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1. ABSTRACT 
 

Clinical trials have explored the use of natural 
and synthetic retinoids for the prevention of bladder cancer 
recurrence. Natural retinoids have been shown to inhibit 
bladder cancer growth. Here, we compared the effects of 
natural and synthetic retinoids in bladder cancer cells. 
Bladder cancer cell lines were treated with all-trans-
retinoid acid (ATRA), N-4-hydroxyphenyl-retinamide (4-
HPR) and 6-[3-(1-adamantyl)-4 hydroxyphenyl]-2-
naphthalene carboxylic acid (CD437). Their effects on cell 
growth, apoptosis, cell cycle, gene expression, and retinoid 
acid receptors (RARs) and the JWA-retinoid response gene 
were assessed. Most of the bladder cancer cells were 
resistant to ATRA (1 and 10 µM). 4-HPR inhibited cell 
growth by 90% at 10 µM; however, CD437 showed the 
same effect at 1 µM. 4-HPR and CD437 increased G1 and 
decreased S phase. The three retinoids differentially 
affected p53, RARs, and JWA. Only CD437 increased 
Caspase 3 expression. The results demonstrated that 4-HPR 
and CD437 were more potent growth inhibitors and 
apoptosis inducers than ATRA. However, 4-HPR was 
effective at a concentration at least 10 µM. The in vitro 
results suggested the higher dose of 4-HPR in 
chemoprevention trial be considered.  

 
 
 
 
 
2. INTRODUCTION  
 

Retinoids are a group of compounds that regulate 
cell growth and differentiation. In a clinical trial (1), a 
synthetic retinoid has been shown to reduce bladder cancer 
recurrence with low toxicity generating increasing attention 
towards the use of synthetic retinoids in bladder cancer 
chemoprevention and treatment (2-3). N-(4-
hydroxyphenyl) retinamide (4-HPR), a synthetic amide of 
retinoic acid, is being used in a clinical trial conducted by 
the Southwestern Oncology Group and the University of 
Texas MD Anderson Cancer Center, to prevent and treat 
recurrent superficial bladder cancer. However, the result is 
inclusive. 4-HPR has been shown to inhibit carcinoma 
formation in rodents in the mammary gland, lung, prostate, 
bladder, and liver, and is less toxic than other retinoids (3-
4), making it an excellent candidate for cancer 
chemoprevention. Several clinical trials have used 4-HPR 
to prevent the recurrence of head and neck cancer, breast 
cancer, prostate cancer, and bladder cancer in man (5-8). 
CD437 is a selective synthetic retinoid and strong apoptosis 
inducer (9), and has been investigated in many different 
cancer types. CD437 has an anti-proliferative effect in 
breast cancer, lung cancer, ovarian cancer, leukemia, and 
melanoma (10-14). Although it has been reported that
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Table 1. Retinoid structure 
Retinoids Structure 
 All-trans retinoic acid (ATRA) 

 
N-4-hydroxyphenyl-retinamide (4-HPR) 

 
6-[3-(1-adamantyl)-4 hydroxyphenyl]-2-naphthalene carboxylic acid (CD437) 

 
 

 CD437 transactivates both RARβ- and RARγ- selective 
ligand when used at 1 µM (10-16), apoptosis induction by 
CD437 through RARs is controversial (14-17). Reports 
demonstrate that CD437 not only induced RAR-γ-
dependent differentiation in contrast to ATRA but also 
induced RAR-γ-independent apoptosis (14-17), suggesting 
that this new retinoid is worthy of attention.  

 
Nuclear retinoid receptors are the proximate 

mediators of many of the effects of retinoids on gene 
expression. Two types of receptors have been identified: 
retinoic acid receptors (RARs) and retinoid X receptors 
(RXRs). The RARs bind to ATRA and 9-cis-retinoic acid 
(9cRA), a natural retinoic acid isomer, which binds to both 
RARs and RXRs (18-22). RARs can form heterodimers 
with RXRs and bind to retinoic acid response elements, 
specific DNA sequences that are characterized by direct 
repeats of (A/G)GGTCA separated by two or five 
nucleotides that act as ligand-dependent transcriptional 
regulators for retinoic acid-responsive genes (21, 22).  

 
JWA is a novel putative cytoskeleton associate and 

retinoic acid response gene first isolated from human 
tracheal bronchial epithelial cells by Zhou et al (23). 
Although several JWA homologue genes have been 
identified, little is known about the critical biological 
function of the gene. In previous studies (23-25), a JWA 
homologue gene was identified from rat tracheal epithelial 
cells. It was found that four nucleotides in its coding 
regional sequence are different from that in man. A 
promoter fragment of the gene (621-base pairs) was cloned 
from human samples and a complete TPA (phorbol-12-
myristate-13-acetate) responsive element (TRE), 
(TGACTCA) was identified. Several in vitro cell culture 
models have been initiated to study the structure and 
function of this gene (24, 25).  

 
We compared the natural retinoid ATRA with two 

synthetic retinoids, 4-HPR and CD437, in growth and 
apoptosis induction, cell cycle analysis, and cell cycle 
checkpoint gene expression by real time Quantitative 
Reverse Transcriptase Polymerase Chain Reaction (QRT-
PCR), and Western blot.  We also compared the effect of 
these retinoids on JWA expression.  
 
3. METHODS 
 
3.1. Bladder cancer cell lines and retinoids 

The characterization of the human bladder cancer 
cell lines has been reported (26). Cells were grown in a 1:1

 
(v/v) mixture of Dulbecco's modified Eagle's minimal 
essential medium and Ham's F12 with 10% fetal bovine 
serum at 37 oC in a humidified atmosphere of 95% air and 
5% CO2.   

 
ATRA were purchased from Sigma (St. Louis, 

MO). 4-HPR, a synthetic retinoid, was obtained from the 
Cancer Prevention Branch at the National Cancer Institute. 
CD437 was obtained from Dr. Reuben Lotan, MD 
Anderson Cancer Center. The structure of the three 
retinoids is shown in Table 1. The retinoids were dissolved 
in 0.1 mM dimethylsulfoxide as stock solutions and stored 
in an atmosphere of N2 at –80oC. 

 
3.2. Effects of retinoids on cell proliferation in 
monolayer cultures 

Cells were plated in 96-well plates at a 
concentration of 104 cells/well and grown for 24 h. The 
cells were then incubated with 1 µM, or 10 µM of ATRA, 
4-HPR or CD437 for 5 days. Control cultures received the 
same amount of DMSO as did the treated cultures. Growth 
inhibition was determined using the crystal violet method 
as described previously (26). Briefly, after 5 days of 
treatment, cells were fixed by 5% glutaraldehyde in 
phosphate-buffered saline (PBS), rinsed with distilled 
water, and dried completely. Cells were incubated in a 1:1 
(v/v) mixture of 200 mM 3-(cyclohexylamino)-1-
propanesulfonic acid (CAPS; pH 9.5) and 0.2% crystal 
violet at 25oC for 30 min, and then were washed and dried.  
The fixed and stained cells were solubilized with 10% 
glacial acetic acid, and the absorbance at A590 nm was 
determined using a plate reader. Growth inhibition was 
calculated according to the equation: inhibition = (1-Nt/Nc) 
x 100, where Nt and Nc are the numbers of cells in treated 
and control cultures, respectively. All experiments were 
performed in triplicate and the mean ± standard deviations 
were calculated. 
 
3.3. Cell cycle analysis by propidium iodide (PI) 
staining 

Cells were treated with 1, 5 and 10 µM ATRA 
and 4-HPR or 1 µM CD437 for 2 days. Cells were 
harvested by trypsinization, fixed in 4% paraformaldehyde 
pH 7.4, and washed and then incubated in 70% ethanol 
containing 1% HCl at -20oC for 10 min.  Cells were stained 
with 500 µl of propidium iodide/RNase A solution in the 
dark for 30 min at room temperature. Cells were then 
analyzed by flow cytometry using a FACScan flow 
cytometer (BD Biosciences, San Jose, CA) with a 15 mW 
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Argon laser used for excitation at 488 nm. Fluorescence 
was measured at 585/42 nm. Computer analysis of the data 
using BD Biosciences Cellquest Pro, ModFit LT by Verity 
Software provided information on the proportion of cells in 
G1, S, and G2 phases of the cell cycle. 

 
3.4. Analysis of apoptosis induced by ATRA, 4HPR or 
CD437 

In-situ apoptosis staining. Cells were treated with 
10 µM ATRA, 4HPR or 1 µM CD437 for 2 days. 
Following this treatment, the attached and floating cells 
were collected. Cytospins were prepared, fixed in 10% 
formalin for 10 min at room temperature, and kept at -20oC 
until use.  Slides were washed in distilled water with 0.5% 
triton X-100 for 10 min 2-3 times, and then incubated with 
20 µg/ml Proteinase K for 15 min at 37oC. The slides were 
washed again and incubated with 1 X TDT (Terminal 
Deoxynucleotidyl Transferase) buffer (Gibco/BRL) for 15 
min at room temperature, and incubated with 0.3 µg/µl 
TDT plus biotinylated dUTP 20mM in TDT buffer 
(Gibco/BRL) for 1 hr at 37oC.  The slides were then 
washed and stained with Avidin-Biotin-peroxidase 
Complex Vectastain- (ABC kit). 
 

DNA ladder formation (26). Cells were incubated 
for 3 days in medium supplemented with 10 µM of ATRA, 
4HPR, or 1 µM CD437. The cells were resuspended in 
Tris-EDTA buffer, pH 8.0 and lysed in 10 mM Tris-HCl, 
pH 8.0, 10 mM EDTA, and 0.5% Triton X-100 on ice for 
15 min. The lysates were centrifuged at 12,000 g for 15 
min to separate soluble (fragmented) from pellet (intact 
genomic) DNA. Soluble DNA was treated with RNase A 
(50 µg/mL) at 37oC for 1 hr, followed by treatment with 
proteinase K (100 µg/mL) in 0.5% SDS, at 50oC for 2 hrs.  
The residual material was extracted with 
phenol/chloroform, precipitated in ethanol, electrophoresed 
in a 1.8% agarose gel, stained with ethidium bromide, and 
examined for DNA ladder formation by observation under 
UV light. 

Terminal deoxynucleotidyl transferase (TdT)-
mediated fluorescein-deoxyuridine-triphosphate (dUTP) 
nick-end labeling (TUNEL) assay (26). Following 
incubation with 10 µM ATRA or 4-HPR or 1 µM CD437, 
cells were collected at 6, 12, 24 and 48 hours and fixed in 
1% formaldehyde in PBS (pH 7.4). For the assay, cells 
were first suspended in 1 mL wash buffer containing 
cacodylic acid, Tris-HCl buffered solution, and sodium 
azide in a Phoenix flow cytometry kit (Phoenix Flow 
Systems, San Diego, CA). Approximately 105 cells were 
resuspended in 50 µl staining buffer containing Tris-HCl 
buffer, TdT, and fluorescein-12-dUTP (Phoenix Flow 
Systems). Cells were incubated at 37oC for 60 min and 
stained with 500 µl of propidium iodide/RNase A solution 
in the dark for 30 min at room temperature. They were then 
analyzed by flow cytometry using a FACScan flow 
cytometer (BD Biosciences, San Jose, CA) with a 15 mW 
argon laser with excitation at 488 nm.  Fluorescence was 
measured at 585/42 nm. The Phoenix flow cytometry kit 
included suspensions of cells that served as negative and 
positive controls for apoptosis. Computer analysis used 
Cellquest Pro (BD Biosciences), and data processing 

ModFit LT by Verity Software to provide information on 
the percentage of apoptotic cells. 

3.5. Analysis of nuclear retinoic acid receptors by real 
time Q RT-PCR 

Real time Q RT-PCR was performed utilizing the 
7700 Sequence Detector (Applied Biosystems, Foster City, 
CA). Specific quantitative assays for RARα, β, and γ  were 
developed using Primer Express software (Applied 
Biosystems) following the recommended guidelines based 
on sequences from Genbank. Total RNA was extracted 
from bladder cells by Tri-reagent, cDNA was synthesized 
and RT-PCR was performed as previously reported (26). 
Due to the inherent inaccuracies in quantitating total RNA 
by absorbance, the amount of RNA  in each sample was 
determined by measuring GAPDH transcript levels. The 
final data were normalized to GAPDH and are presented as 
the molecules of transcript/molecules of GADPH x 100 (% 
GAPDH).   
 

Data analysis for relative quantitation using a 
housekeeping gene involves running identical cDNA 
against both a gene-of-interest (i.e. RAR) and a 
housekeeping gene (GAPDH), then calculating the cycle 
change between treatment and control groups. The purpose 
of the housekeeping gene is to make a final adjustment for 
unequal amounts of starting material. For this type of 
analysis, it is critical that the housekeeping gene does not 
change across experimental conditions. The ∆∆Ct for each 
gene is caluclated according to the equation:  ∆∆Ct = 
Cttreatment condition - Ctcontrol condition 

 
2^(- ∆∆Ct) = Fold Change, “Ct” means: the cycle at which 
the reaction crossed the threshold. 
 

If Fold Change > 1.0, the gene is up-regulated 
relative to the control 

 
If Fold Change is <1.0, the gene is down-regulated 

relative to the control. 

3.6. Western blot analysis 
  Nuclear and cellular proteins were extracted from 
control (0 µM) and treated (1 µM CD437, 10 µM ATRA or 
4-HPR) cells after incubation for 2 days as described in our 
earlier study (26). Nuclear proteins (30 µg/lane) were 
electrophoresed in 8% polyacrylamide gels in the presence 
of 0.1% SDS, then transferred to nitrocellulose membranes. 
The membranes were incubated with mouse IgG 
monoclonal antibody against p53, p21, GADD45, (Santa 
Cruz Biotech, Santa Cruz, CA) and JWA monoclonal 
antibody was blotted. Blots were washed and then 
incubated with a peroxidase-conjugated anti-mouse 
antibody (Amersham). Immunoreactive bands were 
detected using an enhance chemiluminescence reagent 
(Amersham). The blots were stripped and then incubated 
with mouse anti-β-actin antibody (Sigma, St. Louis, MO), 
followed by a second antibody to assess  protein loading. 

3.7. Immunofluorescence microscopy 
  Immunofluorescence staining was performed 
after T24 cells were treated with 1 and 5 µM ATRA or 4-
HPR for 3 days. Briefly, cells were fixed with 100%
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Figure  1. Effect of three retinoids on growth of human 
bladder cancer cells in monolayer cultures. Cells were 
grown for 5 days in the absence (control) or presence of 1 
µM (upper panel) or 10 µM (lower panel) concentration of 
ATRA, 4-HPR, or CD437. The culture medium was 
changed on day 3. Values are means ± SD of triplicate 
cultures. The percentage of growth inhibition was 
calculated using the equation: % GI = (1-Nt/Nc) x 100; 
where Nt and Nc represent the numbers of cells in treated 
and control cultures, respectively.  
 

 
 
Figure  2. T24 cells were harvested and then stained with 
propidium iodide for cell cycle analysis. The data on DNA 
content distribution are presented as bar graph. The 
percentage of cell populations in the G1, G2, and S phases 
were analyzed at different concentrations of retinoids. 
ATRA: upper panel, 4HPR: mid-panel, and CD437: lower 
panel. 

methanol for 5 min and permeabilized by 1% (v/v) Triton 
X-100 in PBS for 5 min. The cells were washed with PBS 
four times and incubated with the appropriately diluted 
antiserum containing 1:100 normal goat sera as a blocking 
agent. Cells were incubated with a 1:300 dilution of 
polyanti-JWA and species-specific anti-IgG antibodies 
conjugated to FITC (Sigma, St. Louis, MO). Fluorescence 
was observed using an IX-70 invert system fluorescence 
microscope (Olympus, Japan) with a 100×oil immersion 
objective. Images were recorded with a PM30 automatic 
photomicrographic system. 
 
4. RESULTS 
 
4.1. Growth inhibitory effect of different retinoids on 
human bladder cancer cell lines 

Three retinoids were compared at 1 µM or 10 µM 
for their effect on the growth of 8 human bladder cancer 
cell lines grown in monolayer cultures.  As we previously 
reported, most of the bladder cancer cell lines were 
resistant to ATRA at 1 µM. Increasing the concentration of 
ATRA increased the growth inhibitory effect by over 50% 
in 3 out of 8 cell lines (Figure  1). 4-HPR had little effect 
on bladder cancer growth at 1 µM. However at 10 µM, 4-
HPR resulted in increased cell growth inhibition (Figure  
1). 4-HPR inhibited the growth of all 8 cell lines by 70-
80% after 5 days of treatment at 10 µM (Figure  1). CD437 
had greater efficacy with 70-90% growth inhibition in all 
the cell lines at 1 µM (Figure 1). Increasing the 
concentration to 10 µM did not alter CD437 induced cell 
growth inhibition.     
 

4.2. Cell cycle analysis in bladder cancer cells 
Both the synthetic retinoids 4-HPR and CD437 

effectively induced apoptosis in bladder cancer cells. DNA 
content and cell cycle analysis were performed on T24 cells 
after treatment with the three retinoids. ATRA increased 
the G1 phase and decreased the S phase only slightly 
compared with 4-HPR treated cells (Figure 2, upper and 
mid panel). Increasing concentrations of ATRA only 
slightly changed the G1 or S phase (Figure 2, upper panel). 
4-HPR increased G1 and decreased S phase in a dose-
dependent manner (G1 phase in control was 6.53%, 1 µM – 
11.05%, 5 µM -29.80%, and 10 µM G1 was 93.5%; Figure  
3, mid panel). CD437 at 1 µM had a similar effect as 4-
HPR with an increase in G1 from 30.21% to 56.96%. CD437 
also decreased the S phase (Figure 2, bottom panel). 
 
4.3.     Retinoid-induced apoptosis  

The effect of the three retinoids on the induction of 
apoptosis was tested in bladder cancer T24 cells. After 
treatment (from 6 to 48 hours), apoptosis was analyzed by 
in-situ apoptosis labeling, DNA fragmentation, and 
TUNEL assay. ATRA had little effect on apoptosis 
induction (Figure  3a); CD437 induced stronger and earlier 
apoptosis than 4-HPR.  

 
No ladder could be detected in control cells (treated 

with DMSO) nor in ATRA treated cells. The intensity and 
pattern of DNA laddering were similar in the 4-HPR and 
CD437-treated groups (Figure 3b).  
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Figure  3. Apoptosis induction in bladder cancer cells determined by in situ apoptosis labeling, DNA fragmentation, and TUNEL 
analysis. UM-UC 6 and T24 cells were treated with DMSO-control (c), 10 µM of ATRA (RA), 4-HPR (4H), or 1 µM CD437 
(CD). Floating and attached cells were collected after 2 days. 3a. T24 cells: Cytospining cells into pathologic slides, and slides 
were washed and incubated with TDT (Terminal Deoxynucleotidyl Transferase) labeled buffer, 0.3 µg/µl TDT plus biotinylated 
dUTP 20mM (see Methods). 3b. Soluble DNA from UM-UC 6 (UC6) and T24 cells was extracted and electrophoresed on a 2% 
agarose gel. The gel was stained with ethidium bromide and photographed under UV illumination. 3c. Time course analysis of 
apoptosis of T24 cells were determined by TUNEL assay. Cells were harvested and incubated with TdT in the presence of biotin-
labeled dUTP, stained with propidium iodide (PI) in RNase A solution. Apoptosis is represented by dark dots (fluorescence of 
individual cells) above the line in the upper panel.  The percentage of apoptotic cells is given in the lower panel. 
 
Time course of DNA content and apoptosis induction in 
bladder cancer cell lines were analyzed by TdT labeling 
and flow cytometry. ATRA results showed that even at 
10µM, there was little apoptosis induction (Figure  3c). At 
10µm, 4-HPR was more potent than ATRA in inducing 
apoptosis (Figure  3c). 4-HPR induced apoptosis was 
observed at 24 hr and reached a higher peak after 48 hours 
(Figure  3a). CD437 induced apoptosis at 1 µM at 6 hours 
and increased over time.  These data was consistent with 
the in-situ apoptosis labeling. 
 
4.4. Expression and induction of nuclear retinoid 
receptors 

Expression of nuclear retinoid receptors was 
analyzed in bladder cancer cell lines detected by real-time 
Q RT-PCR. All three retinoids increased RARβ expression 
in T24 cells (Figure 4).  However, in UM-UC-6 cells, 
ATRA increased RARβ expression, CD437 increased 
RARγ expression, and 4-HPR decreased all three receptors 
(Figure  4).  
 
4.5. Modulation of gene expression by ATRA, 4-HPR, 
and CD437 
We examined the effects of retinoids on the expression of 
the apoptosis-associated genes p53, p21, GADD45, and 
bcl-2. Cells were treated with 1 µM of the retinoids and 

p53 expression was detected in UM-UC-3, UM-UC-10, 
UM-UC-14, and RT4 cells. 4-HPR and CD437 increased 
p53 expression in UM-UC-10 and UM-UC-14 cells. 
CD437 only induced expression of p53 in UM-UC-2 cells 
(Figure  5). The expression of p21 was barely detectable in 
these cells and was not altered by retinoids (data not 
shown). Bcl-2 was detected in all eight bladder cancer cell 
lines tested, and its expression was decreased by 4-HPR 
and CD437 (Figure 5). ATRA did not induce expression of 
these genes (Figure  5). 

 
The dose response of the three retinoids on p53, 

Caspase 3, and JWA gene expression was assessed in UM-
UC-10 and UM-UC-14 cells. The three retinoids increased 
p53 expression in a dose-dependent manner (Figure 6a and 
6b). The three retinoids induced JWA gene expression in 
UM-UC-14 cells (Figure 6a and 6b). ATRA and 4-HPR 
failed to alter Caspase 3 expression, and only a high 
concentration of CD437 increased Caspase 3 expression 
(Figure 6a and 6b). 

4.6. JWA gene expression detected by 
immunofluorescence staining 
  JWA gene expression was induced by both 
ATRA and 4-HPR in a dose-dependent manner (Figure 7). 
Immunofluorescence staining showed stronger fluorescence
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Figure  4. Expression of RARα, RARβ,  RARγ, and RxRα 
in bladder cancer cell lines determined by Q RT-PCR 
analysis. Bladder cancer cells were treated with three 
retinoids for 3 days. The cells were then harvested, and the 
total RNA was extracted and analyzed by Q RT-PCR. . If 
fold change > 1.0, the gene is up-regulated relative to the 
control (equal to 1). If fold change is <1.0, the gene is 
down-regulated relative to the control. 
 

 
 
 
Figure  5. Effect of retinoids on p53, GADD45, and bcl-2 
protein expression in bladder cancer cells. Nuclear proteins 
were extracted from cells treated with 1 µM ATRA (RA), 
4-HPR (4H), or CD437 (CD) for 3 days. Fourty 
micrograms of nuclear proteins per lane was subjected to 
SDS-PAGE (polyacrylamide gel electrophoresis). The p53, 
GADD45, and bcl-2 proteins were identified by blotting 
with monoclonal antibodies. Immunoreactive bands were 
visualized using an enhanced chemiluminescence method 
(see Methods). The blots were stripped and then reblotted 
to mouse anti-β-actin antibody for assessment of loading in 
each lane. 
 
at higher concentrations of both ATRA and 4-HPR. The 
effect of ATRA on JWA gene expression was stronger than 
4-HPR, which coordinated with protein expression (Figure 
6).  

5. DISCUSSION 
 
 Synthetic retinoids have been used in clinical 
trials to prevent bladder cancer recurrence (1, 27-28). This 
study is the first to compare natural and synthetic retinoids, 
which have different receptor-binding preferences. We 
demonstrated that the synthetic retinoids (4-HPR and 
CD437) had stronger effects on growth inhibition and 
apoptosis induction than the natural one (ATRA). Both 
natural and synthetic retinoids induced RARs expression. 
However, 4-HPR and CD437 induced apoptosis in bladder 
cancer cells but ATRA did not. 
 

ATRA, which binds to RARs, had little effect on 
the growth and apoptosis of the bladder cancer cell lines we 
tested previously (26). In this study, only 3 out of 8 cell 
lines were growth inhibited >20% with ATRA used at 1 
µM, which might be related, in part, to RARβ constitutive 
expression.  ATRA increased the percentage of G1 phase 
slightly, suggesting that it may block cells in the G1 phase 
causing growth inhibition but not inducing apoptosis in 
these cells. However, RARβ mediates a growth inhibitory 
effect and induces apoptosis induction in breast cancer cells 
(29). 

4-HPR induced apoptosis more strongly and more 
quickly than ATRA in bladder cancer cells. 4-HPR induced 
apoptosis after 12hr treatment but only at 10 µM. 4-HPR 
may induce apoptosis through the retinoid receptor pathway 
or other pathways such as those involving oxygen species 
and mitochondria (30-32).  

 
CD437 induced the strongest effect on apoptosis 

and could be detected 6 hours earlier than 4-HPR. Since we 
compared ATRA, 4-HPR and CD437 at the same 
concentration and time course, the maximal efficacy of 
each individual agent may not have been achieved.  CD437 
induced apoptosis has been reported in various cell types 
and different tumors, and through different mechanisms 
(10-17). In our study, CD437 was the only agent which 
induced Caspase 3 expression, and this increase was also 
dose-dependent (Figure  6) and suggests that retinoids may 
act through different pathways in bladder cancer.  

 
Nuclear retinoid receptors are thought to be the 

ultimate mediators of retinoid actions. Alterations in their 
expression could affect cancer cell growth, differentiation 
and apoptosis. The receptors were modulated by the three 
retinoids. RARβ was induced in T24 cells in this study and 
in our previous study (26). ATRA induced RARβ and 
CD437 induced RARγ expression in UM-UC-6 cells. 
However, other receptors were either not altered or 
decreased, suggesting that receptor responses to a given 
retinoid are different. The natural retinoids ATRA and 9cis 
RA, and RARβ may induce apoptosis (29). However, most 
bladder cancer cell lines were resistant to natural retinoids, 
such as ATRA and 9cis RA treatment (26), and loss of 
expression of RARβ was found in most bladder cancer cell 
lines (26). Although ATRA strongly induced 
RARβ expression in UM-UC-6 cells, this agent failed to 
induce significant growth inhibition and had little effect on 
inducing apoptosis. There are reports that RARβ affects 
cell growth and apoptosis (15, 16). In T24 cells, the three  
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Figure  6.  Dose-response of p53, JWA, and Caspase 3 expression.  Nuclear proteins were extracted from cells treated with 
different concentration of retinoids for 3 days. Fourty micrograms of nuclear proteins per lane was subjected to SDS-PAGE 
(polyacrylamide gel electrophoresis). The p53, JWA, and Caspase 3 proteins were identified by blotting with monoclonal 
antibodies. The blots were stripped and then reblotted to mouse anti-β-actin antibody for assessment of loading in each lane. a. 
Immunoreactive bands were visualized using an enhanced chemiluminescence method. b. Data quantified for gene expression. 

 

 
 

Figure  7.  JWA retinoid response gene expression detected by immunofluorescence staining. T24 cells were fixed with 100% 
methanol. The cells were washed and incubated with polyclonal anti-JWA and species-specific anti-IgG antibodies conjugated to 
FITC. The fluorescent images were viewed under an IX-70 invert system fluorescence microscope with a 100×oil immersion 
objective.
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retinoids regulated  RARβ but not RARγ expression . 4-
HPR and CD437 induced strong apoptosis in these cells. 
The mechanism of apoptosis induction in bladder cancer is 
most likely not through one receptor. It is unlikely that lack 
of RARβ or RARγ expression had any effect on growth 
inhibition or apoptosis. An important fact is that the three 
retinoids can induce expression of the retinoid response 
gene JWA, which suggested that at least some of the 
receptors mediated retinoid function in bladder cancer cells. 
The JWA gene regulates cell differentiation and apoptosis 
in human primary acute promylocytic leukemia (APL) cells 
(24, 25).  

 
Mutations of the p53 gene have been associated 

with the development and progression of a number of 
human malignancies including bladder cancer (43-46). In 
our study, p53 expression was increased after treatment 
with ATRA and 4-HPR and the growth inhibitory effect of 
these retinoids may be dependent on p53 expression. 
ATRA was reported to decrease the amount of p53 mRNA 
and protein in F9 embryonal carcinoma cells (47-48) and in 
neuroblastoma cells (49, 50). ATRA is able to increase the 
stability of wild type p53 in certain non-small cell lung 
cancer (NSCLC) cell lines (51), increase p53 protein level 
in normal human bronchial epithelial (NHBE) cells, and 
decrease p53 levels in NSCLC cell lines (51).  

 

4-HPR modulated p53 function in human breast 
cancer cell lines (52), ovarian cancer cells (53), and 
prostate cancer cells (54, 55).  4-HPR enhanced the 
expression of GADD45 in bladder cancer cells with wild-
type p53 (UM-UC-6 and UM-UC-9), but failed to do so in 
cells with p53 mutations (UM-UC-3). Our results suggest 
that p53 may not be directly regulated by 4-HPR (56). The 
mechanism of p53-induced apoptosis is not well 
understood, but it may be that the equilibrium of bax and 
bcl-2, two principal and opposing protein components of 
apoptosis regulation that form neutralizing heterodimer 
complexes, is shifted by p53 in favor of cell death. ATRA 
decreased bcl-2 level in HL-60 myeloid leukemia cell lines 
(57) and in P19 embryonal carcinoma cells (49, 50) and 
induced apoptosis in these cell lines. Overexpression of 
bcl-2 can inhibit ATRA-induced apoptosis in embryonal 
carcinoma cells (49, 50) and delay the induction of 
apoptosis by 4-HPR (49). We reported previously that 
ATRA and 4-HPR decreased the level of bcl-2 protein in 
NSCLC cell lines (58). In the present study, we found that 
4-HPR could down-regulate the expression of bcl-2 in 
bladder cancer cells. 
 
6. CONCLUSIONS 
 
 The precise mechanism by which retinoids exert 
their chemopreventive effects is still unknown. ATRA 
effects on carcinogenesis might occur through 
transactivation of receptors. Loss of RARβ may contribute 
to the resistance of bladder cancer cells to ATRA, which 
may not be true for other retinoids. 4-HPR could increase 
retinoid receptor and JWA gene expression. However, its 
growth inhibitory effect is not dependent on RAR 
expression and induction. These results suggest that 
retinoid-induced growth inhibitory effect does not require 
retinoid receptor transactivation. Our results demonstrate 

that 4-HPR is a stronger growth inhibitor and apoptosis 
inducer than ATRA. It increased G1 and decreased S, and 
regulated p53 expression. 4-HPR shows promise as a 
chemopreventive agent for the prevention and treatment of 
bladder cancer when used at the propriety concentration. 
However, dose-response was important. CD437 was a 
stronger growth inhibitor and apoptosis inducer than ATRA 
and 4-HPR. It also increased G1 and decreased S, and 
regulated p53 expression. Importantly, it regulated Caspase 
3 gene expression. The JWA retinoid response gene was 
regulated by the three retinoids in bladder cancer cells, 
suggesting that this receptor function was important but not 
the only regulation factor. 
 
7. ACKNOWLEDGEMENT 
 

This study was supported in part by the National 
Institutes of Health, National Cancer Institute (NIH/NCI), 
grant NCI-CA75966. 
 
1. Alfthan, O., Tarkkanen, J., Grohn, P., Heinonen, E., 
Pyhonen, S., and Saila, K. Tigason (Etretinate) in 
prevention of recurrence of superficial bladder tumors. A 
double-blind Clinical trial. Eur Urol 9, 6-9 (1983) 
 
2. Ross,R.K., Paganini-Hill, A., and Henderson, B.E. 
Epidemiology of bladder cancer. In: Skinner D, Lieskovsky 
G (eds). Diagnosis and Management of Genitourinary 
Cancer. Philadelphia:Saunders and Co.  pp 23-31 (1988) 
 
3. Kelloff, G.J., Crowell, J.A., Boone, C.W., Steele, V.E., 
Lubet, R.A., Greenwald, P., Alberts, DS., Covey, J. M., 
Doody, LA., and Knapp, GG. N-(4-
hydroxyphenyl)retinamide (4-HPR): Clinical development 
plan. J Cell Biochem 20, 176-196 (1994) 
 
4. Modiano, M. R., Dalton, W. S., Lippman, S. M., Joffe, 
L., Booth, A. R., and Meyskens, F. L. Jr. Phase II study of 
fenretinide N-(4-hydroxyphenyl]retinamide in advanced 
breast cancer and melanoma.  Invest. New Drugs 8, 317-
319 (1990) 
 
5. Pollard, M., Luckert, P.H., and Sporn, M.B. Prevention 
of primary prostate cancer in Lobund-Wistar rats by N-(4-
hydroxyphenyl) retinamide. Cancer Res 51, 3610-3611 
(1991) 
 
6. Decensi, A., Bruno, S., Giaretti, W., Torrisi, R., Curotto, 
A., Gatteschi, B., Geido, E., Polizzi, A., Costantini, M., 
Bruzzi, P., Nicolo, G., Costa, A., Boccardo, F., Giuliani, L., 
and Santi, L. Activity of 4-HPR in superficial bladder 
cancer using DNA flow cytometry as an intermediate 
endpoint.  J Cell Biochem 161, 139-147 (1992) 
 
7. Tradati, N., Chiesa, F., Rossi, N., Grigolato, R., Formeli, 
F., Costa, A., and De Palo, G. Successful topical treatment 
of oral lichen planus and leukoplakias with fenretinide (4-
HPR). Cancer Lett 76, 109-111 (1994) 
 
8.El-Deiry, W.S., Tokino, T., Velculescu, V. E., Levy, 
D.B., Parsons, R., Trent, J. M., Lin, D., Mercer, W.E., 
Kinzler, K.W., and Vogelstein, B.  WAF 1, a potential 
mediator of p53 tumor suppression. Cell 75, 817-823 
(1993) 



Comparing the effect of ATRA with 4-HPR and CD437 in bladder cancer cells   

2015 

 
9. Pfahl, M., and Piedrafita, F. J. Retinoid targets for 
apoptosis induction. Oncogene 22, 9058-62 (2003) 
 
10. Kim, H. J., and Lotan, R. Identification of protein 
modulation by the synthetic retinoid CD437 in lung 
carcinoma cells using high throughput immunoblotting. Int 
J Oncol 26, 483-91 (2005) 
 
11. Keedwell, R. G., Zhao, Y., Hammond, L. A., Qin, S., 
Tsang, K. Y., Reitmair, A., Molina, Y., Okawa, Y., 
Atangan, L. I., Shurland, D. L., Wen, K., Wallace, D. M., 
Bird, R., Chandraratna, R. A., and Brown, G. A retinoid-
related molecule that does not bind to classical retinoid 
receptors potently induces apoptosis in human prostate 
cancer cells through rapid caspase activation. Cancer Res 
64, 3302-12 (2004) 
 
12. Joseph, B., Marchetti, P., Lefebvre, O., Schraen-
Maschke, S., Mereau-Richard, C., and Formstecher, P. The 
novel retinoid AHPN/CD437 induces a rapid but 
incomplete apoptotic response in human myeloma cells. 
Biochim Biophys Acta 1593, 277-82 (2003) 
 
13. Holmes, W. F., Soprano, D. R., and Soprano, K. J. 
Synthetic retinoids as inducers of apoptosis in ovarian 
carcinoma cell lines. J Cell Physiol 199, 317-29 (2004) 
 
14. Zhang, Y., Dawson, M. I., Mohammad, R., Rishi, A. 
K., Farhana, L., Feng, K. C., Leid, M., Peterson, V., Zhang, 
X. K., Edelstein, M., Eilander, D., Biggar, S., Wall, N., 
Reichert U, and Fontana, J. A. Induction of apoptosis of 
human B-CLL and ALL cells by a novel retinoid and its 
nonretinoidal analog. Blood 100, 2917-2925 (2002) 
 
15. Zhang, X. K. Vitamin A and apoptosis in prostate 
cancer. Endocr Relat Cancer 9, 87-102 (2002) 
 
16. Lotan, R. Receptor-independent induction of apoptosis 
by synthetic retinoids. J Biol Regul Homeost Agents 17, 13-
28 (2003) 
 
17. Kumar, A., Soprano, D. R., Parekh, H. K. Cross-
resistance to the synthetic retinoid CD437 in a paclitaxel-
resistant human ovarian carcinoma cell line is independent 
of the overexpression of retinoic acid receptor-gamma. 
Cancer Res 61, 7552-7555 (2001) 
 
18. Lotan, R., and Clifford, J. L. Nuclear receptors for 
retinoids: mediators of retinoid effects on normal and 
malignant cells. Biomed Pharmacother 45, 145-56 (1990) 
 
19. Chambon, P. The retinoid signaling pathway: molecular 
and genetic analyses. Semin Cell Biol 5, 115-25 (1994) 
 
20. DeLuca, L. M. Retinoids and their receptors in 
differentiation, embryogenesis and neoplasia. FASEB J 5, 
2924-3033 (1991) 
 
21. Mangelsdorf, D. J., Umesono, K., and Evans, R. M.  
“The retinoid receptors”.  In: M. B. Sporn, A. B. Roberts, 
and D. S. Goodman (eds.). The Retinoids. New 
York:Raven Press. 319-349 (1994) 

 
22. Pfahl, M. Vertebrate receptors: molecular biology, 
dimerization and response elements. Semin Cell Biol 5, 95-
103 (1994) 
 
23. Jianwei Zhou. GenBank: AF070523 (1998) 
 
24. Xia, W., Zhou, J., Cao, H., Zou, C., Wang, C., Shen, 
Q., and Lu, H. The relationship between structure and 
function of JWA in the modulation of cell differentiation. 
Chinese Sci Bull 46, 2063-2067 (2001) 
 
25. Cao, H., Xia, W., Shen, Q., Lu, H., Ye, J., Li, A., Zou, 
C. P., and Zhou, J. The role of JWA in acute promyelocytic 
leukemia cell differentiation and apoptosis triggered by 
retinoic acid, 12-tetradecanoylphorbol-13-acetate and 
arsenic trioxide. Chinese Sci Bull 47, 834-838 (2002) 
 
26. Zou, C. P., Liebert, M., Zou, C. C., Grossman, H. B., 
and Lotan, R. Identification of effective retinoids for 
inhibition growth and inducing apoptosis in bladder cancer 
cells. J Urol 165, 986-992 (2001) 
 
27. Studer, U. E., Biedermann, C., Chollet, D., Karrer, P., 
Kraft, R., Toggenbutg, H., Vonbank, F. Prevention of 
recurrent superficial bladder tumors by oral etretinate: 
preliminary results of a randomized, double blind 
multicenter trial in Switzerland. J Urol 131, 47-9 (1984) 
 
28. Prout, G. R., Barton, B. A. 13-cis-retinoic acid in 
chemoprevention of superficial bladder cancer. J Cell 
Biochem Suppl 161, 148-152 (1992) 
 
29. Liu, Y., Lee, M. -C., Wang, H., Li, Y., Hashimoto, Y., 
Klaus, M., Reed, J. C., and Zhang, X. -K. Retinoid acid 
receptor b mediates the growth-inhibitory effect of retinoic 
acid by promoting apoptosis in human breast cancer cells. 
Mol Cell Biol 16, 1138-1149 (1996) 
 
30. Osone, S., Hosoi, H., Kuwahara, Y., Matsumoto, Y., 
Iehara, T., and Sugimoto, T. Fenretinide induces sustained-
activation of JNK/p38 MAPK and apoptosis in a reactive 
oxygen species-dependent manner in neuroblastoma cells. 
Int J Cancer 112, 219-224 (2004) 
 
31. Dmitrovsky, E. Fenretinide activates a distinct 
apoptotic pathway. Fenretinide activates a distinct 
apoptotic pathway. J Natl Cancer Inst 96, 1264-1265 
(2004) 
 
32. Hail, N. Jr., and Lotan, R. Mitochondrial respiration is 
uniquely associated with the prooxidant and apoptotic 
effects of N-(4-hydroxyphenyl)retinamide. J Biol Chem 
276, 45614-45621 (2001) 
 
33. Sidransky, D.  Clinical implications of the p53 gene.  
Annu Rev Med 47, 285-301 (1996) 
 
34. Sidransky, D., Frost, P., Von Eschenbach, A., Oyasu, 
R., Preisinger, A.C., Vogelstein, B. Clonal origin bladder 
cancer.  N Engl J Med 326, 737-740 (1992) 
 
35. Hollstein, M., Sidransky, D., Vogelstein, B., and Harris, 
C.C.  P53 mutations in human cancers. Science 253, 49-53 
(1991) 
 



Comparing the effect of ATRA with 4-HPR and CD437 in bladder cancer cells   

2016 

36. Cordon-Cardo, C., Dalbagni, G., Saez, G. T., Oliva, M. 
R., Zhang, Z. -F., Rosai, J., Reuter, V., and Pellicer, A.  p53 
mutation in human bladder cancer: genotypic versus 
phenotypic patterns. Intl J Cancer 56, 347-353 (1994) 
 
37. Lutzker, S. G., and Levine, A. J. A functionally inactive 
p53 protein in teratocarcinoma cells is activated by either 
DNA damage or cellular differentiation.  Nat Med 2, 804-
810 (1996) 
 
38. Okazawa, H., Shimizu, J., Kamei, M., Imafuku, I., 
Hamada, H., and Kanazawa, I. Bcl-2 inhibits retinoic acid-
induced apoptosis during the neural differentiation of 
embryonal carcinoma stem cells.  J Cell Biol 132, 955-968 
(1996) 
 
39. Davidoff, A. M., Pence, J. C., Shorter, N. A., Igelhart, 
J. D., and Marks, J. R. Expression of p53 in human 
neuroblastoma- and neuroepithelioma-derived cell lines.  
Oncogene 7, 127-133 (1992) 
 
40. Maxwell, S.A., and Mukhopadhyay, T. Transient 
stabilization of p53 in non-small cell lung carcinoma 
cultures arrested for growth by retinoic acid.  Exp Cell Res 
214, 67-74 (1994) 
 
41. Okazawa, H., Shimizu, J., Kamei, M., Imafuku, I., 
Hamada, H., and Kanazawa, I. (1996) Bcl-2 inhibits 
retinoic acid-induced apoptosis during the neural 
differentiation of embryonal carcinoma stem cells.  J Cell 
Biol. 132, 955-968.  
 
42. Kazmi, M.I.S., Plante, R.K., Visconti, V., and Lau, 
C.Y. Comparison of N-(4-hydroxyphenyl) retinamide and 
all-trans-retinoic acid in the regulation of retinoid receptor-
mediated gene expression in human breast cancer cell lines. 
Cancer Res 56, 1056-1062 (1996) 
 
43. Holmes WF, Soprano DR, Soprano KJ. Synthetic 
retinoids as inducers of apoptosis in ovarian carcinoma cell 
lines. J Cell Physiol 199(3), 317-329 (2004) 
 
44. Zhang XK. Vitamin A and apoptosis in prostate cancer. 
Endocr Relat Cancer 9, 87-102 (2002) 
 
45. Hsieh, T.C., Ng C., and Wu, J.M. The synthetic retinoid 
N-(4-hydroxyphenyl) retinamide (4-HPR) exerts 
antiproliferative and apoptosis-inducing effects in the 
androgen-independent human prostatic JCA-1 cells. 
Biochem Mol Biol Int 37, 499-506 (1995) 
 
46. Zou, C.P., Guan, Y., Zou, C.C., Wang, J., Wang, L. E., 
Liebert, M., Grossman, and Wei, Q. N-(4-hydroxyphenyl) 
retinamide (4-HPR) modulates GADD45 expression in 
radiosensitive bladder cancer cell lines.  Cancer Ltrs 
180:131-137 (2002) 
 
47. Benito, A., Grillot, D., Nunez, G., and Fernandez-Luna, 
J. S. Regulation and function of Bcl-2 during 
differentiation-induced cell death in HL-60 promyelocytic 
cells. Am J Pathol 146, 481-490 (1995) 
 

48. Zou, C.P., Kurie, J.M., Lotan, D., Zou, C.C., Hong, 
W.K., and Lotan, R. N-(4-Hydroxyphenyl) Retinamide 
(4HPR) induces apoptosis in human non-small cell lung 
cancer (NSCLC) cell lines.  Clin Cancer Res 4, 1345-1355 
(1998) 
 
Abbreviations: ATRA: all-trans-retinoid acid, 4-HPR: N-
4-hydroxyphenyl-retinamide, CD437: 6-[3-(1-adamantyl)-
4-hydroxyphenyl]-2-naphthalene carboxylic acid, TPA: 
phorbol-12-myristate-13-acetate 
 
Ked Words: Retinoids, ATRA, 4-HPR, CD437, Urinary 
tract, Tumor, Neoplasia, Bladder Cancer, JWA Retinoid 
Response Gene 
 
Send correspondence to: Changping Zou, MD, PhD, The 
University of Arizona , 1515 N Campbell Ave., Box 
245024, Tucson, AZ 85724, Tel:: 520-626-8883, Fax: 520-
626-9287, E-mail: zou@email.arizona.edu 
 
http://www.bioscience.org/current/vol11.htm 


