
1．Introduction

Lung cancer remains the leading cause of death by cancer

among males and is second among females in Japan ,

mainly because of the difficulty of early diagnosis, and re-

currence 1）. Despite recent advances in radiotherapy and

chemotherapy, the survival of patients with lung cancer

has not improved significantly. Current interest is, there-

fore, focused on chemoprevention of lung cancer. In par-

ticular, research regarding the chemopreventive effects of

nonsteroidal antiinflammatory drugs with regard to many

human cancers including those of the colon, breast, pan-

creas, and liver has been largely comfirmed 2）～4）. Recently,

orphan nuclear receptors defined as peroxisome prolifera-

tor activated receptors（PPARs）have been reported to

play a role in the pathogenesis of several types of can-

cers 5）～8）. In particular , activation of PPAR-γ has been

shown to have antiproliferative effects on several tumor-

derived cell lines 5）～9）.

Farnesoid X activated receptor（FXR）is also a member

of the steroid�nuclear superfamily of genes. These genes

encode intracellular receptors that regulate transcription

by the active binding of lipophilic signal molecules ,

dimerization of a receptor complex, and binding to spe-

cific hexamer halfsite consensus sequences in the pro-

moter regions of target genes 10）. FXR appears to be local-

ized in tissues important to steroidogenesis（liver, kidney,

adrenal, and the intestine）11）. FXR can bind and be acti-

vated by cholesterol precusor farnesol and variety of

endogeneous bile acids, indicating that FXR may play a

critical role in cholesterol and bile acid homeostasis 11）.

However , no other medical significance of FXR has

been demonstrated. In particular, there is no study con-

cerning the relationship between FXR expression and ma-

lignant tumors apart from hepatocellular carcinoma（HepG

2）12）. We examined the expression of FXR messenger RNA

（mRNA）and its protein in human lung cancer tissues by

reverse transcription-polymerase chain reaction（ RT-

PCR）, Western blot analysis, and immunohistochemistry.

2．Materials and Methods

Antibody．Antibody against FXR was from Santa Cruz
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（Santa Cruz Biotechnology, Inc., CA, USA）.

Patient Samples. Thirty seven primary non-small cell

lung cancer specimens including 21 adenocarcinomas, 11

squamous cell carcinomas , and 5 large cell carcinomas

were obtained from surgically removed lung tissues from

the Kyoto First Red Cross Hospital. The mean age of the

patients was 70.4 years（range, 50～82 years）. Six normal

lung tissue specimens were derived from patients with

metastatic colon cancer. Consent for the study was ob-

tained from each patient. A subset of the tumor samples

was frozen in liquid nitrogen and stored at－80℃ for

analysis of mRNA and Western blotting. All cancers were

primary lung tumors and were classified by the same

pathologist.

Immunohistochemistry． Immunohistochemistry was

performed on formalin-fixed , paraffin-embedded tissues

using citrate microwave antigen retrieval as described

previously 13）. The sections were deparafinized and endo-

genous peroxidase activity was exhausted by incubating

in 0.3％peroxide in methanol for 45 min . The sections

were preincubated with 0.2％ BSA in PBS for 20 min and

with diluted rabbit serum（1: 66.7）for 20 min followed by

incubation with anti-FXR antibody（2 µg�ml）or purified

normal goat IgG（2 µg�ml）in a humid chamber. After over-

night incubation at 4℃ , the sections were washed with

PBS and further incubated with biotinylated rabbit anti-

goat IgG（Vector Laboratories, Inc. Burlingame, CA）for

30 min. Then after washing with PBS, the sections were

incubated with avidin and biotinylated horseradish peroxi-

dase complex for 45 min . Finally , the sections were

washed with PBS for 10 min and color was developed by

immersing the sections in a solution of 0.05％wt�vol 3,3’-

diaminobenzidine tetrahydrochloride（DAB）（Sigma, St.

Louis, MO）, and 0.01％ hydrogen peroxide in 0.05 M Tris,

pH 7.4, for 3～5 min. The sections were counterstained

with hematoxylin.

Immunohistochemical Analysis. For each of the tissue

specimens from NSCLC, the extent and intensity of stain-

ing with anti-FXR antibody in cancer cells were graded on

a scale of 0～4 by two blinded observers on two separate

occasions using coded slides as previously described 13）.

Grade 4 indicates maximally intense staining, whereas 0

indicates no staining.

RNA Isolation and Reverse Transcription-Polyme-

rase Chain Reaction（RT-PCR）. Total RNA was isolated

from 4 adenocarcinomas, 3 squamous cell carcinomas, a

large cell carcinoma from resected lung tissues, and 3 nor-

mal lung tissues by the acid guanidium thiocyanate-

phenol-chloroform method . We performed an RT-PCR

procedure to determine the FXR mRNA expression as

previously described. Total RNA was used as a template

for DNA synthesis using a Superscript preamplification

system（Gibco, Rockville , MD, USA）according to the

manufacturer’s instructions. In PCR reactions the tem-

peratures for denaturation were 94℃ for 40 s, extension

at 72℃ for 50 s , annealing at 52℃ for 50 s , and the

number of amplification cycles was 35. The PCR products

were analyzed on a 2％ agarose�TAE gel.

Oligonucleotide primers of FXR were designed to am-

plify eight partial cDNA sequences covering the full-

length of the transcriptional element . The synthetic

oligonucleotides were obtained from Nippon Flour Mills

Co. ,Ltd.（Kanazawa, Japan）. We used glyceraldehyde-3-

polyachrylamide-dehydrogenase（G3PDH）mRNA as a con-

trol. The primers used were as follows:（a）FXR: sense 5’-

CGTGACTTGCGN

CAAGTGACC-3’, antisense 5’- CCANGACATCAGCATCT

CAGCG-3’11）,（b）G3PDH: sense 5’-CCACCCATGGCAA

ATTCCATGGCA-3’, antisense 5’-TCTAGAGGGCAGGTC

AGGTCCACC-3’.

Western Blot Analysis . Protein was isolated from 5

adenocarcinomas, 3 squamous cell carcinomas, a large cell

Fig. 1．Representative results of mRNA and Western blotting
expression of FXR in lung cancer tissues. A）FXR
mRNA by RT-PCR, B）Western blot analysis for FXR
protein in representative tissues from lung cancer tis-
sues.
1. Adenocarcinoma, 2. Squamous cell carcinoma, 3.
Large cell carcinoma. 4. HepG2（as a positive control）.
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Table 1.　Characteristics of the patients

cancer cellsB.I.M-stageN-stageT-stageDifferentiationAgeSexHistologic typePatient no.

2.5500012moderate70FSCC1

2800002well80MSCC2

41600002poor71MSCC3

33000022well70MSCC4

21680011poor68MSCC5

31200022poor75MSCC6

2.51600023well50MSCC7

3440012well64FSCC8

2.53300012poor78MSCC9

01100013moderate74MSCC10

11000001moderate82MSCC11

4500001well67FAD12

4800013poor69MAD13

4300013well66MAD14

3.51080002well74FAD15

41800002poor78MAD16

2900012moderate52MAD17

41000021moderate71FAD18

4208011moderate66FAD19

2.51000002moderate75MAD20

41200001well72MAD21

2400001well69MAD22

41650023poor77MAD23

3.50001well73FAD24

4600002moderate66MAD25

40013poor79MAD26

30002moderate73FAD27

3.50001moderate57FAD28

40001well78FAD29

3.50002well58FAD30

40004well67FAD31

40022well74FAD32

160002374FLCC33

1.540000366MLCC34

370000370MLCC35

060002174MLCC36

2000478MLCC37

SCC indicates squamous cell carcinoma; AD, adenocarcinoma; LCC, large cell carcinoma; and B.I., Brinkman Index.

carcinoma from surgically removed lung tissues , and 5

normal lung tissues . Lysates were made by standard

method. Briefly, samples were equalized to 20 µg�lane

and run on a 7.5％ polyachylamide gel . Proteins were

blotted on to immobion polyvinylidene difluoride mem-

brane（ATTO, Tokyo, Japan）. The filter was blocked in

PBS, 0.05％ Tween 20, and 5％ nonfat milk at room tem-

perature for 90 min. All antibodies were diluted in the

same buffer. Antibodies were used at a dilution of 1: 100

（anti-FXR），and incubated at room temperature for 60

min. The secondary antibodies were used at a dilution of

1: 1000 and incubated at room temperature for 60 min.

The stripping procedures were performed using standard

methods.

3．Results

FXR Expression in Primary NSCLC. Expression of

FXR was examined in NSCLC tissues and normal lung tis-

sues. As shown in Fig. 1A, mRNA was detectable in 6 of 8

NSCLC tissues by RT-PCR. Western blotting revealed im-

munoreactive FXR in 8 of 9 NSCLC tissues（Fig. 1B）. To

evaluate the localization of FXR in NSCLC tissues and

normal lung tissues, immunohistochemical examination of

FXR expression was performed on 37 paraffin-embedded

tumors obtained from patients with NSCLC. As shown in

Table 1, positive FXR expression was noted in 21 adeno-

carcinomas, 10 of 11 squamous cell carcinomas, and 4 of 5
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large cell carcinomas. Expression of FXR was localized to

tumor cells. The staining pattern was granular and local-

ized to both the nucleus and cytoplasm（Fig. 2）. The in-

tensity of the immunoreactive FXR expression was

strongest in adenocarcinomas followed by large cell carci-

nomas and squamous cell carcinomas, respectively. In ad-

dition, we evaluated the expression of FXR in normal lung

tissues by RT-PCR, Western blotting, and immunohisto-

chemistry. Neither RT-PCR nor Western blot analysis re-

vealed the expression of FXR in normal lung tissues. In

immunohistochemistry , normal lung tissues expressed

FXR at very low or negligible levels（data not shown）.

4．Discussion

We demonstrated that FXR mRNA and protein is de-

tected in NSCLC tissues. On the other hand, as in previ-

ous studies 10）11）, FXR was expressed at very low or negligi-

ble levels in normal lung tissues.

O’Brien et al .14）suggested that activation of FXR-me-

diated events may play a tumor promotion role in perox-

isome proliferator-induced rodent hepatocarcinogenesis .

Another study has demonstrated that deoxycholic acid

（DCA）is shown to increase mitotic events of colonic mu-

cosa15） and preneoplastic lesions in rats fed with cholic

acid were found to be less susceptible to apoptotic stimuli
16）. In addition, an increased serum level of DCA and re-

duced bile acid-induced apoptosis of colonic mucosa gob-

let cells has also been reported in human colorectal can-

cers17）18）. On the other hand, ursodeoxycholic acid（UDCA）

has been shown to decrease tumor incidence in a bile

acid-facilitated rat model of colon cancer 19）. Primary bile

acid and secondary bile acid DCA activate FXR 11）, and

Howard and colleagues have shown that UDCA could in-

hibit DCA and chenodeoxycholic acid（CDCA）to activate

FXR 20）. Taken together, FXR may play a role in tumor for-

mation. Our results also may agree with the hypothesis in

regard to NSCLC.

Farnesol, one of FXR potent agonists, is essential com-

pound required for cell proliferation and differentiation.

Farnesol has been shown to arrest the proliferation of a

number of cell lines and to induce apoptosis of several

tumor-derived cell lines 21）～23）. However, the mechanisms

Fig. 2． Representative results of FXR immunostaining in non-small lung cancers. Three dis-

tinct pathological lung cancers expressing FXR. Intense immunoreactivity can be

seen in tumor cells. A）adenocarcinoma, B）adenocarcinoma immunostained with

anti-FXR antibody adsorbed with FXR peptide, C）squamous cell carcinoma, D）

large cell carcinoma
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in which farnesol inhibits cell proliferation and preferen-

tially induces apoptosis of neoplastic cells remain obscure.

Miquel et al. 24）demonstrated that farnesol induced inhibi-

tion of phosphatidylcholine biosynthesis at the last step of

the CDP-choline pathway controled by choline phos-

photransferase in human lung adenocarcinoma A549 cells.

Another likely mode of action of farnesol is by inhibition of

protein prenyltransferases . Inhibition of farnesyltrans-

ferase has been shown to cause tumor regression in ani-

mal models 25）. Taking our results into consideration, how-

ever, farnesol’s inhibitory effect on malignant cells may

be explained, at least in part, by the activation of FXR.

Further elucidation about FXR expression and tumori-

genesis will be needed.

In summary, this is apparently the first report demon-

strating the expression of FXR in NSCLC tissues. Based

on the results of this study, FXR may become a novel tar-

get for preventing or treating NSCLC.

References

1）Statistics and Information Department, Ministry of Health
and Welfare: Japan Vital Statistics in 1995. Ministry of
Health and Welfare, Tokyo, 1995.

2）Schreinemachers DM, Everson RB: Aspirin use and lung,
colon, and breast cancer incidence in a prospective study.
Epidemiology 5: 138-146, 1994.

3）Molina MA, Sitja-Amaru M, Lemoine MG, et al: Increased
cyclooxygenase-2 expression in human pancreatic carci-
nomas and cell lines: growth inhibition by nonsteroidal
anti-inflammatory drugs. Cancer Res 59: 4356-4362, 1999.

4）Rahman MA, Dhar DK, Masunaga R, et al: Sulindac and
exisulind exhibit a significant antiproliferative effect and
induce apoptosis in human hepatocellular carcinoma cell
lines. Cancer Res 60: 2085-2089, 2000.

5）Kubota T, Koshizuka K, Williamson EA, et al: Ligand for
peroxisome proliferator-activated receptor γ（troglitazone）
has potent antitumor effect against human prostate can-
cer both in vitro and in vivo. Cancer Res 58: 3344-3352,
1998.

6）Chang TH, Szabo E: Induction of differentiation and apop-
tosis by ligands of peroxisome proliferator-activated re-
ceptor γ in non small lung cancer. Cancer Res 60: 1129-
1138, 2000.

7）Takahashi N, Okumura T, Motomura W, et al: Activation of
PPAR gamma inhibits cell growth and induces apoptosis in
human gastric cancer cells. FEBS Lett 455: 135-139, 1999.

8）Mueller E, Sarraf P, Tontonoz P, et al: Terminal differen-
tiation of human breast cancer through PPARγ. Mol Cell 1:
465-470, 1998.

9）Tsubouchi Y, Sano H, Kawahito Y, et al: Inhibition of hu-
man lung cancer cell growth by the peroxisome
proliferator-activated receptor（PPAR）-γ agonists through
induction of apoptosis . Biochem Biophys Res Commun
270: 400-405, 2000.

10）Forman BM, Goode E, Chen J, et al: Identification of a nu-
clear receptor that is activated by farnesol metabolites .
Cell 81: 687-693, 1995.

11）Parks DJ, Blanchard SG, Bledsoe RK, et al: Bile acids:
natural ligands for an orphan nuclear receptor [see com-
ments]. Science 284: 1365-1368, 1999.

12）Makishima M, Okamoto AY, Repa JJ, et al: Identification of
a nuclear receptor for bile acids. Science 284: 1362-1365,
1999.

13）Sano H, Hla T, Maier JAM, et al: In vivo cyclooxygenase
expression in synovial tissues of patients with rheumatoid
arthritis and osteoarthritis and rats with adjuvant and
streptococcal cell wall arthritis. J Clin Invest 89: 97-108,

1992.
14）O’Brien ML, Rangwala SM, Henry KW, et al: Convergence

of three steroid receptor pathways in the medication of
nongenotoxic hepatocarcinogenesis . Carcinogenesis 17:
185-190, 1996.

15）Wargovich MJ, Eng VW, Newmark HL, et al: Calcium ame-
liorates the toxic effect of deoxycholic acid on colonic epi-
thelium. Carcinogenesis 4: 1205-1207, 1993.

16）Maguson BA, Carr I, Bird RP: Ability of aberrant crypt foci
characteristics to predict colonic tumor incidence in rats
fed cholic acid. Cancer Res 53: 4499-4504, 1993.

17）Bayerdorffer E, Mannes GA, Richter WO, et al: Increased
serum deoxycholic acid levels in men with colorectal ade-
nomas. Gastroenterology 104: 145-151, 1993.

18）Garewal H, Bernstein H, Bernstein C, et al: Reduced bile
acid-induced apoptosis in“normal”colorectal mucosa: a
potential biological marker for cancer risk. Cancer Res 56:
1480-1483, 1996.

19）Earnest DL, Holubec H, Wali RK, et al: Chemoprevention
of azoxymethane- induced colonic carcinogenesis by sup-
plemental dietary ursodeoxycholic acid. Cancer Res 54:
5071-5074, 1994.

20）Howard WR, Pospisil JA, Njolito E, et al: Catabolites of
cholesterol synthesis pathways and forskolin as activators
of the farnesoid X-activated nuclear receptor . Toxicol
Appl Pharmacol 163: 195-202, 2000.

21）Gould MM: Cancer chemoprevention and therapy by
monoterpenes . Environ Health Perspect 105: 977-979,
1997.

22）Burke YD, Stark MJ, Roach SL, et al: Inhibition of pancre-
atic cancer growth by the dietary isoprenoids farnesol and
geraniol. Lipids 32: 151-156, 1997.

23）Yasugi E, Yokoyama Y, Seyama Y, et al: Direct cell killing
（apoptosis）in human lymphoblastoid cells incubated in
the presence of farnesol: effect of phosphatidylcholine .
Biochem Biophys Acta 1223: 133-140, 1994.

24）Miquel K, Pradines A, Tevre F, et al: Competitive inhibi-
tion of choline phosphotransferase by geranylgeraniol and
farnesol inhibits phosphatidylcholine synthesis and in-
duces apoptosis in human lung adenocarcinoma A 549
cells. J Biol Chem 273: 26179-26186, 1998.

25）Gelb MH, Tamanoi F, Yokoyama K, et al: The inhibition of
protein prenyltransferases by oxygenated metabolites of
limonene and perillyl alcohol . Cancer Lett 91: 169-175,
1995.

（Received February 16, 2001�Accepted for publication June 4, 2001）

297肺 癌：第 41巻，4号 2001年 8月


