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has been shown to possess the highest tumorigenic
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Retinoic acid (RA) is described as an inhibitor of
rostate cancer cell growth. We utilized reverse
ranscription–polymerase chain reaction (RT–PCR) to
nalyze expression of different isoforms of fibroblast
rowth factor 8 (FGF8) in response to RA. Results in
he prostate cancer cell line LNCaP show that whereas
verall expression levels of FGF8 appear to remain
onstant, RA addition induces an inversion of the ratio
etween FGF8a and -b mRNAs. Along with this ob-
erved “isoform switch,” unexpected expression of
etinoic acid receptor alpha was detected. Although
reliminary, these data allow one to hypothesize on
he existence of a possible link between the morpho-
enic hormone RA and the regulation of the potent
itogen FGF8. © 2000 Academic Press

Key Words: retinoic acid; fgf8; isoform expression.

Fibroblast growth factors regulate a wide range of
hysiological processes such as cell growth and differ-
ntiation as well as pathological routes to cancer for-
ation. Expression of fibroblast growth factor 8 (fgf 8)

as been correlated with murine embryogenesis in gas-
rulation, in brain and vertebrate limb development
1–5]. In adult tissues the expression pattern of fgf 8 is

ostly restricted in gonadal tissue (testis, ovaries) [6,
].
Fgf 8 was originally cloned from conditioned medium

f testosterone-stimulated androgen-dependent cancer
ell line SC-3 derived from mouse mammary carcinoma
C-115 [8]. The role of fgf 8 in mammary carcinoma
as corroborated by its discovery as the third fgf gene
hich acts in synergy with Wnt-1 on the induction of
ammary tumors following infection with mouse
ammary tumor virus [6]. Through alternative splic-

ng, the fgf 8 gene encodes a family of polypeptides with
ifferent transforming activities on NIH-3T3 cells.
mong other isoforms (FGF8a, -b, -e, and -f), FGF8b

1 To whom correspondence should be addressed. E-mail:
rancois.hamy@pharma.novartis.com.
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opyright © 2000 by Academic Press
ll rights of reproduction in any form reserved.
ctivity in nude mouse [9, 10].
Studies on prostatic cancer tissues show elevated

xpression of fgf 8 mRNA in 70% of cases [11]. The
olypeptide expressed in prostate cancer has been
hown to be the tumorigenic FGF8b isoform [12]. In
ddition expression of fgf 8 antisense reduces the
rowth rate of the human prostatic carcinoma cells
DU145) and inhibits their soft agar clonogenic activity
13].

One of the envisaged therapies for prostate cancer,
eveloped in the recent years is using the ability of
etinoic acid (RA) to inhibit proliferation by inducing
ifferentiation and/or apoptosis. RA is in clinical use as
n antileukemia agent in acute promyelocytic leuke-
ia, which is linked to the expression of fusion prod-

cts containing the alpha subtype of retinoic acid re-
eptor (RARa) [14]. RA plays a critical role in many
spects of proliferation and differentiation of a wide
pectrum of cell types [15, 16], and several studies have
hown the correlation low serum levels of retinol with
ncreased risk for the development of prostate cancer
17, 18]. Albeit RA is recognized as a potential treat-

ent and preventive agent for prostate cancer, the
recise underlying mechanism leading to inhibition of
umor formation and metastasis remains unclear up to
ate.
Studies of the molecular mechanism of action of RA

ave revealed that they exert their effect by binding to
he retinoic acid receptors (RARs a, b, and g) and
etinoic X receptors (RXRs a, b, and g) which all are
igand-dependent transcriptional regulators belonging
o the super-family of nuclear receptors [19, 20]. Recent
tudies using retinoids and specific ligand-analogues
or different RARs and RXRs suggest that the antipro-
iferative effects of retinoids in prostate cancer can be

ediated by the RARs [21], more specifically by their
egulatory function of discrete sets of genes [22].
The present report describes the effect of retinoic

cid on the regulation of expression of different iso-
orms of fgf 8 presumably through the activity of RARa
resent in LNCaP cells.



MATERIALS AND METHODS
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Cell lines and culture. The LNCaP human prostatic cancer cell
ine (A. Brinkmann, Erasmus University, Rotterdam, Holland) was
outinely maintained in RPMI 1640 medium respectively supple-
ented with 10% FBS, 1% glutamine and 1% penicillin/

treptomycin. Media and normal supplement were from Life Tech-
ologies (Paisley, Scotland). The CCT FBS supplement was obtained
rom Hyclon (Logan, U.S.A.). RA was purchased from Sigma Chem-
cals (St. Louis, MO).

Competitive RT–PCR. Cells were cultured for 2 days at a density
f 106 cells per 10-cm plate in CCT FBS prior to induction by 200 nM
A. Total cellular RNA was extracted and purified using the Qiagen
NA-purification kit according to the manufacturer’s instruction.
omplementary DNA was synthesized from 1 mg of total cellular
NA using 10 pmol oligo(dT)12-18, 2 mM dNTPs and 5 units of
uperscript enzyme in a final volume of 20 mL. First, annealing
eaction without the enzyme was carried out at 72°C for 2 min and
ooled on ice, then the reverse transcription reaction was performed
t 42°C for 1.5 h. Five microliters of the cDNA reaction was directly
ixed to a 100-mL PCR containing 2.5 units of the Taq polymerase,
mM dNTPs and 100 pmol of the appropriate primer pair in the

uffer supplied by the vendor. For normalization of mRNA, sense
nd antisense primers for HPRT gene were used that generated a
63-bp DNA fragment. The PCR parameters were as follows: dena-
uration at 92°C for 30 s., annealing at 55°C for 1 min and extension
t 70°C for 1 min. for 30 cycles. Primers used for FGF8 amplification
ere VB1 (59-AGCTGCCTGCTGTTGCACTT-39) and VB2 (59-AGC-
CTGTGTAGTTGTTCTC-39), derived from sequences of exons 1A
nd 3. PCR parameters were the same as for HPRT amplification
ith the number of cycles reduced to 25. Two microliters of this first

eaction was then analyzed by nested amplification using either
airs or triplets (primer competition) of primers FT1 (59-CCA-
CACAATCTCCGTGAAG-39), FT2 (59-CCTCATCCGGACCTACC-
AC-39), FT-3 (59-TTGCACTTGCTGGTCCTCTG-39), Fa (59-CAA-
CCCAGCATGT-39), and Fb (59-CAAGCCCCAGGTAAC-39) (Fig. 1)
nd the following parameters: denaturation at 92°C for 30 s., anneal-
ng at 53°C for 1 min and elongation at 70°C for 1 min for 30 cycles.
mplified DNA was analyzed by electrophoresis on 2% agarose gels
ontaining 0.2 mg/L of ethidium bromide and visualized by UV light.
Control RT–PCR were performed using the sense and antisense

rimer system for HPRT (Promega). Negative controls for RT–PCR
ere also done, in which all components except cDNA were present.

Nuclear extract and immunoblot analysis. LNCaP cells were har-
ested in PBS, pelleted by centrifugation, and nuclear extract was
repared as follows: after one freeze-thaw cycle, cells were resus-
ended in 500 mL of buffer A (20 mM Tris–HCl, pH 8, 1 mM MgCl2,
0 mM KCl, 20 mM NaMoO4, 1 mM DTT, 0.3 mM PMSF) and nuclei
ere collected by centrifugation (5 min. at 5000 rpm). Pellet was

esuspended in 500 mL of buffer B (20 mM Tris–HCl, pH 8, 1.5 mM
gCl2, 600 mM KCl, 20 mM NaMoO4, 0.5 mM DTT, 0.3 mM PMSF,

5% glycerol) and homogenized using a Ultraturrax. The nuclear
omogenate was centrifuged at 31,000g for 1 h. Supernatant was
liquoted and stored at 270°C. Protein concentration was deter-
ined by colorimetry (Bio-Rad) following the manufacturer’s in-

truction and a standard protein solution (2 mg/mL).
For immunoblots analysis, 10 mg of nuclear extract was analyzed

y SDS page (10% acrylamide) and analyzed with specific RARs
ntibodies (RARa SA-157, Biomol; RARb SA-158, Biomol; RARg
c-550, Santa Cruz) according to the manufacturer’s instruction.

Electrophoretic mobility shift assay (EMSA). Oligonucleotides
R2 crbpI sens (59-AGCTTGTAGGTCAAAAGGTCAGAC-39) and
R2 crbpI anti (59-AGCTGTCTGACCTTTTGACCTACA-39) corre-

ponding to the retinoic acid responsive element RARE DR2 se-
uence from the crbpI promoter with additional HindIII cohesive
nds were radiolabeled and annealed using the following conditions:
00 pmol of each oligonucleotide were mixed in a PCR tube in the
99
resence of 5 units of Taq DNA polymerase and 125 mCi of
a-32P]dATP in a 100-mL final volume. Annealing and radiolabeling
ere performed in a thermocycler with the following parameters:
enaturation at 94°C for 1 min, annealing at 60°C for 1 min, radio-
abeling at 68°C for 10 min and cooling to 4°C at 0.1°C/s. Competitor
robe RARE crpbI ARE-PAL (ARE PAL sens 59-AGCTTA-
AACAGCATGTTCTG-39 and ARE PAL anti 59-GATCCAG-
ACATGCTGTTCTA-39) were prepared using the same conditions
xcept that 1 mL 1 mM dATP was used in place of [a-32P]dATP. The
ligonucleotide concentration was adjusted to 1 pmol/mL. EMSA
eactions (30 mL) contained 2 pmol of radiolabeled oligonucleotide,
nd LNCaP nuclear extract (1 mg) in the presence of varying
mounts of competitor oligonucleotides (1, 2, 4, 8, and 16 pmol), 1 mg
oly(dI–dC), 0.1% Triton X-100, 1 mM DTT, 100 mM Tris–HCl, pH
.0, and 50 mM KCl. After 1 h, mixtures were subjected to electro-
horesis through a 7% polyacrylamide gel containing 0.1% Triton
-100 and 13 Tris borate buffer (0.2 M borate and 0.045 M Tris) for
h at 130 V. Gels were subsequently dried and exposed overnight on
-ray films (Kodak X-AR).

ESULTS AND DISCUSSION

emplate-Competition Study of Isoform Switch

Alternative splicing of the fgf 8 primary transcript
eads to a pattern of expression, which is the most
omplex among the members of fgf gene family [23].
hereas other fgfs have a single exon 1 (Fig. 1, top),

he corresponding sequence in fgf 8 consists of four
ifferent exons (exon 1a, -b, -c, and -d) which are com-
ined during splicing to yield the various isoforms of
GF8 (Fig. 1, bottom). Moreover, alternative splicing
llows two possibilities for exon 1 d (1d or 1d9). The
ifferent FGF8 isoforms (FGF8a, -b, -e, and -f) contain
dentical 59- and 39-termini, but the splicing between
he exon 1b (or 1c for FGF8e and -f) and exon 1d (or 1d9
or FGF8 b and -f) is different (Fig. 2A). Hence, this
lternative splicing of primary mRNA results in the
roduction of four mRNAs different in length, the ex-
ression of which can be analyzed after reverse tran-
cription and amplification.
Although PCR has proven to be useful in amplifying

pecific mRNAs (especially those present at a low copy
umber), the absolute quantification of the amount of
iscrete mRNAs present in the starting material can
ometimes be difficult. The splicing characteristics of
GF8 were such that we opted for an adaptation of an
legant technique described by Gilliland [24]. This
ethod uses the competition of an identical set of prim-

rs for different templates. One main advantage of
uch an approach over other attempts for quantitative

FIG. 1. Schematic representation of the genomic organization of
he fgf gene family (top) and of fgf8 gene (bottom).
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T–PCR is that the read-out comes as a ratio between
wo RNA species out of one experiment, which elimi-
ates variables inherent to the sensitivity of PCR ex-
eriments.
In a first “template-competition” study, primer pairs
ere designed as follows (also depicted in Fig. 1C). The
rimer pair {FT1/FT2} was used as a general amplifi-
ation system for the generation of a 256-bp fragment
ommon to the mRNAs of all FGF8 isoforms. The used
rimer pair {FT1/FT3} was designed for ‘template-
ompetition’ analysis of differential expression of the
GF8 isoforms; i.e., oligonucleotides were correspond-

ng to sequences common to the four mRNA species but
ocated on both sides of the alternatively spliced region.
herefore, the size of the generated PCR product de-
ends directly on the type of FGF8 isoform: 333, 366,
20, and 453 bp for FGF8a, -b, -e, and -f, respectively.
s more than one PCR product is generated, the com-
etition in the reaction for making a second product is
xponentially increasing which renders this latter un-
etectable when a threshold ratio between the starting
mounts of the two mRNAs templates is passed. This
henomenon is expected to be even more pronounced in
ur case where nested PCR (hence double amplifica-
ion) was used. Figure 2B depicts the results of total
GF8 expression and a template competition-PCR for
he detection of FGF8 isoforms with or without retinoic
cid induction (panels II and I, respectively). Intensi-
ies of bands in panel I show that no significant differ-

FIG. 2. RT–PCR analysis of fgf8 expression in LNCaP cells. (A)
DNA corresponding to the isoforms of human FGF8a, b, e, and f a
epicted as arrows. Calculated size of specific products is indicated to
rom RNA of LNCaP cells after 24 h of culture in absence (panel I) or

aterials and Methods) are shown in lanes 1 and 2.
100
nce occurs between total expression levels of fgf 8
RNAs after 24 h of culture (lanes 3 and 4). Template

ompetitive-PCR (primers {FT1/FT3}) (Fig. 2, panel I),
nly shows a band corresponding to the size of FGF8b
366 bp, panel I, lanes 5 and 6). Panel II compares the
esults of the same experiments before and after 24 h of
xposure to RA. The template competition reaction
primers {FT1-FT3}) demonstrates that the predomi-
ance of FGF8b at time zero switches within 24 h to
he expression of FGF8a product as the major isoform
lane 5 versus lane 6). Note that FGF8 expression
emains stable during this time experiment ({FT1–
T2}; lanes 3 and 4).

rimer-Competition Study

Since we only observed the expression of isoforms
GF8a and -b, we further analyzed the dynamics of the
witch between these two mRNA species. We per-
ormed a primer-competition study designed to be spe-
ific for FGF8a and b isoforms. The experimental
cheme is summarized in Fig. 3A. The oligonucleotide
equence of primer {Fa} is complementary to the splic-
ng junction between exons 1b and 1d. Hence, primer
air {FT1/Fa} produces a 300-bp fragment, specifically
epresenting the amplification of FGF8a. Similarly,
rimer pair {FT1/Fb} is designed as a specific amplifi-
ation system for FGF8b. Sequence of primer {Fb} cor-
esponding to the splicing junction between exons 1b–

ternative splicing of the primary mRNA of the fgf 8 gene. The four
shown. Position and orientation of primers FT1, FT2 and FT3 are

right of each isoform. (B) Agarose gel analysis of RT–PCR products
esence (panel II) of retinoic acid (RA). Controls RT–PCR (HPRT, see
Al
re
the
pr
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d9, and in this case, the generated PCR product has an
xpected size of 333 bp.
The primer-competition experiment was set up as

ollows: the primer triplet {FT1-Fa-Fb} was incorpo-
ated into the PCR so that the two specific primer pairs
T1 1 Fa and FT1 1 Fb could compete for the produc-

ion of their respective isoforms. When the three prim-
rs were simultaneously present in the reaction (Fig.
B; lanes 4, 5, and 6), one can observe a switch occur-
ing between t 5 0 h, where only FGF8b is detected; t 5

h where both isoforms are present; and t 5 24 h,
here FGF8a appears as the predominant isoform.
sing the same RNA sample, the PCR using a primer
air common to all isoforms {FT1–FT2} showed consis-
ency in the levels of total FGF8 (lanes 7 to 9). This
onfirmed the occurrence of a “switch” in the expres-
ion of the two isoforms: i.e., FGF8b mRNA levels
ecreases while FGF8a becomes detected as the dom-
nantly expressed species.

The experimental set up that was used in the primer
ompetition study allowed the observation of another
haracteristic of the RA-induced isoform switch. The
esults of the RT–PCR performed 6 h after RA induc-
ion, shows presence of bands corresponding to both
soforms FGF8a and -b (lane 5). In turn, this means
hat the process resulting in the isoform switch is ini-
iated earlier than 6 h after induction.

FIG. 3. Primer competition study of fgf8a and b isoform expressi
pecific PCR product are indicated. Arrows depict position and orie
pecific primer pairs for isoforms FGF8a and -b following RA induct
101
xpression of Retinoic Acid Receptors in LNCaP Cells

To preliminary investigate possible actors responsi-
le for this unique RA-induced phenomenon in LNCaP
ells, we next analyzed the expression of several vari-
nts of RARs by immunoblot. Nuclear extract was pre-
ared and analyzed using antibodies specific for each
ubtype (RARa, -b, and g) after denaturing electro-
horesis. The obtained immunoblots (Fig. 4A) revealed
he presence of retinoic acid receptor RARa (lane 1)
hereas subtypes RARb and RARg were not detected

lanes 2 and 3). The ability of the same nuclear extract
o form nucleoprotein complex was analyzed by elec-
romobility shift experiment using a radiolabeled oli-
onucleotide corresponding to the sequence of the reti-
oic acid responsive element of crbp I gene (59-
tAGGTCAaaAGGTCAga-39; [25]). A retarded complex
as observed after coincubation of LNCaP nuclear ex-

ract and radiolabeled-DR2 CRBPI oligonucleotide
Fig. 4B, lane 2, panels I and II). Specificity of the
rotein–DNA interaction was then assessed by compe-
ition with increasing concentrations of unlabeled DR2
RBPI or with an unspecific oligonucleotide corre-
ponding to the consensus androgen-responsive ele-
ent (ARE; 59-AGAACAgcaTGTTCT-39; panel II). In-

ensity of retarded band only decreased in presence of
ompeting amount of DR2 CRBPI (compare lanes 3 to

(A) Schematic representation of fgf8 isoforms FGF8a and -b. size of
tion of primers. (B) Agarose gel analysis of RT–PCR products with
at indicated time. Other details are as in Fig. 2.
on.
nta
ion
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from panels I and II) demonstrating the specificity of
he observed nucleoprotein complex.

Among retinoic acid receptors, RARg has been de-
cribed as having a major impact in the normal devel-
pment of the prostate in mouse [26]. Moreover, ex-
ression of RARs isoforms in human prostate is
ifferent between normal and cancer status: whereas
ARg is the predominantly detected subtype in normal
rostate tissues, prostate cancer tissues show expres-
ion of RARa [27]. This is in agreement with our ob-
ervations in LNCaP cells.
Altogether, our results show that addition of retinoic

cid has a profound effect on the differential expression
f two isoforms of fgf8 in a cell line expressing RARa. It
ill be interesting to study further the mechanisms
nderlying this phenomenon, possibly at the transcrip-
ional level. Indeed, it is already tempting to hypothe-
ize that retinoic acid receptor(s) could exert their tran-
criptional regulator function on the promoter of fgf8
ene. This would in turn provide valuable insights into
he possible link between a morphogen and a growth
actor both involved in proliferation/differentiation sta-
us of cells.

CKNOWLEDGMENTS

We are grateful to Dr. A. Brinckmann for generously providing
NCaP cells. We thank Drs. J-M. Egly, T. Klimkait, and S. Ferrari

or critical reading of the manuscript.

EFERENCES

1. Heikinheimo, M., Lawshe, A., Shackleford, G. M., Wilson, D. B.,
and Mac-Arthur, C. A. (1994) Fgf-8 expression in the post-
gastrulation mouse suggests roles in the development of the face,
limbs and central nervous system. Mech. Dev. 48, 129–138.

2. Crossley, P. H., and Martin, G. R. (1995) The mouse Fgf8 gene
encodes a family of polypeptides and is expressed in regions that
direct outgrowth and patterning in the developing embryo. De-
velopment 121, 439–451.

FIG. 4. Expression of retinoic acid receptors in LNCaP cells. (A)
mmunoblot detection of retinoic acid receptors (RARa, b and g) in
NCaP cells nuclear extract. (B) EMSA analysis of retinoic acid
eceptor in LNCaP nuclear extract. Analysis of band shift specificity
y competition with increasing amounts of unlabeled specific (DR2
RBPI, panel I) and unspecific (ARE, panel II) oligonucleotides.
102
N., Colquhoun, K., Martin, P., Lumsden, A., Dickson, C., and
Mason, I. (1995) A role for FGF-8 in the initiation and mainte-
nance of vertebrate limb bud outgrowth. Curr. Biol. 78, 547–552.

4. Ohuchi, H., Yoshioka, H., Tanaka, A., Kawakami, Y., Nohno, T.,
and Noji, S. (1994) A chick wingless mutation causes abnormal-
ity in maintenance of Fgf8 expression in the wing apical ridge,
resulting in loss of the dorsoventral boundary. Biochem. Biophys.
Res. Commun. 204, 882–888.

5. Crossley, P. H., Minowada, G., Mac-Arthur, C. A., and Martin,
G. R. (1996) Roles for FGF8 in the induction, initiation, and
maintenance of chick limb development. Cell 84, 127–136.

6. Mac-Arthur, C. A., Shankar, D. B., and Shackleford, G. M. (1995)
Fgf-8, activated by proviral insertion, cooperates with the Wnt-1
transgene in murine mammary tumorigenesis. J. Virol. 69,
2501–2507.

7. Lorenzi, M. V., Long, J. E., Miki, T., and Aaronson, S. A. (1995)
Expression cloning, developmental expression and chromosomal
localization of fibroblast growth factor-8. Oncogene 10, 2051–
2055.

8. Tanaka, A., Miyamoto, K., Minamino, N., Takeda, M., Sato, B.,
Matsuo, H., and Matsumoto, K. (1992) Cloning and character-
ization of an androgen-induced growth factor essential for the
androgen-dependent growth of mouse mammary carcinoma
cells. Proc. Natl. Acad. Sci. USA 89, 8928–8932.

9. Mac-Arthur, C. A., Lawshe, A., Shankar, D. B., Heikinheimo, M.,
and Shackleford, G. M. (1995) FGF-8 isoforms differ in NIH3T3
cell transforming potential. Cell Growth Diff. 6, 817–825.

0. Ghosh, A. K., Shankar, D. B., Shackleford, G. M., Wu, K., T’Ang,
A., Miller, G. J., Zheng, J., and Roy-Burman, P. (1996) Molecular
cloning and characterization of human FGF8 alternative mes-
senger RNA forms. Cell Growth Diff. 7, 1425–1434.

1. Leung, H. Y., Dickson, C., Robson, C. N., and Neal, D. E. (1996)
Over-expression of fibroblast growth factor-8 in human prostate
cancer. Oncogene 12, 1833–1835.

2. Tanaka, A., Furuya, A., Yamasaki, M., Hanai, N., Kuriki, K.,
Kamiakito, T., Kobayashi, Y., Yoshida, H., Koike, M., and
Fukayama, M. (1998) High frequency of fibroblast growth factor
(FGF) 8 expression in clinical prostate cancers and breast tis-
sues, immunohistochemically demonstrated by a newly estab-
lished neutralizing monoclonal antibody against FGF 8. Cancer
Res. 58, 2053–2056.

3. Rudra-Ganguly, N., Zheng, J., Hoang, A. T., and Roy-Burman, P.
(1998) Downregulation of human FGF8 activity by antisense
constructs in murine fibroblastic and human prostatic carcinoma
cell systems. Oncogene 16, 1487–1492.

4. de The, H., and Dejean (1992) A retinoic acid receptor alpha in
acute promyelocytic leukaemia. Cancer Surv. 14, 195–203.

5. Lotan, R. (1980) Effects of vitamin A and its analogs (retinoids)
on normal and neoplastic cells. Biochim. Biophys. Acta 605,
33–91.

6. Strickland, S., and Mahdavi, V. (1978) The induction of differ-
entiation in teratocarcinoma stem cells by retinoic acid. Cell 15,
393–403.

7. Hsing, A. W., Comstock, G. W., Abbey, H., and Polk, B. F. (1990)
Serologic precursors of cancer. Retinol, carotenoids, and tocoph-
erol and risk of prostate cancer. JNCI 82, 941–946.

8. Reichman, M. E., Hayes, R. B., Ziegler, R. G., Schatzkin, A.,
Taylor, P. R., Kahle, L. L., and Fraumeni, J. F. (1990) Serum
vitamin A and subsequent development of prostate cancer in the
first National Health and Nutrition Examination Survey Epide-
miologic Follow-up Study. Cancer Res. 50, 2311–2315.

9. Gronemeyer, H., and Laudet, V. (1995) Transcription factors 3:
Nuclear receptors. Protein Profile 2, 1173–1308.



20. Chambon, P. (1996) A decade of molecular biology of retinoic acid

2

2

2

2

Guide to Methods and Applications (Innis, M. A., Ed,), pp. 60–

2

2

2

Vol. 272, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
receptors. FASEB J. 10, 940–954.
1. De Vos, S., Dawson, M. I., Holden, S., Le, T., Wang, A., Cho,

S. K., Chen, D. L., and Koeffler, H. P. (1997) Effects of retinoid X
receptor-selective ligands on proliferation of prostate cancer
cells. Prostate 32, 115–121.

2. Hong, W. K., and Sporn, M. B. (1997) Recent advances in che-
moprevention of cancer. Science 278, 1073–1077.

3. Gemel, J., Gorry, M., Ehrlich, G. D., and Mac-Arthur, C. A.
(1996) Structure and sequence of human FGF8. Genomics 35,
253–257.

4. Gilliland, G., Perrin, S., and Bunn, F. H. in PCR Protocols: A
103
69, Academic Press, London.
5. Smith, W. C., Nakshatri, H., Leroy, P., Rees, J., and Chambon, P.

(1991) A retinoic acid response element is present in the mouse
cellular retinol binding protein I (mCRBPI) promoter. EMBO J.
10, 2223–2230.

6. Lohnes, D., Kastner, P., Dierich, A., Mark, M., LeMeur, M., and
Chambon, P. (1993) Function of retinoic acid receptor gamma in
the mouse. Cell 73, 643–658.

7. Pasquali, D., Thaller, C., and Eichele, G. (1996) Abnormal level
of retinoic acid in prostate cancer tissues. J. Clin. Endocrinol.
Metab. 81, 2186–2191.


	MATERIALS AND METHODS
	FIG. 1

	RESULTS AND DISCUSSION
	FIG. 2
	FIG. 3
	FIG. 4

	ACKNOWLEDGMENTS
	REFERENCES

