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RXBHE:

Lung cancer has been the leading cause of cancer deaths worldwide, and it
accounts for about 20% of total cancer deaths. The mortality rate of lung
cancer has also been the highest in Taiwan. Cigarette smoking is attributed to
about 90% of lung cancer. In Taiwan, about 30% of lung cancers are female
and more than 90% of them have never smoked. Among four types of lung
cancers (small cell carcinoma, large cell carcinoma, squamous cell carcinoma,
and adenocarcinoma) small cell carcinoma and squamous cell carcinoma are
strongly related with cigarette smoking, while adenocarcinoma and large cell
carcinoma are less strongly related with cigarette smoking. About 70% of
female lung cancers in Taiwan are adenocarcinoma. It is worth noting that the
incidence rate of male adenocarcinoma has been increased lately. In the past,
most of the lung cancer research is focused on smoking strongly related lung
cancers. The mechanism of developing lung adenocarcinoma in non-smokers

15 still unknown.

To study carcinogenesis of lung adenocarcinoma requires advance knowledge in
cell biology and molecular biology of lung cancers. Thus, the past few years
we focused on identifying genes that have differential expression levels between
lung adenocarcinoma and its adjacent normal counterpart. To reach the goal,
we established two subtractive cDNA libraries via suppressive subtractive
hybridization; one library contains enriched genes preferentially expressed in
lung adenocarcinoma and the other library contains enriched genes
prefereniially expressed in normal lung tissue. Since these subtractive cDNA
libraries were established through several rounds of PCR reaction, copy
numbers of each interested genes were amplified. We developed a differential
screening method not only to identify differentially expressed genes but also to
rule out the redundant copies of individual gene in the libraries.  After
sequencing analysis, the genomic information of few hundred clones was
obtained through database analyses and the redundant clones were eliminated.

To further identify candidate genes, we utilized the available databases (EST
4



database and SAGE database of NCBI, and microarray database:
hitp://61.218.37.60/cancer.html) to analyze the expression levels of each
differentially expressed gene among lung cancers and normal lung. About 40

candidate genes were selected as a result of these prior analyses.

These candidate genes showed significant differential expression levels between
lung cancers and their adjacent normal lung tissues from western lung cancer
patients. We do not know whether the expression patterns of these genes are
also significant among female tung adenocarcinomas in Taiwan. Dr. Chi-Yin
Huang (NHRI) performed valuable microarray analyses on a set of 20- female
lung adenocarcinomas and 5-male lung adenocarcinomas. With Dr. Huang’s
generous assistance, these candidate genes were further analyzed in their
microarray database, Among 36 genes analyzed in the NHRI microarray, 20 of
them showed significant differential expression patterns between lung cancers
and normal lung tissues and 7 genes were not on the analyzed chip. The rest of
clones selected from western database did not show significant differential
expression patterns among Taiwanese female lung cancers tested.  Genes that
were not analyzed in this set of chip were directly analyzed by RT-realtime PCR.
The number of identified candidate genes was far from we can handle in the
individual laboratory. Fortunately, several researchers were interested in some
of the genes and selected for further studies. Hopefully this study would have

fruitful results in the near future.

To study the biological function of these candidate genes, we used RNA
interference to knock down expression of target gene in cancer cell lines and
study the effect of RNAI on cell growth, survival, and invasion. We
constructed a vector prior any available commercialized vector that can stably
express ShRNA in cells.  The traditional method of constructing RNAi vector
for stable ShRNA expression in cell is using two long oligonucleotides (65 mers)

that encode full-length shRNA template. This method is straightforward



however long oligonucleotides requires large-scale synthesis and are relative
error-prone thus very costly. Since we plane to interfere candidate gene’s
function by RNAI, it is important to reduce the cost of generating each shRNA
template. Therefore, we developed an economic and efficient method for
cloning shRNA template. This method was published and has been performed
successfully by several laboratories. It would reduce the costs of
oligonucleotide synthesis and subsequent sequence analysis to 30% of the

regular costs.

We are vigorously studying biological functions of some candidate genes via
RNAI and overexpression experiments in cancer cell lines. In addition, we are
generating fusion proteins to inject rabbit for antibodies production.

Antibodies would allow us carrying out biochemical studies of these candidate

genes.
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Abstract

Sa-Dihydrotestosterone significantly increased cell growth of lung adenocarcinoma cell line H1355. Benzo[alpyrene (BaP) was s
pulmonary carcinogen found in cigarette smoke. Treatment with 1 pM BaP tremendously reduced constitutive androgen recepior {AR)
expression, as determined with Western immunoblotting and the real-time RT-PCR assay, as well as testosterone-induced AR protein levels
in H1355 cells. Similarly, 1 M BaP significantly reduced AR mRNA levels in human bronchial epithelial cells BEAS-2R. Although BaP,
2.3,7.8-tetrachlorodibenzo-p-dixin and polychlorinated biphenyl 126 activated ary! hydrocarbon receptor (AhR), which subsequently
induced cytochrome P450IAT (CYPIALY und P4501B) (CYPIB1) expression in H1355 cells, unexpectedly, neither TCDD nor PCB126
reduced AR expression. Antagonizing AhR zctivation and cytochrome P4301 activity with a-naphthofiavone, or inhibiting CYPIB1 activity
with 2.4,35'-tetramethoxystilbene, however, prevented BaP-induced AR reduction. Furthermore, 7.8-dihydro-9,10-epoxy-7,8,9,10-
tetrahydrobenzo[a}pyrene, a BaP carcinogenic metabolite catalyzed by CYPIAI and CYPIBI, significantly reduced AR expression in
H1355 cells and human lung tibroblasts W1-38. This was the first study that reports that BaP and BPDE reduced endogenous A X expression,
These data suggest that metabolically activated BaP may distupt androgen function by reducing AR levels in androgen-responsive organs.
@) 2004 Elsevier Inc. Ali rights reserved.

Kevwords: Androgen receptor; Benzo[a]pyrene; Cytochrome P4501A1; Cytochrome P4501B1; Lung cells

1. Introduction

Exposure to polycyclic aromatic hydrocarbons (PAH)-
contaminated air poliuzants has been associated with the
occurrence of pulmonary diseases [1]. Benzo[alpyrene
(BaP), found in cigarette smoke and air pollutants, is
one of the most widely studied PAH [2,3]. It is well
recognized that BaP activates the aryl hydrocarbon recep-
tor (AhR) which subsequently induces c¢viochrome

" Corresponding author. Tel : +886-4-24730022,
fax: +R36-4-24751101.

E-mail address: ppl@csmu.edutw (P. Lin).

Abbrevianons: BaP, benzofalpyrene: AR, undrogen receptor; TCDD.
2,3.7.8-tetruchlorodibenzo-p-dixin; PCB126, palychlonnated biphenyl
126; AhR, aryl hydrocarbon receptor; CYPIAL, cytochrome P4501A1:
CYPIB{, cytochtome P4501BE; BPDE, 7,8-dihydre-9,10-epoxy-7,8,9,10-
tetruhydrobenzolajpyrene; PAH, polycyclic aromatic hydrocarbons; DHT,
Sa-dihydrotestosterone; ANF, e-naphthoflavone; TMS, 24,3 .5-tetra-
methoxystilbene; RT-PCR, real-time reverse transcription-pelymerase
chain reaction.

0006-2952/S - see front matter ©) 2004 Elsevier Inc. All rights reserved.
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P4501A1 (CYPIAI) and P4501B1 (CYPIRI) expression
[4}. CYPIAI and CYPIBI are involved in the conversion of
BaP into 7,8-dihydroxy-9,10-epoxy-7,8.9,10-tetrahvdro-
benzo[alpyrene (BPDE), which forms DNA adducts
[5.61. CYP1BI also converts BaP intc other ultimate meta-
bolites, such as 3-hydroxy benzo[u]pyrene(30HBaP),
which atiack cellular DNA [7]. Several lines of evidences
have shown that BaP-induced genotoxicity and carcinogen-
esis are AhR-dependent [8,9]. AhR belongs to one of the
nuclear receptor superfamilies. While shared some regula-
tory proteins with steroid hormone receptors {10.11], AhR
was reported 10 interaci with several steroid hormone
receptors, including estrogen receptor, androgen receptor
(AR), glucocorticoid receptor and progesterone receptor, to
alter their functions [12-14]. Therefore, BaP may aclivate
ABR and subsequently interfere with steroid hormone
receptors function to elicit toxicological responses.

Most studies have investigated effects of sex hormones
on steroidogenic and steroid hormone-responsive organs,
such as the reproductive system. However, growing evi-
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dences show that sex hormones also target non-genital
organs. Several studies reported that AR is expressed in
normal fetal and adult lungs and human lung tumors
115,16}, Testosterone and Sa-dihydrotestosterone (DHT)
have been shown to affect pulmonary surfactant production
during fetal lung development |17,18]. More recently,
Ojeda er al. |19] demonstrated that surgical and pharma-
cological castration significantly modified the components
of phospholipids in lung surfactant of adult male rats, This
alteration was similar to that observed in human Jung
emphysema. These information suggests that testosterone
is required to maintain lung morphology. Therefore, expo-
sure to antiandrogens may have adverse effects on normal
lung morphology and function.

The effects of PAH on androgen function are rarely
reported. It is well-known that the androgenic effect is
dependent on AR activation. Vinggaard er al. [20] showed
that PAH, including BaP, antagonized recombinant human
AR activity in a the reporter gene assay system, Kizu er a/.
[21] reported that PAH antagonized the DHT-induced
expression of prostate-specific antigen in LNCuaP human
prostate carcinoma cells. Both Vinggaard and Kizu's stu-
dies demonstrated that AhR was required for the anti-
androgenic effect of PAH [20,21]. In our present study, we
examined effect of BaP in AR protein and gene expression
in human lung cells. We further investigated how the AhR
signaling pathway is involved in the effect of BaP on AR
expression.

2. Materials and methods
2.1. Chemicals

2,3.7.8-Tetrachlorodibenzo-p-dioxin (TCDD) and poly-
chlorinaied biphenyl 126 (PCB126) were purchased from
ULTRA  Scientific. «-Naphthoflavone (ANF), BaP,
dimethylsulfoxide, DHT and testosterone were purchased
trom Sigma. BPDE was purchased from Midwest Research
Institwte.  2.4,3'.5'-Tetramethoxystilbene  (TMS) was
ordered from Tocris Cookson Inc. RPMI 1640, Eagle's
basal medium, and fetal bovine serum were purchased
from Gibco™ Invitrogen Inc.

2.2, Cell culture

The human lung adenocarcinoma cell lines NCI-H1355
were gifts from Dr. C.-M. Tsai (Velerans General Hospital,
Taipei, Taiwan, ROC). Information for H1355 was avail-
able in the American Cell Type Cell Collection. H1355
cells were maintained in RPMI 1640 supplemented with
5% heat-inactivated fetal bovine serum. Human lung fibro-
blasts WI-38 were purchased from the American Type
Cultwre Collection and maintained in Eagle's basal med-
ium containing 10% fetal bovine serum. BEAS-2B cells
were human bronchial epithelial cell lines immortalized

with §V40 (American Type Culture Collection) and main-
tained in LHC-9 medium (BioSource International Inc.).

2.3, Cell viability assay

H1355 cells were seeded to 12-well plates. Twenty-four
hours later, the medium was changed to phenol red-free
medium containing 5-10% charcoal-stripped fetal bovine
serum and incubated for another 48 hr. Afier treatment
with DHT for 6 days, cell viability was determined with
trypan blue exclusion assay.

2.4. Quantitative real-time reverse transcription—
polymerase chain reaction (RT-FPCR) assay

The total RNA of the cells was isolated using the
TRIZOL® Reagent (Life Technologies) and the phenol-
chioroform extraction method. Synthesis of cDNA was
done with 2 ug 1otal RNA, | pug oligo dT primer and
20 nmol deoxynucleotide triphosphates using M-MLV
Reverse Transcriptase (Promega). Quantitative PCR was
pertormed using the QuantiTect SYBR Green PCR kit
(Qiagen) and analyzed on an ABI PRISM 7700 Sequence
Detector System (Perkin-Elmer Applied Biosystem).” Pri-
mers were chosen with the assistance of the computer
program—Primer Express (Perkin-Eimer Applied Biosys-
tem). The primer sequences and optimal concentrations of
CYPIAL CYPIBI, AhR, AR and fi-actin were previously
described {22.23]. Each data point was repeated three
times. Quantitative values were obtained from the thresh-
old PCR cycle number (Ct), where the increase in signal
associated with an exponential growth for PCR product
becomes detectable. The relative mRNA levels in each
sample were normalized to its f-actin content. The
relative expression levels of target gene = 273% ACI =
Clmrgetgcne - C[[i-aclin-

2.5, Wesiern immunoblotting

Cells were sonicated in 20mM Tris pH 7.4, 0.5 mM
NaCl, I mM dithiothreitol, 10% glycerol, 50 pg/mL leu-
peptin, 50 pg/ml. aprotinin, 2.5 pp/mlL  pepstatin A,
0.2 mM phenylmethylsulfonyl fluoride, and protease inhi-
bitors cocktail (Roche Applied Science). Cell homogenates
were centrifuged at 10,000 g, 4°. The cytosol supernatants
were dissolved in sample buffer for electrophoresis. The
cytosol in sample buffer were botled, resolved by a dena-
turing electrophoresis on discontinuous polyacrylamide
gel, electrotransferred to a PVDF membrane and immu-
nostained with AR antibody (Upstate Co). The bands were
visualized with the enhanced chemoluminescence kit
according to the manufacturer’s instructions (Amersham
Biosciences). Band intensity was quantified with the Che-
milmager ™ System (Alpha Innotech Corp.). The relative
expression of AR protein was calculated by normalizing to
the band intensity of B-actin.



P. Lin e1 al. / Bivchemical Pharmacology 67 {2004) 1523-1530 1525

250

*

& 200
IO
z

2 150 4
£
E
E

% 100 1
L¥)
'S_J
=)
g

> 50 -

0 E

DMS0 I nM DHT

Fig. 1. Effect of DHT on the cell growth of HI355 cells. H1355 cells were
treated with 0.1% DMSQ or | nM DHT for 6 days. Viable cell numbers
were determined with the trypan blue exclusion assay. Each daty 15 the
mean of four replicates. The symbo (*) indicates P < 0.05 as comparing
with DMSO-treated cells.

2.6. Statistical analysis

Comparisons of the cell numbers, quantification of
Western immunoblotting or gene expression levels
between groups were done by Student’s 7 test.
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3. Results

3.1. Effects of BaP on constitutive or
testosterone-induced AR expression in lung cells

When human lung adenocarcinoma cells H1355 were
treated with 1 nM DHT, viable cell numbers were sig-
nificantly increased 6 days later (Fig. 1). This result
indicated that the H1355 cells were responsive to andro-
gens. Treatment with 1 or 10 pM BaP slightly but sig-
nificantly reduced AR protein levels in H1355 cells 24 hr
later (Fig. 2A). The reduction became more dramatic
72 hr later (Fig. 2A). Furthermore, AR mRNA levels in
H1355 and BEAS-2B cells were significantly reduced by
1 uM BaP 48 or 72 hr later (Fig. 2B and C). Therefore,
the decrease in AR mRNA levels might partially count
for the decrease in AR protein levels by 1 uM BaP
treatment. While AR protein levels were significantly
increased by 10 nM testosterone in H1355 cells (Fig. 3),
co-treatment with BaP prevented the increase in AR
levels by testosterone (Fig. 3). These results indicated
that BaP reduced the AR expression in H1355 and
BEAS-2B cells at the transcription and translation
levels.
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Fig. 2. Effects of BaP on AR expression in lung cells. {A) H1355 cells were treated with 0.1% DMSG, .1, 1 or 10 uM BaP for 24, 48 ar 72 hr. AR protemn
was delected with Western immunoblotting. Each experiment was repeated four times. Relalive expression levels were the mean of four replicates. (B) H1355
cells were wreated wish 0.1% DMSQ, 0.1 or | pM BaP for 24, 48 or 72 hr and (C) BEAS-2B cel!s were treated with 0.180 DMSO or 1 uM BaP for 48 or 72 i
AR mRNA levels were quantified with the real-time RT-PCR assay. Each experiment was repeated twice with exght replicates. The symbol (*) mdicates

P < 005 as comparing with DMSO-treated cells,
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Fig 3. Effect of BaP on testosterone-induced AR expression in H1355
cells. H1355 cells were treated with 0.1% DMSO, 1 uM BaP, 10 nM
Lestoslerone or testosterone with BaP for 72 hr. AR protein was detected
with Western immuncblotting. The experimenls were repeated four
times. The symbol (") indicated P < 0.U5 as comparing with DMSO-
treated cells,

3.2. Ejfects of TCDD and PCB126 on
AR expression in H1355 cells

BaP, TCDD and PCB126 are potent AhR agonists [24].
We further investigated whether TCDD and PCB126 had a
similar effect on AR expression. Treatment with 1 uM BaP,
10 nM TCDD or 1 uM PCB126, respectively, increased
CYPIAT expression levels to 100-, 1600- or 600-fold of the
levels in DMSO-treated H13355 cells (Fig. 4A). Similarly,
BaP, TCDD and PCB126 increased CYPIBI expression
levels o approximately 6-fold of the levels in DMSO-
treated H1355 cells (Fig. 4B). However, only BaP reduced
AR expression {Fig. 4C). Neither TCDD nor PCB126 had
significant effects on AR protein levels (Fig. 4C). There-
fore, the induction of CYPIA! and CYPI!BI by AhR
agonists was not necessarily accompanied by a reduction
in AR expression.
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3.3. Involvemens of CYPIAL/CYPIBlinduction and
BPDE in BaP-induced AR reduction

To understand whether BaP-induced AR reduction was
dependent on CYPIAT or CYPIBI induction, H1355 cells
were co-treated with BaP and AhR antagonist/cytochrome
P4501 (CYP1) inhibitor (ANF) or CYP1B1-specific inhi-
bitor (TMS) {25] for 48 hr. Treatment with either ANF,
TMS alone slightly but not significantly increased AR
protein levels (Fig. 5A and B). Co-treatment with
1.5 uM ANF or 5uM TMS partially and significantly
prevented the BaP-induced AR reduction in H1355 cells
{Fig. 5A and B). These data suggested that AhR activation
and CYPIAI/CYPIBI activities might be required for
BaP-induced AR reduction,

Since AhR activation is not sufficient to decrease AR
levels, as demonstrated by TCDD and PCB 126 treatment
(Fig. 4), it is reasonable to speculate that BaP metabolites
generated by AhR pathway might participate in BaP-
induced AR reduction. When H1355 cells were directly
treated with a BaP metabolite, 1 uM BPDE, for 48 hr, both
AR protein and mRNA levels were significantly reduced
(Fig. 5C and D).

3.4. Effects of BaP onCYPIAI, CYPIBIand AR
expression in fibroblasts W[-38

Treatment with 1puM BaP significantly induced
CYPJA! and CYP/B! mRNA levels in HI1355 and
BEAS-2B cells, but not in WI-38 cells (Fig. 6A and B),
Comparing with H1355 and BEAS-2B cells, AhR protein
levels were extremely low in WI-3§ cells (Fig. 6C). Con-
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Fig. 4 Effects of BaP, TCDD and PCB126 on CYPIAI, CYPIB] and AR expression in H1355 cells. H1355 cells were treated with ¢.1% DMSO, 1 uM BaP,
1001M TCDD or | uM PCB{26 for 24 hr. {A) CYPIA] and (B) CYPIB] mRNA levels were quantified with the real-time RT—-PCR assay. Bach experiment

was repeated twice with six replicates, (C) H1355 cells were treated with 0.1%
detected with Western immunoblotting. Bach experiment was repeated four times. Relative ex

indicated P < Q.05 as comparing with DMSO-treated cells.

DMSO, 1 1M BaP, 10 nM TCDD or | pM PCB126 for 72 hr. AR protein was
pression levels were the mean of four replicates. The symbol (*)
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ststent with the absence of CYPJAT and CYPIEB! induction
and low AhR expression, ! pM BaP failed to reduce AR
levels in WI-38 cells (Fig. 6D). Treatment with ! pM
BPDE, however, significantly reduced AR mRNA levels
in WI-38 cells (Fig. 6D). These data demonstrated that
BPDE could compensate the low induction of CYPIAL/
CYPiB! by BaP and reduce AR levels in WI-38 cells.

4. Discussion

Several environmental chemicals have been reported to
possess antiandrogenic properties in vitro and in vivo [26~
29]. In the present study, our data represent the first
observation that BaP significantly reduced AR expression
in human lung celis (H1355) at both transcriptional and
translational levels.

It has been reported that the AhR agonist-induced
toxicity was dependent on AhR activation, which was
indicated by CYP/A] and CYPIB! induction. We per-
formed a series of experiments to investigale whether and
how AhR signaling pathway would involve in BaP-induced
AR reduction. First, we compared effects of different AhR
agonists, TCDD, PCB126 and BaP, on AR levels. Qur data
showed that only BaP, but not TCDD or PCB126, reduced
AR levels, Tt appears that either AhR signaling pathway
was not involved, or AhR signaling pathway stimulated
BaP metabolites production involved in AR reduction. To
clarify whether AhR signaling pathway or AhR-mediated
CYP] enzyme activities play a role in BaP-induced AR
reduction, BaP-treated cells were co-incubated with either
AhR antagonist/CYP1 inhibitor (ANF) or CYPIB1 inhi-
bitor (TMS). Preventive effect of ANF and TMS on BaP-
induced AR reduction implied that AhR-mediated
CYPIAL and CYPIB! activities were required for this
effect. Furthermore, BaP failed to reduce AR levels in AhR
non-responsive fibroblasts WI-38. These data suggested
that AhR-mediated cytochrome P450 activities were spe-
cifically involved in BaP-induced AR reduction. There-
fore. we proposed that BaP metabolites converted by
CYP1A] and/or CYPIBI, such as BPDE, might partici-
pale in the mechanism of AR reduction. Finally, this
hypothesis was supported by our observation that BPDE
directly reduced AR levels in H1355 cells and AhR non-
responsive fibroblasts WI-38.

An interesting finding in our time course study wasg that
BaP-induced AR protein reduction occurred prior to AR
mRNA reduction. AR protein levels were slightly but
significantly reduced after treatment with BaP for 24 hr.
But AR mRNA levels were not significantly reduced until
43 hr after treatment. Furthermore, the extent of reduction
in AR protein levels was greater than that in mRNA levels
after 72 hr reatment. It is likely that BaP-induced AR
rectuction occurred through at least two different mechan-
isms that reflected at post-transcriptional and transcrip-
tional levels. It has been shown that AR protein was

degraded rapidly, unless bound 10 agonists, in cells ]30].
Manin er al. (31} also demonstrated that DHT increased
AR protein levels, but not mRNA levels in prostate cancer
cells. Similar results were observed in testosterone-treated
H1355 cells in our present study {data not shown). There-
fore, it is possible that either BaP increased the turnover
rate of AR protein or reduced the binding of androgens to
AR within 24 hr. A secondary mechanism might be trig-
gered 48 hrlater, such as the conversion of BaP inte BPDE,
to further reduce AR mRNA levels.

Qur present data showed that both BaP and BPDE
reduced AR levels in H1355 cells. However, BaP was
more effective than BPDE at the same dose (1 pM) and
1 pM BPDE was too high for a biological dose. Further-
more, ANF and TMS only partially prevented BaP-induced
AR reduction. Therefore, it is likely that other mechan-
isms, in addition to BPDE formation, might participate in
BaP-induced AR reduction. We also notice that ANF or
TMS alone slightly increased AR protein Jevels, aithough
the increase was not significant. In the absence of AhR
agonists, CYPIAL expression and activity was barely
detectable in lung cells [9]. Nevertheless, CYPIB! mRNA
was constitutively expressed in lung cells [9]. Treatment
with ANF and TMS were expected to lower CYPIBI
expression and activity in the cells. Our data implied that
a linkage between CYPIBI activity and AR expression
might exist, but mere evidences are needed to establish
their relationship.

BaP is shown to be converted into BPDE, which elicits
genetic toxicity by forming DNA adducts and results in
DNA damage [32]. Recently, BaP and BPDE were also
reported to activate several signaling pathways that trig-
gered epigenetic effects. Jyonouchi er al. [33] demon-
strated that inhibiting PI-3 kinase activity aboiished the
BPDE-induced de-differentiation in airway epithelial cells.
Jyonouchi er al. [34] also reported that BPDE increased the
cytosclic calcium of airway epithelial cells, In human B
cells, BPDE was shown to increase tyrosine phosphoryla-
tion [35]. Similarly, BaP was shown to increase PI-3 kinase
activity, tyrosine phosphoerylation or cytosolic calcium in
human mammary epithelial cells and rat liver cells [36.37].
We will study the role of the PI-3 kinase, tyrosine phos-
phoryation and calctum in the BaP- and BPDE-irduced AR
reduction in the future.

BaP and BPDE reduced both the AR protein and mRNA
levels in H1355 cells. From our data, it is unclear whether
these chemicals decreased the rates of AR transcription or
translation, or the stability of AR mRNA or protein. A few
studies proposed different mechanisms for the regulation
of the steady state levels of AR mRNA and protein. First,
Kinoshita et a/, [38] demonstrated that methylation of
several CpG sites in the AR promoter correlated with
the loss of AR gene expression in the prostate cancer cells
and tssues. BPDE has been demonstrated to induce CpG
methylation in mammalian cells [39], therefore, BPDE
might induce the methylation of the AR promoter to
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suppress AR gene transcription in H1355 cells. Second,
Lin et al. [40] revealed that Akt mediated AR ubiquityla-
tion and degradation. Since Akt activity was up-regulated
by the PI-3 kinase signaling pathway {41], BPDE might
increase AR protein degradation through the Akt signaling
pathway. We will further investigate the mechanisms of AR
reduction by BaP and BPDE in the future.

In utero exposure to BaP caused sterility in the male
offspring of mice [42], suggesting that BaP might disturb
androgen function in androgen-responsive organs. Qur
present study showed that H1355 cells were responsive
to DHT and showed increased cell growth, nevertheless,
BaP reduced AR expression in H1353 cells. Thus, BaP
might interfere with lung development or surfactant pro-
duction m the lungs by antagonizing AR function. Cigar-
ette smoking and exposure to environmental tobacco
smoke have been associated with higher risks of pulmon-
ary diseases, such as lung cancer, chronic obstructive
pulmonary diseases and asthma [45-47). In utero passive
tobacco smoke exposure was reported to affect lung func-
tion of infants [48]. BaP levels and BPDE DNA adducts
were found to be significantly higher in the lung tissues of
smokers than in non-smokers [43,44]. Therefore, it is
plausible that BaP-induced AR reduction may interfere
with AR function in the lungs and involve in the occurrence
of cigarette smoking associated pulmonary diseases.

BaP was proposed to increase hormone metabolism and
to disturb endocrine functions by inducing cytochrome the
P4501 family. The novel finding in our present study was
that BaP was metabolically activated to reduce AR expres-
slon. The reduction in AR expression may disturb andro-
gen functions in androgen-responsive organs, such as the
prostate,
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RNA interlerence {(RNAG)Y is a poweriul technigue
that is used to block gene expression in eukaryotes
(reviewed in [1]). Because of its speed and ease. it is suit-
able not only lor functional studies of individual genes but
also for genome-wide screening. Application of this sys-
tem 10 mammals has been hampered by a potential inter-
feron response o long double-strand RNA (dsRNA). A
groundbreaking experiment showed that 21-bp synthetic
dsRNA introduced intc mammalian cells was able to
block the expression of a target gene efficiently [2]. How-
ever, RNAI by synthetic dsRNA is transient only due to
dilution in sibling cells. To exert a long-term effect, expres-
sion vectors have been developed to express short hairpin
RNAs (shRNA) in vivo that mimic the effect of such
dsRNA and trigger the RNAI effect [3-7). The loop
sequence i these sShRNAs is typically 9nt long.

The common practice of constructing an shRNA
SXpression system is to synthesize a full-length DNA
about 60bp long} that encodes the shRNA sequence and
nsert it into an expression veclor under the control of a
specific promoter. This method is straightforward and con-
ists of only limited molecular maniputations. However,
here are two disadvantages to the synthesis of long oligo-
wucieotides. First, it is relatively error-prone, thus requiring
creening of more clones to obtain an error-free final prod-
icl. In our hands, an crror raie of over 50% was not
mcommon among shRNAs constructed with long oligo-
cleotides. Second, the synthesis of long oligos produces
clatively low yields of full-length products and, thus, in
nost cases, the length of oligos over 40-mers requires scal-
ng up synthesis (100nm vs 25nm synthesis scale) and an
dditional purification step (HPLC vs standard desalting).
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U dbbreviations used: RNAL RNA interference: dsRNA, double-
rand RNA; shRNA, short hairpin RNA nt, nucleotide.
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To overcome these problems, 1 have developed a cost-
effective and time-efficient technique 1o generate RNAJ
constructs. Instead of synthesizing full-length shRNA-
coding DNA sequences, two oligonucleotides (shRNA-
F and shRNA-R) containing partial complementary
sequences of the shRNA with an overfapping loop
region are synthesized (Fig. i). This shRNA casselle is
inserted inte an expression vector and introduced into
Escherichia coli, in which the desired circular plasmid
constructs are produced by the host enzymes.

In practice, I used an expression vector pPCDNA-HU6
{8], a derivative of pCDNA3.1/Myc-His(-) with 2 human
U6 promoter, for expression of such a shRNA, Two oli-
gonucleotides, siIRNA-F (33nt) and shRNA-R (38nt),
were synthesized, each consisting of a 19-nt stem
sequence, a 9-nt loop sequence, and an additional nt in
the complementary stem (Fig. 1), the last 1] nt of which
can form a 11-bp duplex with each other. An additional
T was present in ShRNA-R, to serve as a transcription
termination signal in the final construct. The §' ends of
these oligonucleotides contain 4 nt that are complemen-
lary lo the overhangs produced by BamHI and HindlIl,
respectively (Fig. 1). To construct the shRNA vector,
pCDNA-HU6G DNA was digested with BamHI and Hin-
dlll and treated with alkaline phosphatase {CIP; New
England Biolab). The two oligonucleotides were trealed
with T4 polynucleotide kinase (New England Biolab) to
add 5' phosphates and ligated to the BamHI and Hin-
dUl-cleaved pCDNA-HUG DNA by T4 DNA ligase
(New England Biolab) at 25°C for 30 min. The ligation
mixture was used to transform E. coli XL-10. Ampicil-
lin-resistant transformants were isolated al {requencies
of approximately 2 x 10° transformanis/ug ligated DNA
(transformation efficiency of about 10° per microgram of
uncut vector). A PCR test on the transformed colonies
using a vector forward primer and the ShRNA-R reverse
primer showed that the designed shRNA expression
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Fig. 1. Construction of shRNA templates using short vverlapping oligonucleotides. The designed stem-and-loep template with its direction of tran-

scriplion is outlined at the top. The transcription stop signal is indicated b

¥ T in the hexagon, and the restriction site attachment sequences are indi-

caled by the dashed lines, N1 in the stem sequence and its complement are represented by n's and m'’s, respectively. The two oligonucleotides,
ShRNA-F and shRNA-R, are shown with an 1 1-bp duplex formed between the complemsntary loop sequences and the two fanking nt. The four m
{1 boldlacs) at the 5* ends are complementary o the 5° overhang of BamHI and HindlII sites of the vector (bracketed). The phospha tes added 10 the
5" end of the oligonucleotides by potynucleoude kinase are represented by the superscript p's, Details of the construction are presented in the text.

plasmid was present in essentially all the transformants,
Restriction digestion analysis of the isolated piasmid
DNA showed that the struciure was as expected from
the design. The inserted shRNA template sequence was
confirmed by nucleotide sequencing. These results indi-
caled that the ligated product was circularized and the
gaps were filled efficiently in the £ coli host. Although
the gap-filling error rate in E. coli is not known, occur-
rence of error-containing RNAI constructs has been less
than 10% in our experience,

The purified sShRNA vector DNA was introduced
into human lung adenocarcinora cell line A549 by
transfection. The presence of the shRNA vector in the
stable transfected clones was confirmed by PCR using
the same set of primers (vector forward primer and
shRNA-R primer). The interference efficiency of the
shRNA on the target mRNA in these clones was
detected by real-time reverse transcriplase-PCR with 4
set of primers flanking the siRNA target site (data not
shown).

The selection of the restriction enzymes for cleavage
of the vector and the design of the maiching sequence
at the 5" ends of the oligonucleotides are noteworthy.
Two different enzymes that produce distinct overhang
sequences were chosen to ensure the correct attach-
ment of the two oligomers. This not only avoids attach-
ment of two identical oligomers but also forces the

correct orientation of the inserts. In addition, the use of

restriction enzymes that produce 3’ overhangs would
render the subsequent CIP-kinase ligation scheme
impossible and is thus to be generally avoided. Without
the CIP treatment of the vector DNA, a significant
proportion of the final E. coli transformants would

contain recircularized vector DNA  withoul the
inserted shRNA templates.

This method of constructing shRNA Lemplates has
been routinely used in our laboratory with success. It sig-
nificantly reduces the cost, effort, and potential errors
that accompany the use of long oligonucieotides and this
approach is particularly useful when used in conjunction
with mass screening.
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