histological types. Adenocarcinoma (AD)
and squamous cell carcinoma (SQ) are classified as
NSCLC. In Taiwan, more than 80% of lung tumors
are either AD or SQ [11]. Recently, we showed
that a high expression of aryl hydrocarbon recep-
tors (AhR) was more common in lung AD than in
SQ [12]. Several studies suggested that AhR regu-
lates CYP1B1 gene expression [13,14]. Therefore,
CYP1B1 expression may be higher in lung AD than
in SQ. On the other hand, cigarette smoke acti-
vated the AhR and increased the CYP1A1 expres-
sion in animal studies [15]. Thus, it is possible that
CYP1B1 expression may be higher in smokers than
in non-smokers. However, SQ was more strongly
associated with cigarette smoking than AD [16] and
AhR expression was similar in lung tumors from
smokers and non-smokers [12]. Therefore, it is un-
clear how histological types, cigarette smoking,
and AhR expression may affect CYP1B1 expression
in lung tumors.

In the present study, we examined CYP1B1 ex-
pression in a larger numbers of NSCLC tumor tissues,
a total of 89 lung AD and SQ, with the immunohis-
tostaining method. The expression and localization
of CYP1B1 in normal lungs was also studied with
Western immunoblotting and immunohistostaining.
Finally, we evaluated the correlation between AhR

and CYP1B1 expression in lung tumors. We believe
that the results of the present investigation offer
information about CYP1B1 expression in lung can-
cers and its mechanism.

2. Materials and methods

2.1. Patient samples

A panel of 89 primary lung cancer specimens, in-
cluding 59 AD and 30 SQ, were examined in the
present study. Tumor types were classified accord-
ing to 1999WHO classification [17]. TNM staging was
used [18]. There were, respectively, 36, 16, 31 and
6 patients in Stages I—IV. Neither chemotherapy nor
radiation therapy was performed before operation
for these patients. The ages of 89 patients ranged
from 33 to 84-year-old, including 48 males and 41
females. Among them, 19 are current smokers, 7
former smokers and 63 non-smokers. We classified
current smokers and former smokers as ever smok-
ers. All specimens were obtained from patients un-
dergoing surgery for lung cancer. These specimens
were fixed in 10% neutral-buffered formalin and
embedded in paraffin. The other six fresh lung tu-
mors and paired non-tumor tissues were stored at
−20 ◦C immediately after operation and analyzed
with Western immunoblotting later. Twenty-three
normal lung tissues were obtained from patients
with spontaneous pneumothorax. Western im-
munoblotting was performed on four and immuno-
chemical staining on 19. This project was approved
by the Human Subjects Committee in Chung Shan
Medical University Hospital, Taichung, Taiwan.

2.2. Tissues preparation for Western
immunoblotting

Lung tissues were stored at −20 ◦C after opera-
tion. To prepare whole tissue extracts, tissues were
ground in liquid nitrogen and directly extracted
with sample buffer for electrophoresis. To prepare
microsomes, grounded tissues were extracted with
20mM Tris, pH 7.4, 0.5mM NaCl, 1mM dithiothre-
itol, 10% glycerol, 50�g/ml leupeptin, 50�g/ml
aprotinin, 2.5�g/ml pepstatin A, 0.2mM phenyl-
methylsulfonyl fluoride and protease inhibitors
cocktail (Roche Applied Science, Mannheim, Ger-
many). Tissue homogenates were centrifuged at
10,000 × g, 4 ◦C, for 20min and then the super-
natant was further centrifuged at 100,000 × g
for 1 h. The microsome pellets were dissolved in
sample buffer for electrophoresis. Whole tissue
extracts and microsomes in sample buffer were
boiled, resolved by denaturing electrophoresis on
discontinuous polyacrylamide gel, electrotrans-
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ferred to PVDF membrane and immunostained with
CYP1B1 antibody (Gentest Corp., Woburn, MA; cat-
alog number A211). Bands were visualized with the
enhanced chemoluminescence kit according to the
manufacturer’s instructions (Amersham, Bucking-
hamshire, UK).

2.3. Immunohistochemistry

Immunohistochemical staining was performed on
formalin-fixed, paraffin-embedded lung tissue us-
ing the LSAB kit (DAKO, Glostrup, Denmark) and
the DAB-plus substrate kit (ZYMED, San Francisco,
CA). Tissue sections (4—5�m) were immersed in 3%
hydrogen peroxide for 15min to block endogenous
peroxidase activity, then microwaved in 0.01M cit-
rate buffer (pH 6.0) for 3 × 5min. After washing,
the sections were incubated at 4 ◦C overnight with
anti-AhR (90-fold dilution; from Biomol, Plymouth
Meeting, PA) or anti-CYP1B1 (1500-fold dilution;
from Gentest Corp., Woburn, MA; catalog number
A211) antibody and followed by a standard staining
procedure using the LSAB kit.

2.4. Evaluation of immunostaining

The immunointensity of vascular smooth mus-
cle cells, which showed consistently positive
anti-CYP1B1 immunostaining in each section ex-
amined, were defined as an internal positive con-
trol. Non-specific rabbit serum, instead of primary
antibody anti-CYP1B1, was used as the negative
control staining. The pattern in positively stained
cells revealed cytoplasmic staining. Neither nu-
clear nor membranous staining was identified.
CYP1B1 immunostaining in the tumor cells was
scored as negative (−) or positive (+). The positiv-
ity of anti-CYP1B1 immunostaining was determined
by three blinded examiners (performed by Chang,
Wu, and Lin). At least 100 cells were counted and
evaluated per specimen. If the majority of cells
showed similar or stronger intensity than smooth
muscle cells they were recorded as positive. Tissue
samples showing undetectable or weaker immunos-
taining intensity than those of smooth muscle cells
were scored as negative.

The AhR expression in lung tissues was mea-
sured with an AhR immunostaining technique as
previously described [12]. IHC scoring for AhR was
graded on a scale of 0—3. AhR staining intensity in
tumor cells was evaluated using reactions in smooth
muscle cells as internal, built-in controls and basal
cells of the prostate gland as an external control.
Tissue samples showing undetectable or negligible
expression were scored as Grade-0 intensity. Cells
showing similar intensity with smooth muscle cells

were recorded as Grade-1 intensity. When positive
reactions in cells were similar to those in prostate
basal cells, they were scored as Grade-2 intensity.
Cells showing significantly more intense staining
than prostate basal cells were recorded as Grade-3
intensity. Grades-0 and -1 were combined as low
expressers, and Grades-2 and -3 as higher ex-
pressers. In addition to visual evaluations by three
investigators, staining gradings for CYP1B1 and AhR
were also verified by the image analysis system Im-
age Pro Plus (Media Cybernetics Inc., Silver Spring,
MD). Statistical analysis: Pearson’s χ2-test was used
to examine the difference in CYP1B1 expression
between AD and SQ. The correlation between AhR,
and CYP1B1 expression levels were evaluated using
Pearson’s χ2-test too.

3. Results

The specificity of CYP1B1 antibodies used in our
study was confirmed with Western immunoblotting
(Fig. 1). The anti-CYP1B1 antibody detected one
single band of 52 kDa protein in human CYP1B1 ex-
pressed in insect cells (Gentest, Woburn, MA), in
microsomes of benzo[a]pyene-treated human lung
adencarcinoma cell line NCI-H1355, in homogenates
of human lung tumors, and in microsomes of hu-
man lung tumors (Fig. 1). These protein bands were
consistent with the known human CYP1B1 molecu-
lar weight.

CYP1B1 protein was detectable in microsomes
prepared from four normal human lungs with West-
ern immunoblotting (Fig. 2(A)). We further exam-
ined CYP1B1 protein in microsomes of six paired
lung tumors and non-tumor tissues those were ad-
jacent to tumors. As shown in Fig. 2(B), CYP1B1
protein was abundant in all tumors and non-tumor
tissues.

Fig. 1 The specificity of CYP1B1 antibodies. (Lane 1)
Microsomes of human CYP1B1 expressed in insect cells
(Gentest, Woburn, MA); (lane 2) microsomes of 10�M
benzo[a]pyrene-treated H1355 cells; (lane 3) whole tis-
sue homogenates of lung tumors; and (lane 4) microsomes
of lung tumors were electrophoresed, and Western im-
munoblotted with anti-CYP1B1 as described in Section 2.
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Fig. 2 Western immunoblotting of CYP1B1 in non-tumor and tumor lung tissues. Microsomes of: (A) normal lungs; (B)
lung tumors (t) and paired non-tumor tissues (n) were prepared and examined for CYP1B1 expression with Western
immunoblotting as previously described in Section 2.

CYP1B1 protein expression levels and locations
were examined with the immunohistostaining
method in 19 normal lung tissues and 89 tumor tis-
sues of NSCLC. In normal lung tissues, CYP1B1 pro-
tein was consistently expressed in the cytoplasm
of smooth muscle cells under the bronchiolar walls
and blood vessels. Compared to smooth muscle

Fig. 3 CYP1B1 immunostaining microphotographs of normal lung tissues and lung tumors. Tissue sections were
stained with anti-AhR and the reactivity was visualized as brown color by DAB as described in Section 2. (A) The
(arrow) bronchiolar epithelial cells showed (arrow head) weaker cytoplasmic immunostaining than smooth muscle
cells (scale: bar = 25�m). (B) Negative CYP1B1 immunostaining occurred in pneumocytes (scale: bar = 12.5�m). (C)
Lung adenocarcinoma was stained with anti-CYP1B1 (scale: bar = 25�m). (D) Lung adenocarcinoma was stained with
non-specific rabbit serum as a negative control (scale: bar = 25�m).

cells under the bronchiolar walls, the bronchiolar
epithelia of most specimens revealed negative or
weak immunostaining intensity (Fig. 3(A)). Type I or
Type II pneumocytes showed no immunoreactivity
(Fig. 3B). Anti-CYP1B1 showed specific staining in
the cytoplasm of AD cells (Fig. 3(C)). Non-specific
reactions were not observed in the negative control
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Table 1 CYP1B1 expression in human normal lung
as well as non-small cell lung cancersa

CYP1B1 expression

nb − +
Normal lung tissues

Bronchiolar epithelium 19 16 3
Type I or Type II

pneumocyte
19 19 0

Smooth muscle cells of
bronchiolar walls and
vessels

19 0 19

Non-small cell lung cancers 89 47 42c

a CYP1B1 expression was determined with immunohis-
tochemical staining.
b n, The case numbers.
c CYP1B1 expression was more common in non-small
cell lung cancers than in bronchiolar epitheliums
(χ2-test, P < 0.05).

using a serial section (Fig. 3(D)). The immunore-
activity of anti-CYP1B1 in tissues was summarized
in Table 1. The prevalence of anti-CYP1B1 im-
munoreaction was low (15.8%) in bronchiolar ep-
ithelia. In addition, CYP1B1 was not detected in
pneumocytes. However, 42 of 89 (47.2%) NSCLC
showed positive CYP1B1 immunoreactivity. These
included 34 AD and 8 SQ. Thus, CYP1B1 expression
was more common in NSCLC than in bronchiolar
epithelia (P < 0.05). CYP1B1 expression in NSCLC

Table 2 CYP1B1 expression in relation to gender,
histology and smoking behavior in non-small cell lung
cancersa

nb CYP1B1 Pe

− +
Number of cases 89 47 42
Gender

Male 48 27 21 0.482
Female 41 20 21

Histology
ADc 59 25 34 0.006
SQd 30 22 8

Smoking behavior
Ever smoker 26 18 8 0.046
Non-smoker 63 29 34

a CYP1B1 expression was determined with immunohis-
tochemical staining.
b n, Specimen numbers.
c AD represented adenocarcinoma.
d SQ represented squamous cell carcinoma.
e P-value after Pearson χ2 analysis.

Table 3 Correlation between CYP1B1 and AhR ex-
pression in lung cancersa

AhR rb

Low High

CYP1B1
− 20 27 0.59c

+ 5 37 0.59c

a CYP1B1 and AhR expression was determined with im-
munohistochemical staining.
b Spearman rank correlation coefficients.
c P < 0.001.

was not differed by gender (Table 2). After strat-
ification by histology, more than 50% (34/59) of
AD expressed CYP1B1 protein (Table 2). Further-
more, CYP1B1 expression was more common in
AD than in SQ (P < 0.05). Similarly, CYP1B1 ex-
pression was more common in non-smokers than
in ever smokers (P < 0.05). Among ever smokers,
the prevalence of CYP1B1 expression was similar
between current and former smokers (data not
shown).

The AhR immunostaining assay in this study
was an extension from our previous study. Some
of these specimens were immunostained with
anti-AhR in our previous study. Among 89 tumor
tissues of NSCLC, 64 expressed high levels of
AhR protein (Table 3). More than 50% (37/64) of
high AhR expressers were CYP1B1 positive. Sim-
ilarly, the majority of AhR low expressers (80%,
20/25) were CYP1B1 negative. Data from statisti-
cal analysis showed that CYP1B1 expression pos-
itively correlated with AhR expression in NSCLC
(P < 0.001).

4. Discussion

The objective of this study was to examine the
expression and localization of CYP1B1 in normal
lungs and tumor tissues of NSCLC. In normal lungs,
CYP1B1 was expressed in the cytoplasm of smooth
muscle cells, but weakly expressed in bronchio-
lar epithelial cells. CYP1B1 also expressed in the
cytoplasm of tumor cells. Therefore, our data
are consistent with Murray et al.’s results [7]
that CYP1B1 over-expressed in lung tumor cells.
The more important finding in our study was that
CYP1B1 expression was more common in AD than
in SQ. It is plausible to develop anticancer drugs
those are metabolically activated by CYP1B1.
CYP1B1-activated drugs will be specific to tumor
cells, especially AD.
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Shehin et al. [14] have demonstrated that the
dioxin response elements in the enhancer region
of CYP1B1 were responsible for the constitutive
and induced expression of CYP1B1. Previously, we
reported that AhR was over-expressed in lung tu-
mors and its expression was more prevalent in
lung AD than SQ [12]. We also demonstrated that
benzo[a]pyene, a carcinogenic components found
in cigarette smoke, activated AhR and increased
CYP1B1 expression in lung cancer cell lines [19].
On the other hand, a study by Spivack et al. [8]
reported that CYP1B1 was elevated in human lung
cancer patients who were active smokers. Spivack
et al.’s [8] finding suggested that cigarette smoke
might induce CYP1B1 expression in lung tumors. In
the present study, we showed that CYP1B1 expres-
sion correlated well with AhR expression in lung
tumors. However, CYP1B1 expression was more
common in non-smokers than in ever smokers. This
discrepancy may rest on the duration between ac-
tive smoking and sampling of the tissues. Our sam-
ples were obtained from smokers who probably had
ceased smoking for a considerable period of time
before lung tissues were obtained during surgery (in
Taiwan, all patients with lung cancers are advised
to cease cigarette smoking from time of diagnosis).
The cessation of active smoking may lessen the in-
fluence of cigarette smoke on CYP1B1 expression as
claimed by Spivack et al. [8]. These data strongly
suggest that CYP1B1 expression in lung tumor cells
is accompanied by up-regulation of AhR expression,
but not by exposure to cigarette smoke in these
specimens.

Our analyses on the interrelationship between
the AhR and CYP1B1 expressions revealed a very
interesting and important phenomenon. Our data
showed that 88.1% (37/42) of the positive CYP1B1
expression was associated with an elevated AhR
expression and 80.0% (20/25) of the specimens
with low AhR expression were also CYP1B1 nega-
tive. However, our study also showed that a re-
verse relationship did not occur. That is, tumors
with an up-regulation of AhR were not necessar-
ily accompanied by an elevation of CYP1B1 (only
37/64). These findings indicate that the causal
relationship between AhR and CYP1B1 proteins
is a complex one. While CYP1B1 elevation may
depend on the status of AhR in the cells, other
‘‘factors’’ may also be involved in interlinking or
activating this process. That is, it is likely that
other factors may influence AhR activation and
the subsequent up-regulation of CYP1B1 in lung
tumors. AhR is a ligand-activated transcription
factor. However, endogenous ligands for AhR have
not yet been identified. Recently, Song et al. [20]
isolated an AhR ligands from porcine lungs. It is

possible that AhR activation by endogenous lig-
ands is required for the constitutive expression
of CYP1B1 in lungs. Thus, the mere presence or
elevation of AhR alone will not necessarily re-
sult in an elevation or induction of CYP1B1 in the
cells.

It is well-recognized that AhR regulates CYP1A1
gene expression. Our previous study have reported
that mRNA levels of CYP1A1 and CYP1B1 were si-
multaneously increased by B[a]P in human lung can-
cer cells [19]. This observation was later confirmed
by Mollerup et al. [21] in TCDD-treated bronchial
epithelial cells [22]. CYP1A1 expression in lung tu-
mors has been reported by Anttila et al. [22] and
Saarikoski et al. [23]. Both of these investigators re-
ported that both CYP1A1 mRNA and protein expres-
sion were more intense in peripheral AD than in SQ.
Compared to our data, it is likely that overexpres-
sion of AhR simultaneously up-regulates CYP1A1 and
CYP1B1 in lung AD.

Previous studies reported contradictory results
for CYP1B1 expression in normal lungs. Our data
indicated that this inconsistency might result from
the difference in techniques. Consistent with the
study by Murray et al. [7], utilizing immunohis-
tostaining method we confirmed that CYP1B1 was
barely detectable in the bronchiolar cells of nor-
mal lungs. However, CYP1B1 protein was abundant
in microsomes prepared from non-tumor lungs de-
tected with Western immunoblotting. Lung tissues
contain a variety of cell types, such as epithelial
cells, smooth muscle cells, pneumocytes and stro-
mal cells. It is likely that CYP1B1 protein detected
in tissue microsomes mainly comes from smooth
muscle cells.

Some studies have shown that CYP1B1 expression
and polymorphisms are associated with breast can-
cer risk [12,24,25]. The association was explained
by the ability of CYP1B1 to convert 17�-estradiol
into carcinogenic metabolites [26]. However, our
study and the study by Spivack et al. [8] did not de-
tect any gender difference in CYP1B1 expression.
CYP1B1 also metabolically activates polycyclic
aromatic hydrocarbons [3]. In our present study,
however, we failed to observe an association be-
tween CYP1B1 expression in tumors and history of
cigarette smoking in patients. Thus, further inves-
tigations are needed to define the contribution of
CYP1B1 to lung carcinogenesis.

In the present study, we demonstrated that
CYP1B1 is prevalently expressed in lung AD. This
finding inspires us to explore the possibility of
CYP1B1 as a diagnosis biomarker for lung AD in the
future. In addition, targeting CYP1B1 will be a po-
tential method for the design of anticancer drugs
for lung AD in the future.



CYP1B1 and AhR expression in NSCLC tumor tissues 261

Acknowledgements

We would like to thank Dr. H. Lee for his help in
collecting specimens. This work was supported in
part by the National Science Council of the ROC
under Grant number NSC 91-2320-B-040-033 as well
as a grant from Phillip Morris USA Inc.

References

[1] Osann KE. Epidemiology of lung cancer. Curr Opin Pulm
Med 1998;4:198—204.

[2] Murray GI, Melvin WT, Greenlee WF, Burke MD. Regulation,
function, and tissue-specific expression of cytochrome
P450 CYP1B1. Annu Rev Pharmacol Toxicol 2001;41:297—
316.

[3] Shimada T, Hayes CL, Yamazaki H, Amin S, Hecht SS,
Guengerich FP, Sutter TR. Activation of chemically diverse
procarcinogens by human cytochrome P-450 1B1. Cancer
Res 1996;56:2979—84.

[4] Cavalieri E, Frenkel K, Liehr JG, Rogan E, Roy D. Estrogens
as endogenous genotoxic agents–—DNA adducts and muta-
tions. J Natl Cancer Inst Monogr 2000;75—93.

[5] Hatanaka N, Yamazaki H, Oda Y, Guengerich FP,
Nakajima M, Yokoi T. Metabolic activation of carcinogenic
1-nitropyrene by human cytochrome P4501B1 in Salmonella
typhimurium strain expressing an O-acetyltransferase in
SOS/umu assay. Mutat Res 2001;497:223—33.

[6] Liehr JG, Fang WF, Sirbasku DA, Ari-Ulubelen A. Carcino-
genicity of catechol estrogens in Syrian hamsters. J Steroid
Biochem 1986;24:353—6.

[7] Murray GI, Taylor MC, McFadyen MC, McKay JA, Greenlee
WF, Burke MD, Melvin WT. Tumor-specific expression of
cytochrome P450 CYP1B1. Cancer Res 1997;57:3026—31.

[8] Spivack SD, Hurteau GJ, Reilly AA, Aldous KM, Ding X,
Kaminsky LS. CYP1B1 expression in human lung. Drug Metab
Dispos 2001;29:916—22.

[9] McFadyen MC, McLeod HL, Jackson FC, Melvin WT, Doehmer
J, Murray GI. Cytochrome P450 CYP1B1 protein expression:
a novel mechanism of anticancer drug resistance. Biochem
Pharmacol 2001;62:207—12.

[10] Hong WK. The current status of docetaxel in solid tumors:
an M.D. Anderson Cancer Center Review. Oncology (Hunt-
ington) 2002;16:9—15.

[11] Department of Health tEY. 1997 Republic of China: General
Health Statistics. Taipei, ROC; 1998. p. 82—9.

[12] Lin P, Chang H, Tsai W-T, Wu M-H, Liao Y-S, Chen J-T, Su J-
M. Overexpression of aryl hydrocarbon receptor in human
lung carcinomas. Toxicol Pathol 2003;31:22—30.

[13] Kress S, Greenlee WF. Cell-specific regulation of human
CYP1A1 and CYP1B1 genes. Cancer Res 1997;57:1264—9.

[14] Shehin SE, Stephenson RO, Greenlee WF. Transcrip-
tional regulation of the human CYP1B1 gene: evidence
for involvement of an aryl hydrocarbon receptor re-
sponse element in constitutive expression. J Biol Chem
2000;275:6770—6.

[15] Gebremichael A, Tullis K, Denison MS, Cheek JM, Pinkerton
KE. Ah-receptor-dependent modulation of gene expression
by aged and diluted sidestream cigarette smoke. Toxicol
Appl Pharmacol 1996;141:76—83.

[16] Gazdar AF, Minna JD. Cigarettes, sex, and lung adenocar-
cinoma. J Natl Cancer Inst 1997;89:1563—5.

[17] Travis W, Colby T, Corrin Y, Shimosato Y, Brambilla E, edi-
tors. Histological typing of lung and pleural tumors, third
ed. New York: Springer; 1999. p. 1—72.

[18] Sobin L, Wittekind C, editors. TNM classification of ma-
lignant tumors, fifth ed. New York: Wiley; 1997. p. 93—
100.

[19] Chang KW, Lee H, Wang HJ, Chen SY, Lin P. Differential re-
sponse to benzo[a]pyrene in human lung adenocarcinoma
cell lines: the absence of aryl hydrocarbon receptor acti-
vation. Life Sci 1999;65:1339—49.

[20] Song J, Clagett-Dame M, Peterson RE, Hahn ME, Westler
WM, Sicinski RR, DeLuca HF. A ligand for the aryl hydrocar-
bon receptor isolated from lung. Proc Natl Acad Sci USA
2002;99:14694—9.

[21] Mollerup S, Ovrebo S, Haugen A. Lung carcinogenesis:
resveratrol modulates the expression of genes involved in
the metabolism of PAH in human bronchial epithelial cells.
Int J Cancer 2001;92:18—25.

[22] Anttila S, Hietanen E, Vainio H, Camus AM, Gelboin HV,
Park SS, Heikkila L, Karjalainen A, Bartsch H. Smoking and
peripheral type of cancer are related to high levels of
pulmonary cytochrome P4501A in lung cancer patients. Int
J Cancer 1991;47:681—5.

[23] Saarikoski ST, Husgafvel-Pursiainen K, Hirvonen A, Vainio
H, Gonzalez FJ, Anttila S. Localization of CYP1A1 mRNA
in human lung by in situ hybridization: comparison with
immunohistochemical findings. Int J Cancer 1998;77:33—9.

[24] Li D, Walcott FL, Chang P, Zhang W, Zhu J, Petrulis E,
Singletary SE, Sahin AA, Bondy ML. Genetic and environ-
mental determinants on tissue response to in vitro car-
cinogen exposure and risk of breast cancer. Cancer Res
2002;62:4566—70.

[25] Kristensen VN, Kure EH, Erikstein B, Harada N, Borresen-
Dale A. Genetic susceptibility and environmental estrogen-
like compounds. Mutat Res 2001;482:77—82.

[26] Hanna IH, Dawling S, Roodi N, Guengerich FP, Parl FF.
Cytochrome P4501B1 (CYP1B1) pharmacogenetics: associ-
ation of polymorphisms with functional differences in es-
trogen hydroxylation activity. Cancer Res 2000;60:3440—4.


	Association of aryl hydrocarbon receptor and cytochrome P4501B1 expressions in human non-small cell lung cancers
	Introduction
	Materials and methods
	Patient samples
	Tissues preparation for Western immunoblotting
	Immunohistochemistry
	Evaluation of immunostaining

	Results
	Discussion
	Acknowledgements
	References


