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Retinoic acid receptors (RARs) are nuclear transcription factors that mediate the effects 
of retinoids. Aberrant expression and regulation of RARs have been linked to various 
malignancies, including steroid-related breast and cervical cancers. Our previous results 
also suggest that prostate cancer is associated with altered RAR signaling. To 
understand the relationship between RAR signaling and prostate cancer, the current study 
examined the cellular distribution of RAR- , -ß, and -  in human prostate tissues exhibiting different pathologic 
conditions. In histologically normal epithelium, both RAR-  and -  were present throughout the epithelium with 
minimal nuclear accumulation. RAR-ß was present only in basal epithelial nuclei. On the contrary, RAR-  was 
significantly increased in the nuclei of luminal epithelial cells, and both RAR-ß and -  were increased in basal and 
luminal epithelial nuclei in glands exhibiting benign prostatic hyperplasia (BPH). RAR-  was also increased in luminal 
epithelial nuclei in glands exhibiting prostatic intra-epithelial neoplasia (PIN). In these glands, RAR-ß was persisting 
in basal epithelial nuclei that were also RAR-  positive. In low- and intermediate-grade cancerous glands, RAR-  
was also significantly increased in luminal epithelial nuclei, and a strong RAR-  signal was seen in some cells. RAR-
ß was absent in these glands. Both RAR-  and -  were also increased in high-grade cancer cells. In conclusion, 
current results demonstrated changes in cellular distribution of RAR-  and -  in human prostate tissues exhibiting 
different pathologies. These results suggest links between altered RAR signaling and deregulated cell growth and/or 
tumorigenic transformation of prostate epithelial cells.  
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Prostate cancer poses serious health problems for aging men; its occurrence has been increasing over 

the past 20 years and is expected to double by the year 2030 (Boyle et al, 1996). Although androgen-

related cellular events are involved in the genesis and progress of the disease (Bostwick et al, 

1991), disease progression after androgen ablation indicates that androgen-independent mechanisms 

are involved in these processes (Thalmann et al, 1994). Retinoids are essential for the development 

and differentiated function of various organs and tissues, including the prostate (De Luca, 1991; 

Aboseif et al, 1997). The prostate becomes regressed during vitamin A deficiency and is associated 

with metaplasia of the epithelia (Wolbach and Howe, 1925; Thompson et al, 1964). The latter suggests 

a link between vitamin A malnutrition and tumorigenic transformation of prostate epithelial cells. 

Prevention of chemical-induced prostate carcinogenesis by retinoid analogs (Pollard et al, 1991; 

Pienta et al, 1993; Stearns et al, 1993) also demonstrates chemoprevention and therapeutic efficacy 

of retinoid in prostate malignancy. 

Retinoids exert their cellular effects by binding to and activation of retinoic acid receptors 

(RARs) and retinoid X receptors (RXRs), which are members of the steroid and thyroid hormone 

receptor superfamily (Evans, 1988; Chambon, 1995). These receptors are transcription factors that, 

upon ligand binding, modulate the expression of target genes and result in cascades of biochemical 

events leading to changes in cellular function (Mangelsdorf et al, 1995). Aberrant expression and 

signaling of RARs and RXRs have been linked to various malignancies, including those of the breast, 

lung, cervix, and promyeloytic leukemia (de The et al, 1990; Gebert et al, 1991; Roman et al, 1993; 

Geisen et al, 1997). While the importance of RAR signaling in prostate cell biology and 

pathophysiology has also been suggested (Huang et al, 1997; Richter et al, 1999), and abnormal 

retinoid nutritional states in human prostate cancer tissues have been reported (Pasquali et al, 

1995), the function of RAR signaling in the pathogenesis and/or progression of prostate neoplasia 

remained undefined. By using in situ hybridization, Lotan et al (2000) reported the presence of 

messenger RNA (mRNA) transcripts for RAR-  and -  in human prostate epithelium but observed no 

changes in these transcripts under different pathophysiologic conditions. On the other hand, 

Gyftopoulos et al (2000a,b) reported increased RAR-  in prostate cancer tissues and a correlation 

between the abundance of RAR-  and the grades of the disease, thus suggesting a role of RAR-  

signaling in the progression of prostate cancer. An overexpression of RAR-  has also been reported 

in tumorigenic rat prostate epithelial cells (Richter et al, 1999). In order to understand the 

function of RAR signaling in human prostate cancer biology, the present study examined the cellular 

distribution of RAR- , -ß, and -  in normal and pathologic human prostate tissues. Results of these 

experiments demonstrated differences in the cellular distribution of these receptors in tissues 

exhibiting different pathophysiology. These results emphasize the importance of RAR signaling in 

prostate cell biology and perhaps the genesis and progression of prostate cancer.   

 

 

Archived, formalin-fixed, paraffin-embedded human prostate tissues obtained 

by radical prostatectomies or transurethral resection at the Division of 

View this table:
[in this window]
[in a new window]

  

Summary of the cellular distribution of different RARs in human prostate tissues* 
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Urology, University of Medicine and Dentistry of New Jersey-University 

Hospital between 1994 and 2000 were used. A total of 25 cases of primary 

prostatic adenocarcinoma (low grade with Gleason score <7, n = 17; high grade 

with Gleason score >7, n = 8) from men between the ages of 51 and 79 were examined. None of these 

patients had undergone prior hormonal treatment. In addition, histologically normal prostates from 5 

patients who underwent cystoprostatectomy for bladder cancer were used as control. These tissue 

blocks were sectioned (4 µm in thickness) and stained with hematoxylineosin (HE) for pathological 

diagnosis and Gleason grading, as well as for immunostaining of RARs. This study was approved by the 

Institutional Review Board of both the New Jersey Medical School and the East Orange VA Medical 

Center.  

Specificity of RAR Antibodies

The antibodies used in the present experiment were affinity-purified rabbit polyclonal antibodies 

raised against peptides mapping at the carboxy terminal of RAR- , -ß, and -  of human origin (Santa 

Cruz Biotechnology Inc, Santa Cruz, Calif). To verify the specificity of these antibodies, 

recombinant human RAR- , -ß, and -  proteins (Wolfgang et al, 1997) were immunoblotted using 

standard 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (BioRad Laboratories, 

Hercules, Calif).  

Immunostaining of RAR- , -ß, and -  

The sections were deparaffinized in xylene and hydrated in graded ethanol, and antigens (RARs) were 

retrieved by boiling the sections in 0.01 M Na citrate (pH 6.0) for 30 minutes. Immunostaining of 

RAR- , -ß, and -  was performed using the DAKO Catalyzed Signal Amplification System by procedures 

outlined by the manufacturer (DAKO Corp, Carpinteria, Calif). For negative control, the primary 

antibodies were replaced with antibodies that were incubated with 50-fold excess of corresponding 

purified peptide or recombinant protein at 4°C overnight. For each specimen, immunostaining of each 

RAR was performed at least twice at different times. In each section, 4 to 6 areas of similar 

pathological conditions were examined independently by 2 individuals (F.R. and H.F.S.H.) to 

establish the staining pattern for each RAR. The intensity of staining in the nuclei or cytoplasm 

was scored 0 to 3 arbitrarily to reflect negative, light, moderate, and strong, respectively. The 

pathological conditions were then diagnosed by 2 pathologists (A.J. and F.F.) using HE-stained 

adjacent sections.  

 

Figure 1 shows the specificity of antibodies used in this experiment. Each of 

the antibodies interacted only with its respective recombinant receptor 

protein.  

Results
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The Table summarizes the patterns of cellular distribution of RARs in human prostate under different 

pathophysiologic conditions. In histologically normal tissues (Figure 2A), RAR-  was uniformly 

distributed in glandular epithelium (Figure 2B). Of the 61 glands examined, low-moderate intensity 

of RAR-  was detected in approximately 75% of luminal epithelial cells, and RAR-  containing 

granules/vesicles were frequently seen at the luminal edge of the epithelium. Immunostaining 

intensity of RAR-  in the nuclei was not significantly greater than that in the cytoplasm (Figure 

2B). In contrast, RAR-ß was seen only in basal epithelial nuclei in more than 80% of normal glands 

(Figure 2C). Like RAR- , a low level of RAR-  was also present in normal epithelium without 

significant nuclear accumulation (Figure 2D). Frequently, RAR-  was detected in basal epithelial 

nuclei of some glandular tissues (Figure 2D).  

 

Cellular distributions of RARs were altered in glands and cells exhibiting different pathologies. In 

glands exhibiting BPH, RAR-  was also present throughout the epithelium but with increased intensity 

of RAR-  in the nuclei of luminal epithelial cells (Figure 2F). Unlike those in normal glands, 

moderate intensities of both RAR-ß and -  were present in epithelial cytoplasm, as well as in basal 

and luminal epithelial nuclei in BPH glands (Figure 2G and H).  

View larger version 
(60K):

[in this window]
[in a new window]

  

Figure 1. Immunoblottings of retinoic acid receptors (RARs) , ß, and . 
Recombinant RAR- , -ß, and -  proteins were electrophoresed using 
standard 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
and blotted onto polyvinylidene difluoride membranes. The blots were 
incubated with anti-human RAR-  (A), RAR-ß (B), and RAR-  (C) anti-
bodies and visualized using the ECL+ Western blot detection system.

View larger 
version (104K):
[in this window]
[in a new window]

  

Figure 2. Immunohistochemical localization of retinoic acid receptors (RARs) , ß, 
and  in human prostate. (A-D) Normal epithelium. (A) Hematoxylineosin (HE)-
stained normal glands. (B) RAR-  was uniformly distributed in the epithelium without 
significant nuclear accumulation but tended to accumulate at the luminal edge in 
some cells. (C) In these glands, RAR-ß was present mainly in the nuclei of basal 
epithelial cells (arrowheads). On rare occasions, an RAR-ß—positive nucleus of 
nonepithelial cells (arrow) was observed near the base of the epithelium. (D) Low 
intensity of RAR-  was detected homogeneously throughout the epithelium. High 
intensity of RAR-  was present in basally located nuclei of some glands 
(arrowheads). (E-H) Benign prostatic hyperplasia (BPH) glands. (E) HE-stained BPH 
glands. (F) In these BPH glands, RAR-  was present in both the cytoplasm and nuclei 
of luminal epithelial cells (arrows). (G) In addition to luminal epithelial nuclei (arrows), 
RAR-ß, was also present in the basal epithelial nuclei (arrowheads) of BPH glands. 
(H) This micrograph shows that RAR-  was present in both the basal (arrowheads) 
and luminal (arrows) epithelial nuclei of the BPH glands.



In glandular epithelium containing prostatic intraepithelial neoplasia (PIN), there was a 

significant increase in nuclear RAR-  in luminal epithelial cells. It was estimated that more than 

80% of luminal epithelial nuclei of the PIN exhibited a moderate to strong RAR-  signal (Figure 3B). 

In these glands, RAR-ß was also present in basal epithelial nuclei (Figure 3C) and in nuclei of some 

basally located cells adjacent to cancerous glands or cells (Figures 3G and 4C). Unlike that in BPH 

glands, RAR-  was increased only in basal epithelial nuclei of glands exhibiting PIN. Such increases 

were seen in 12 of the 15 specimens examined (Figure 3D).  

 

 

In the low- and intermediate-grade cancerous glands, there was a general increase in the RAR-  

signal in epithelial cells with 2 distribution patterns that sometimes coexisted within the same 

specimen. In approximately 90% of the low-grade cancerous glands (Gleason grade 2), a moderate 

strength signal of RAR-  was present in most nuclei similar to that in the PINs (data not shown). 

While a moderate to strong signal of RAR-  was also seen in the nuclei of intermediate-grade 

(Gleason grade 3) cancer cells (Figure 3F), the number of such nuclei appeared to be less than that 

of the lower grade cancer cells. In approximately 60% of low- and intermediate-grade cancerous 

View larger 
version (112K):
[in this window]
[in a new window]

  

Figure 3. Immunohistochemical localization of retinoic acid receptors (RARs) , ß, 
and  in human prostate. (A—D) High-grade prostatic intra-epithelial neoplasia (PIN). 
(A) Hematoxylin-eosin (HE)-stained high-grade PIN. (B) In these glands, a high 
abundance of RAR-  was detected in luminal epithelial nuclei (arrows). (C) On the 
other hand, RAR-ß was persisting only in basal epithelial nuclei of these glands 
(arrowheads). (D) Unlike that in benign prostatic hyperplasia (BPH) glands, RAR-  
was significantly increased only in basal epithelial nuclei of glands exhibiting PIN 
(arrowheads). (E—H) Intermediate-grade prostate cancer (Pca) glands (Gleason 
grade 3). (E) HE-stained Pca glands. (F) In these Pca glands, a moderate to strong 
RAR-  signal was detected in the nuclei of some of the cancer cells (arrows) but not 
in the others. While RAR-ß was absent in these Pca glands (G), it was present in 
some basally located nuclei (arrows) of a nearby gland exhibiting PIN. (H) In these 
Pca glands, RAR-  was present only in some cells (arrowheads) within each gland.

View larger 
version (108K):
[in this window]
[in a new window]

  

Figure 4. Immunohistochemical localization of retinoic acid receptors (RARs) , ß, 
and  in human prostate. (A-D) High-grade prostate cancer (Pca) cells (Gleason 
grade 4). (A) Hematoxylin-eosin (HE)-stained high-grade Pca cells. (B) In most of 
these cells, a moderate to strong RAR-  signal was detected in both the cytoplasm 
and nuclei (arrowheads). (C) While RAR-ß in these high-grade Pca cells was 
negligible, it was detected in some basally located nuclei of a nearby prostatic intra-
epithelial neoplasia (PIN) gland (arrows). The morphology of these nuclei excluded 
them as basal epithelial cells. Identity of these cells remained undetermined. (D) 
Unlike the RAR- , a strong RAR-  signal was present only in the nuclei of high-grade 
Pca cells (arrowheads). (E-G) Negative controls for the immunostaining of RAR- , -ß, 
and - , respectively. Preadsorption of each antibody with respective antigen or 
recombinant protein at 4°C overnight eliminated immunostaining of each RAR. The 
insert in each photomicrograph shows positive staining of respective RARs in 
adjacent sections.



glands, a moderate to strong RAR-  signal was present in the cytoplasm of some cells with or without 

significant nuclear staining (data not shown). In these glands, RAR-ß was usually absent (Figure 

3G), and RAR-  was present in isolated cells with or without nuclear staining (Figure 3H).  

There was an even greater increase in RAR-  in highgrade (Gleason grade 4) cancer cells (Figure 4A). 

It was estimated that more than 80% of high-grade cancer cells (8 specimens, n = 36 areas) contained 

high levels of RAR-  in both the nuclei and cytoplasm (Figure 4B). In 7 of 8 specimens, a moderate 

to strong intensity of RAR-  was present in the nuclei of high-grade cancer cells (Figure 4D). The 

presence of RAR-ß in high-grade cancer cells was negligible (Figure 4C). Preadsorption of antibodies 

with their respective antigen or recombinant protein eliminated the immunostaining of each RAR 

(Figure 4E through G).  

 
Because of the importance of RAR signaling in normal differentiation (De

Luca, 1991), links between abnormal RAR expression and malignancies (de The 

et al, 1990; Gebert et al, 1991; Geisen et al, 1997), and effectiveness of 

RAR analogs in cell growth inhibition (Houle et al, 1993; Lotan et al, 1995; 

Lu et al, 1999), the mechanisms mediating the RAR signaling in cell growth 

and therapeutic efficacy have been studied extensively. While in vitro growth inhibition of human 

prostate cancer cells by RAR or retinoid analogs has been reported (Jones et al, 1997; Lu et al, 

1999; Hammond et al, 2001), findings regarding the in vivo therapeutic efficacy of these compounds 

remained limited and controversial (Trump, 1994). In order to facilitate the use of retinoid/RAR-

based therapies in prostate malignancy, an understanding of the cellular distribution of different 

RARs in prostate cells under normal and pathologic conditions is essential. Lotan et al (2000) found 

no differences in the level of mRNA transcripts for RAR-  and -  among tissues with distinct 

pathologies and postulated that RAR-  and -  perhaps had no significant role in prostate malignancy. 

On the other hand, Gyftopoulos et al (2000a,b) reported an increased RAR-  protein level that 

correlated with the grades of prostate cancer, thus suggesting a link between altered RAR-  

signaling and progression of the disease. Results of the current experiment were consistent with the 

latter and further demonstrated increases of RAR-  in cells that were associated with BPH and PIN. 

In addition, we observed differences in the expression and cellular distribution of RAR-ß and -  in 

human prostate cells that were associated with different pathophysiologic conditions.  

The presence of RAR-  in normal epithelium with relatively weak nuclear localization suggests that 

perhaps a minimal RAR-  signaling is sufficient for normal epithelial functions. The frequent 

appearance of granular RAR-  at the luminal edge of the epithelium might be due to the crowding of 

the epithelium and has been reported previously (Gyftopoulos et al, 2000b). On the contrary, 

increases in nuclear RAR-  in epithelial cells that were associated with BPH, PIN and various grades 

of cancer imply that RAR-  signaling events might have been exaggerated in these cells. Of note, 

increases in nuclear RAR-  in BPH glands occurred while cytoplasmic RAR-  persisted, whereas that in 

the PIN, and the low- and intermediate-grade prostate cancer glands occurred without the significant 

presence of cytoplasmic RAR- . Such differences suggest variations in the intracellular shuttling of 

RAR-  protein. These effects were dictated by disease states of the cell and could be attributed to 

the induction or posttranslation modification of RAR- . Energy metabolism and ligand availability 

have been shown to affect nucleotranslocation of the progesterone receptor (Guiochon-Mantel et al, 

1991), and increased nuclear localization of RAR-  has been observed in rat prostate epithelial 

cells after castration (Huang et al, unpublished data). The biphasic changes in RAR-  intensities 

among low-, intermediate-, and high-grade cancer cells were consistent with the findings of 
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Gyftopoulos et al (2000a). These findings, together with an overexpression of RAR-  mRNA in 

tumorigenic rat prostate epithelial cells (Richter et al, 1999), emphasize the involvement of RAR-  

signaling in tumorigenic transformation and/or deregulated cell growth of prostate epithelial cells. 

A correlation between the expression of the Ki-67 antigen and RAR-  in prostate cancer cells 

(Gyftopoulos et al, 2000a) is consistent with a role for RAR-  in deregulated cell growth.  

The presence of RAR-ß in basal epithelial cells of normal tissues was consistent with its mRNA 

distribution (Lotan et al, 2000). Because of the absence of RAR-ß mRNA in malignant prostate glands 

and its decrease in basal epithelial cells of adjacent normal glands, Lotan et al (2000) postulated 

that tumorigenic transformation of prostate cells was associated with a decrease in RAR-ß 

expression. This postulate was based on the reported efficacy of RAR-ß in growth suppression of lung 

cancer cells (Houle et al, 1993) and correlates between clinical outcome and increased RAR-ß in 

premalignant oral lesions after isotretinoin administration (Lotan et al, 1995). Results of the 

current study, however, demonstrated the persistence of RAR-ß in basal epithelial nuclei in 

epithelium exhibiting BPH and PIN. The cause for such a discrepancy perhaps can be attributed to 

feedback regulation of transcription and translation of the RAR-ß gene. In the rat prostate, 

postcastration increases in RAR-  mRNA were preceded by a decrease in RAR-  protein (Huang et al, 

unpublished data). Of note, RAR-ß protein was also increased in epithelial cytoplasm and nuclei of 

luminal epithelial cells in BPH glands. Such a phenomenon was not seen in normal glands or in those 

exhibiting PIN. This finding thus suggests a distinct relationship between RAR-ß signaling and BPH. 

The lack of RAR-ß in low-grade cancer glands is consistent with the absence of basal epithelial 

cells in such glands. In addition, RAR-ß was also detected in some basally located cells in 

epithelium containing PIN neighboring cancerous cells or glands. While the identity of these cells 

remains to be determined, increased nuclear RAR-ß in these cells might reflect their response to the 

presence of tumorigenic cells in their surroundings.  

An increase in RAR-  in basal epithelial nuclei of high PIN and BPH glands suggests that basal 

epithelial cells of these glands might share certain similarities and could contribute to the 

genesis of these pathologic conditions. This postulate is based on a recent finding demonstrating 

that estrogen-induced metaplastic transformation of mouse prostate cells involved the proliferation 

of cells with basal cell phenotype (Risbridger et al, 2001). Alternatively, such an increase might 

reflect the response of basal epithelial cells to abnormal or deregulated cell growth in the luminal 

compartment. Of note, RAR-  was also increased in luminal epithelial nuclei of BPH glands but not of 

the PINs and most low-grade cancer cells. Such a difference again distinguishes cells that 

associated with benign deregulated cell growth and those with tumorigenic potential. Significant 

increases of RAR-  in some low-grade cancerous cells suggest that they might be undergoing further 

tumorigenic changes, since a strong RAR-  signal was also detected in the nuclei of high-grade 

cancer cells.  

RARs, as dimeric partners with RXRs, interact with the retinoic acid-responsive element on the 

promoter of target genes to modulate the expression of these genes causing changes in cellular 

activities (Mangelsdorf et al, 1995). The retinoid—RAR complex could also affect cellular function 

by interfering with gene expression via the c-jun/c-fos (AP-1) signaling pathway (Schule et al, 

1991; Pfahl, 1993; Saatcioglu et al, 1994) that has been linked to oncogenesis (Angel and Karin, 

1991). The AP-1 signaling pathway has been reported to mediate the cell growth effect of retinoid on 

human lung cancer cells (Wan et al, 1997), as well as the cell suppression effect of retinoid on 

ovarian cancer cells (Soprano et al, 1996) and Calu-6 human lung cancer cells (Fanjul et al, 1994; 

Chen et al, 1995).  

Retinoic acid has been shown to stimulate cell growth in human prostate tumor lines, including PC-3, 



LNCaP, and DU-145 (Fong et al, 1993; Esquenet et al, 1996; Jones et al, 1997), but to inhibit cell 

growth in primary human prostate cell lines (Peehl et al, 1993), canine prostate adenocarcinoma, and 

normal canine prostate epithelium (Jones et al, 1997). These results suggest that the tumorigenic 

transformation of prostate cells may alter their growth response to retinoic acid. Dose-dependent 

and opposite effects of testosterone on the expression of RAR-  and -  mRNAs in nontumorigenic and 

tumorigenic rat prostate epithelial cells (Richter et al, 1999) further suggest that RAR signaling 

may mediate some of the effects of testosterone on prostate cells; such effects may be altered after 

tumorigenic transformation. The reported modulation of the growth of LNCaP cells by RXR analogs (De 

Vos et al, 1997) and DU145 cells by the RAR-  agonist and antagonist (Fanjul et al, 1996; Lu et al, 

1999) is also consistent with the involvement of RAR and RXR signaling in prostate cancer cell 

growth. In addition, interaction between RAR and other members of the receptor family such as the 

vitamin D receptor (Blutt et al, 1997; Campbell et al, 1998) could also affect the growth response 

of prostate carcinoma cells to retinoids. A reduced retinoid concentration in cancerous tissue 

(Pasquali et al, 1995) could, on the one hand, trigger metaplasia and/or tumorigenic transformation 

of the neighboring epithelial cells and result in new foci of cancer cells. On the other hand, it 

could initiate feedback mechanisms and result in compensatory increases of RAR proteins and alter 

the balance of different RAR signaling events and downstream cellular effects. A combination of 

these changes could thus contribute to the progression of the disease.  

In summary, current results demonstrate distinct cellular distributions of RAR- , -ß, and -  in 

human prostate tissues that exhibit BPH, PIN, and low- or high-grade cancer. These results implicate 

the RAR signaling events in neoplasia of human prostate epithelial cells. The distinct distribution 

pattern of these receptors under different pathologic conditions may qualify them as adjuvant 

markers for specific disease states. Since retinoids exert their cellular effects through RAR 

signaling, increased nuclear RARs in prostate cancer cells may render these cells more vulnerable to 

RAR analogs. In this regard, specific RAR-  and -  analogs have been found to be effective in the 

suppression of prostate carcinoma cells (Lu et al, 1999; Hammond et al, 2001).  

 

We thank Dr Dianne Soprano for her generous gift of recombinant RAR- , -ß, and -  proteins used in 

the immunoblots.  

 

Supported by the UMD-New Jersey Medical School Dean's Biomedical Research Support Funds, the C. R. 

Bard Endowed Fund, and a grant from DVARR&D Service. F.R. was a recipient of a training grant (Ri 

773/2-1) from the Deutsche Forschungsgemeinschaft, Germany, and S. W. was supported in part by the 

Henan Tumor Hospital, Zhengzhou, China.  

 
Aboseif SR, Dahiya R, Narayan P, Cunha GR. Effect of retinoic acid on 
prostatic development. Prostate.1997; 31:161 -167.[Medline] 

Angel P, Karin M. The role of jun, fos and AP-1 complex in cell 
proliferation and transformation. Biochim Biophys Acta. 1991;1072:129 -157.
[Medline]

   Acknowledgments 

   Footnotes 

   References 
Top
Abstract
Materials and Methods
Results
Discussion
References



Blutt SE, Allegretto EA, Pike JW, Weigel NL. 1,25-dihydroxyvitamin D3 and 9-cis retinoic acid act 

synergistically to inhibit the growth of LNCaP prostate cells and cause accumulation of cells in G1. 
Endocrinology.1997; 138:1491 -1497.[Abstract/Free Full Text] 

Bostwick DG, Sole Balcells F, Cooner WH, et al. Benign prostatic hyperplasia (BPH) and cancer of the 
prostate. In: Proceedings of the International Consultation on Benign Prostatic Hyperplasia (BPH). 
Paris: SCI; 1991:139 -159. 

Boyle P, Maisonneuve P, Napalkov P. Incidence of prostate cancer will double by year 2030: the 
argument for. Eur Urol.1996; 29(suppl 2):3 -9. 

Campbell MJ, Park S, Uskokovic MR, Dawson MI, Koeffler HP. Expression of retinoic acid receptor ß 
sensitizes prostate cancer cells to growth inhibition mediated by combination of retinoids and a 19-
nor hexafluoride vitamin D3 analog. Endocrinology.1998; 139:1972 -1980.[Abstract/Free Full Text] 

Chambon P. The molecular and genetic dissection of the retinoid signal pathway. Recent Prog Horm 
Res.1995; 50:317 -332. 

Chen J-Y, Penco S, Ostrowski J, et al. RAR-specific agonist/antagonists which dissociate 
transactivation and AP-1 transrepression inhibit anchorage-independent cell proliferation. EMBO J. 
1995;14:1187 -1197.[Medline] 

De Luca LM. Retinoids and their receptors in differentiation, embryogenesis and neoplasia. FASEB 
J.1991; 5:2924 -2933.[Abstract] 

de The H, Chomienne C, Lanotte M, Degos L, Dejean A. The t(15;17) translocation of acute 
promyelocytic leukemia fuses the retinoic acid receptor alpha gene to a novel transcribed locus. 
Nature.1990; 347:558 -561.[Medline] 

De Vos S, Dawson MI, Holden S, Le T, Wang A, Cho SK, Chen DL, Koeffler HP. Effects of retinoid X 
receptor-selective ligands on proliferation of prostate cancer cells. Prostate.1997; 32:115 -121.
[Medline]

Esquenet M, Swinnen JV, Heyns W, Verhoeven G. Control of LNCaP proliferation and differentiation: 
actions and interactions of androgens, 1 , 25-dihydroxycholecalciferol, all-trans retinoic acid, 9-
cis retinoic acid and phenylacetate. Prostate.1996; 28:182 -194.[Medline] 

Evans RM. The steroid and thyroid hormone receptor superfamily. Science. 1988;240:889 -895.
[Abstract/Free Full Text]

Fanjul A, Dawson MI, Hobbs PD, et al. A new class of retinoids with selective inhibition of AP-1 
inhibits proliferation. Nature. 1994;372:107 -111.[Medline] 

Fanjul AN, Delia D, Pierotti MA, Rideout D, Qiu J, Pfahl M. 4-hydroxyphenyl retinamide is a highly 
selective activator of retinoid receptors. J Biol Chem.1996; 271:22441 -22446.
[Abstract/Free Full Text]

Fong CJ, Sutkowski DM, Braun EJ, Bauer KD, Sherwood ER, Lee C, Kozlowski JM. Effect of retinoic acid 
on the proliferation and secretory activity of androgen responsive prostatic carcinoma cells. J 
Urol. 1993;149:1190 -1194.[Medline] 

Gebert JF, Moghal N, Frangioni JV, et al. High frequency of retinoic acid beta abnormalities in 
human lung cancer. Oncogene. 1991;6:1859 -1868.[Medline] 

Geisen C, Denk C, Gremm B, Baust C, Karger A, Bollag W, Schwarz E. High-level expression of the 
retinoic acid receptor ß gene in normal cells of the uterine cervix is regulated by the retinoic 



acid receptor  and is abnormally down-regulated in cervical carcinoma cells. Cancer Res.1997; 
57:1460 -1467.[Abstract/Free Full Text] 

Guiochon-Mantel A, Lescop P, Chrisin-Maitre S, Loosfelt H, Perrot-Applanat M, Milgrom E. 
Nucleocytoplasmic shuttling of the progesterone receptor. EMBO J.1991; 10:3851 -3859.[Medline] 

Gyftopoulos K, Perimenis P, Sotiropoulou-Bonikou G, Sakellaropoulos G, Varakis I, Barbalias GA. 
Immunohistochemical detection of retinoic acid receptor-  in prostate carcinoma: correlation with 
proliferative activity and tumor grade. Int Urol Nephrol.2000a; 32:263 -269.[Medline] 

Gyftopoulos K, Sotiropoulou G, Varakis I, Barbalias GA. Cellular distribution of ratinoic acid 
receptor-  in benign hyperplastic and malignant human prostates: comparison with androgen, estrogen 
and progesterone receptor status. Eur Urol.2000b; 38:323 -330.[Medline] 

Hammond LA, Van Krinks CH, Durham J, Tomkins SE, Burnett RD, Jones EL, Chandraratna RA, Brown G. 
Antagonist of retinoic acid receptors (RARs) are potent growth inhibitors of prostate carcinoma 
cells. Br J Cancer. 2001;85:453 -462.[Medline] 

Houle B, Rochette-egly C, Bradley WE. Tumor suppressive effect of the retinoic acid receptor beta in 
human epidermoid lung cancer cells. Proc Natl Acad Sci USA.1993; 90:985 -989.
[Abstract/Free Full Text]

Huang HFS, LI MT, Von Hagen S, Zhang YF, Irwin JR. Androgen modulation of the messenger ribonucleic 
acid of retinoic acid receptors in the prostate, seminal vesicles and kidney in the rat. 
Endocrinology.1997; 138:553 -559.[Abstract/Free Full Text] 

Jones HE, Eaton CL, Barrow D, Dutkowski C, Griffiths K. Response of cell growth and retinoic acid 
receptor expression to retinoic acid in neoplastic and non-neoplastic cell lines. Prostate.1997; 
30:174 -182.[Medline] 

Lotan R, Xu XC, Lippman SM, Ro YJ, Lee JS, Lee JJ, Hong WK. Suppression of retinoic acid receptor 
beta in premalignant oral lesions and its up-regulation by isotretinoin. N Engl J Med.1995; 332:1405 
-1410.[Abstract/Free Full Text] 

Lotan R, Xu XC, Shalev M, Lotan R, Williams R, Wheeler TM, Thompson TC, Kadman D. Differential 
expression of nuclear retinoid receptors in normal and malignant prostates. J Clin Oncol.2000; 
18:116 -121.[Abstract/Free Full Text] 

Lu X-P, Fanjul A, Picard N, Shroot B, Pfahl M. A selective retinoid with high activity against an 
androgen-resistant prostate cancer cell type. Int J Cancer.1999; 80:272 -278.[Medline] 

Mangelsdorf DJ, Thummel C, Beato M, et al. The nuclear hormone receptor super-family: the second 
decade. Cell.1995; 83:835 -840.[Medline] 

Pasquali D, Thaller C, Eichele G. Abnormal level of retinoic acid in prostate cancer tissues. J Clin 
Endocrinol Metab.1995; 8:2186 -2191. 

Peehl DM, Wong ST, Stamey TA. Vitamin A regulates proliferation and differentiation of human 
prostatic epithelial cells. Prostate. 1993;23:69 -78.[Medline] 

Pfahl M. Nuclear receptor/AP-1 interaction. Endocr Rev. 1993;14:651 -658.[Medline] 

Pienta KJ, Nguyen NM, Lehr JE. Treatment of prostate cancer in the rat with the synthetic retinoid 
fenretinide. Cancer Res. 1993;53:224 -226.[Abstract/Free Full Text] 

Pollard M, Luckert PH, Sporn MB. Prevention of primary prostate cancer in Lobund Wistar rats by N-
(4-hydroxyphenyl retinamide). Cancer Res.1991; 51:3610 -3611.[Abstract/Free Full Text] 



Richter F, Huang HFS, Li MT, Irwin RJ. Differential regulation of normal and carcinoma rat prostate 
epithelial cells by testosterone and retinoic acid. Expression of retinoic acid receptors and 
epidermal growth factor receptor. Mol Cell Endocrinol.1999; 153:29 -38.[Medline] 

Risbridger GP, Wang H, Frydenberg M, Cunha GR. The metaplastic effects of estrogen on mouse prostate 
epithelium: proliferation of cells with basal cell phenotype. Endocrinology.2001; 142:2443 -2450.
[Abstract/Free Full Text]

Roman SD, Ormandy CJ, Manning DL, Blamey RW, Nicholson RI, Sutherland RL, Clark CL. Estradiol 
induction of retinoic acid receptors in human breast cancer cells. Cancer Res.1993; 53:5940 -5945.
[Abstract/Free Full Text]

Saatcioglu F, Helmberg A, Karin M. Modulation of immune function through interference between 
nuclear receptors and AP-1. Fundam Clin Immunol. 1994;2:27 -36. 

Schule R, Rangarajan P, Yang N, Kliewer S, Ransone LJ, Bolado J, Verma IM, Evans RM. Retinoic acid 
is a negative regulator of AP-1-responsive genes. Proc Natl Acad Sci USA.1991; 88:6092 -6096.
[Abstract/Free Full Text]

Soprano DR, Chen LX, Wu S, Donigan AM, Borghaei RC, Soprano KJ. Over expression of both RAR and RXR 
restores AP-1 repression in ovarian adenocarcinoma cells resistant to retinoic acid-dependent growth 
inhibition. Oncogene. 1996;12:577 -584.[Medline] 

Stearns ME, Wang M, Fudge K. Liarozole and 13-cis-retinoic acid antiprostatic tumor activity. Cancer 
Res.1993; 53:3073 -3077.[Abstract/Free Full Text] 

Thalmann GN, Anezinis PE, Chang SM, et al. Androgen-independent cancer progression and bone 
metastasis in the LNCaP model of human prostate cancer. Cancer Res.1994; 54:2577 -2581.
[Abstract/Free Full Text]

Thompson JN, Howell JMcC, Pitt GAJ. Vitamin A and reproduction in rat. Proc R Soc B.1964; 159:510 -
534.[Medline]

Trump DL. Retinoids in bladder, testis and prostate cancer: epidemiologic, pre-clinical and clinical 
observations. Leukemia.1994; 3(suppl):S50 -54. 

Wan H, Dawson MI, Hong WK, Lotan R. Enhancement of Calu-1 human lung carcinoma cell growth in serum-
free medium by retinoids: dependence on AP-1 activation, but not on retinoid response element 
activation. Oncogene. 1997;15:2109 -2118.[Medline] 

Wolbach S, Howe PR. Tissue changes following deprivation of fat-soluble A vitamin. J Exp Med.1925; 
42:753 -777.[Abstract] 

Wolfgang CL, Zhang ZP, Gabriel JL, Pieringer RA, Soprano KJ, Soprano DR. Identification of 
sulfhydryl-modified cysteine residues in the ligand binding pocket of retinoic acid receptor ß. J 
Biol Chem. 1997;272:746 -753.[Abstract/Free Full Text] 

This article has been cited by other articles: 



C. Jeronimo, R. Henrique, M. O. Hoque, F. R. Ribeiro, J. Oliveira, D. 
Fonseca, M. R. Teixeira, C. Lopes, and D. Sidransky
Quantitative RAR{beta}2 Hypermethylation: A Promising Prostate 
Cancer Marker
Clin. Cancer Res., June 15, 2004; 10(12): 4010 - 4014.  
[Abstract] [Full Text] [PDF] 

 

This Article

Abstract  

Full Text (PDF) 

Alert me when this article is cited 

Alert me if a correction is posted 

Services

Similar articles in this journal 

Similar articles in PubMed 

Alert me to new issues of the journal 

Download to citation manager 

Citing Articles

Citing Articles via HighWire 

Citing Articles via Google Scholar 

Google Scholar

Articles by Richter, F. 

Articles by Huang, H. F. S. 

Search for Related Content 

PubMed

PubMed Citation 

Articles by Richter, F. 

Articles by Huang, H. F. S. 

HOME HELP FEEDBACK SUBSCRIPTIONS ARCHIVE SEARCH TABLE OF CONTENTS


