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1. ABSTRACT  
 

4-(N-hydroxyphenyl) retinamide (4-HPR) and the 
oral contraceptives (OCP) are currently being used alone, 
and in combination, for the prevention of ovarian cancer. 
However, the mechanism of their effects has not been 
studied. Non-human primate models are ideal for studying 
the role of these and other drugs for cancer 
chemoprevention because of the genetic similarity between 
primates and humans in respect to hormone regulation and 
menstrual cycle. 4-HPR and OCP were administered to 
sixteen female adult Macacca mulatta (Rhesus macaques) 
for three months alone and in combination. Laparotomy 
was performed before and after treatment, and ovarian 
biopsies were obtained to evaluate the expression of 
retinoid and hormone receptors, and apoptosis. ERα was 
undetectable, but ERβ, PR, RXRα, and RXRγ were 
constitutively expressed in the ovaries. 4-HPR induced 
RXRα and RXRγ expression at a low level and, OCP 
induced expression of ERβ. However, the combination of 
4-HPR with OCP had a larger effect on expression of 
retinoid receptors. Apoptosis was detected in the 4-HPR 
group (equivalent dose: 200 mg/day). The results provide a 
rationale for the use of the Rhesus macaque as a model for 
ovarian cancer chemoprevention.  
 
2. INTRODUCTION 
 

Ovarian cancer is the most common cause of 
death from gynecologic cancer. There are 23,400 new cases 
and 13,900 deaths estimated in 2003 in the US (1). Despite 
aggressive treatment, this cancer has the highest mortality

 
 
 
 

of all gynecologic cancers with a 5 year survival rate for 
stage III and IV (the most commonly diagnosed stage) of 5-
30% (1,2). Over 70% of ovarian cancers are diagnosed 
after the cancer has spread beyond the ovary (2), partially 
because there is no acceptable screening test or biomarkers 
to identify women destined to develop ovarian cancer or 
identify ovarian cancer at a premalignant or early stage. 
Late stage disease has an extremely poor prognosis. Given 
these characteristics, one rationale to reduce the mortality 
from ovarian cancer is prevention.  
 

Retinoids have been used extensively in laboratory 
and clinical studies to prevent several human malignancies (3-
8). Retinoids, especially the synthetic retinoid 4-HPR, have 
been shown to reduce ovarian cancer in a large scale clinical 
trial in Italy (5-8) and is now being used in combination with 
Tamoxifen in a phase II breast cancer prevention trial (9). It 
has been proposed that the anticarcinogenic and antitumor 
effects of retinoids are the result of retinoid-induced changes in 
cell growth and differentiation caused by changes in the 
expression of specific genes, such as oncogenes, growth 
factors, and growth factor receptors. Retinoids exert their 
effects on gene expression by activating a signal transduction 
pathway in which nuclear retinoid receptors play a pivotal role 
(10-16). These receptors are members of the steroid hormone 
receptor super family (10-16).  

 
From a combined analysis of case control 

studies, observational data suggest that the oral 
contraceptive (OCP) reduces ovarian cancer risk by 
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approximately 10% for each year of use (17) leading to 
a total reduction around 40% after 4 to 5 years of use. 
(18,19). It is hypothesized that the biological prevention 
activity is related to the progestational component of 
the OCP.    

 
Animal models are developed to reconcile 

biologic phenomena between species (20) and allow for 
extrapolation of knowledge from one species to another, 
usually animal to human. Humans are difficult to study 
as experimental models because of ethical limitations, 
cost limitations, and lack of volunteers. Institutional 
Review Boards (IRB) has limited the scope of 
chemoprevention trials because the targeted population 
does not have cancer and thus the tolerance for side-
effects is less than if cancer were present. Development 
of an animal model to mimic a human disease allows 
experimentation in a strictly controlled laboratory 
environment, in which experimental subjects can be 
manipulated in ways that can never be done in humans. 
Animal models are ideal for developing strategies based 
on mechanistic understanding of how these agents or 
interventions work. By understanding mechanisms of 
action, we can not only develop better strategies for 
intervention, but also target the most appropriate 
population. The non-human primate model is ideal for 
developing strategies because of the genetic similarity 
between monkey and humans, such as hormone 
regulation and menstrual cycle, which are lacking in 
small animal models such as the chicken and rodent. 

 
Multi-targeted therapies or combination of 

retinoids and hormonal therapies, including OCP, may 
have an advantage in cancer chemoprevention because 
they may combine different mechanisms of prevention 
with a synergistic effect. This is the first study to combine 4-
HPR and OCP in chemoprevention of ovarian cancer in vivo. 
Our results will provide important information for human 
trials. 
  
3. MATERIAL AND METHOD 

 
3.1. Monkeys 
 Sixteen female adult (age) Macacca mulatta 
(rhesus macaques) were used in the study as 
previously described (21). Monkeys used in this study 
were culled from the specific pathogen free rhesus 
colony because they developed herpes-B-
indeterminate status, they were poor breeders, or they 
had chronic diarrhea. The monkeys were prevented 
from eating for 12 hr before surgery. Anesthesia was 
induced with an intramuscular injection of tiletamine 

HCl/zolazepam HCl (Telazol; Fort Dodge 
Laboratories, Inc., Fort Dodge, IA). The monkey was 
sedated, removed from the cage and intubated, and 
anesthesia was maintained on 2–2.5% isoflurane gas 
with oxygen. After each initial procedure, monkeys 

were maintained in separate housing and were fed the 
drug in a flavored treat. Menses were recorded daily, 
and progesterone levels were measured 2 weeks apart 
to evaluate ovulatory status.  

 Monkeys were given 35 mg 4-HPR/day, OCP 
0.2 mg norethindrone/0.07 mg of ethinyl estradiol/day, 
combination of 4-HPR+OCP, or no medication for three 
months as previously reported (21). Laparotomy was 
performed before and after drug administration, and 
ovarian biopsy specimens were obtained. Doses of 4-
HPR and OCP were calculated by allometric scaling, 
which calculates a dose based on both weight and basal 
metabolic rate (21). This is derived from the equation 

, where Y is the resting animal’s energy 
output in kcal/24 h (also termed the minimum energy 
cost), K is a constant based on core temperature, which 
is specific for each species, and W is mass in kilograms. 
Doses were calculated for a 7 kg monkey.  
 
3.2. Immunohistochemistry (IHC) 
 Paraffin-embedded monkey slides were 
deparaffininzed in xylene, rehydrated through graded 
alcohols to water, then incubated for 10 min in PBS. 
The slides were blocked for 30 min with 3% horse 
serum diluted in PBS, the sections were then blotted 
and incubated with primary antibody of RARs and 
RXRs, ERα, β, and PR (Santa Cruse) for 1 hr at room 
temperature. For immunoperoxidase staining, the 
avidin-biotin-peroxidase complex (ABC) technique was 
used (Vector Laboratories). For this technique, the 
endogenous peroxidase was inactivated by incubation 
for 30 min in 0.015% peroxide in methanol, then 
rehydrated for 10 min in PBS. The slides were then 
incubated with biotinylated horse antibody to the 
appropriate species, depending on the primary antibody, 
for 1 hr at room temperature, washed in PBS, then 
incubated with ABC for 30 min at room temperature. 
The slides were then washed and the peroxidase 
reaction developed with diaminobenzidine and 
peroxide. The slides were then washed in water, 
counterstained with hemotoxylin, mounted in Aqua-
mount, and evaluated on a light microscopy. 
Appropriate positive and negative antibodies and tissues 
were included in each assay as controls.  
 
3.3. Real-Time Quantitative RT-PCR 

Real time Q RT-PCR was performed utilizing 
the 7700 Sequence Detector (Applied Biosystems, CA). 
Specific quantitative assays for RARα, β, γ, and 
RXRα, β, γ were developed using Primer Express 
software (Applied Biosystems). Total RNA was 
extracted from monkey ovary by Tri-reagent. The RT-
PCR resulting data were analyzed using SDS software 
(Applied Biosystems). The final data were normalized 
to GAPDH (housekeeping gene) and are presented as 
the molecules of transcript/molecules of GADPH x 
100 (% GAPDH). For this type of analysis, it is 
critical that the housekeeping gene does not change 
across experimental conditions. Calculate ∆Ct for 
each gene by Excel according to the equations 
as: ∆Ct = Cttreatment condition - Ctcontrol 
condition. 2^(- ∆∆Ct) = Fold Change, which “Ct” 
means: the cycle at which the reaction crossed the 
threshold. If fold change > 1.0, the gene is up-regulated
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Figure 1. Immunohistochemical staining of retinoid receptors in control group (J465). Monkeys received no medication for three 
months. Left panel was stained for RAR receptors, and right panel was stained for RXR receptors.  
 
relative to the control (equal to 1). If fold change is <1.0, 
the gene is down-regulated relative to the control. 
 
3.4. In situ Cell Death Detection 

Paraffin-embedded monkey slides were 
deparaffininzed in xylene, rehydrated through graded alcohols 
to water, then incubated for 10 min in PBS. The slides were 
then labeled with In situ Cell Death Detection kit (Boehringer 
Mannheim). Briefly, the slides were incubated in 0.5 % triton 
X100 for 10 min, then washed, and followed by proteinase K 
digestion in 37oC for 15 min. Following this incubation, 0.3 
U/µl TDT and 20 mM biotinylated dUTP in TDT buffer was 
applied to the slides and incubated for 1 hr at 37oC. Counter 
staining was done using Avidin-Biotin-peroxidase Complex. 
 
3.4. Statistical Analysis  

Results of immunohistochemical analysis were 
semi-quantitatively scored as 0 (no staining), 1+ (weak 
staining), 2+ moderate staining), or 3+ (strong staining). The 
results were ordered using a rank sum test. The equality of the 
population was tested with Kruschal Wallis and Chi Square 
where appropriate. Histograms were prepared to visually 
evaluate differences between groups. 
 
4. RESULTS 
 
4.1. Comparing RARs and RXRs Expression and 
Induction by 4-HPR, OCP and Combination in vivo 
 The expression of RARs and RXRs were examined 
in tissue sections. RXRα and RXRγ were found to be 
consistently present in all monkeys (Figure 1, Table 1). 

Treatment with 4-HPR alone consistently increased RXRα  
expression from a 1+ to 2+ expression. RXRγ  expression was 
increased from 1+ to 2+ in 2/3 monkeys but decreased 
expression in one monkey from 1+ to 0 (Figure 2 and Table 2). 
Treatment of OCP alone had little effect on retinoid receptors 
expression (Figure 3 and Table 3) except for a modest decrease 
in RARα in two-thirds of monkeys from 1+ to 0. The 
combination of 4-HPR and OCP increased 
RXRα  significantly, p=0.04 (Figure 4, and Table 4). The 
combination of 4-HPR and OCP also modulated 4 of the 
retinoid receptors RARα, RARβ,  RARγ,  and RXRα 
expression. RARβ increased consistently (p=0.01). 
RXRα expression increased in three-fourths of monkeys 
from 1+ to 3+ (1 monkey) 1+ to 2+ (2 monkeys) and did 
not change in one monkey (2+). The retinoid receptor 
RXRγ  was found to be increased in 2 monkeys treated with 
4-HPR alone and 1 monkey treated with the combination of 
4-HPR and OCP (Tables 2 and 4) and increased in 1 
monkey treated with the combination.  
 

4.2. Hormone Receptor Expression and Induction by 
OCP and Combination of 4-HPR and OCP in vivo  

Hormone receptors ERα ERβ,  and PR were 
examined in monkeys.  ERα expression was not detected in 
the monkey ovaries which were studied (not shown). PR 
expression was detected in all monkeys (Table 1), and 
treatment did not change PR expression significantly; 
however, 4-HPR treatment decreased PR expression in one 
monkey (Table 2) and OCP increased PR expression in 2 
monkeys (Table 3). 
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Table 1. Semi-quantitative assessment of immunohistochemical staining of receptor expression in control animal group. 
Control group Pre-drug J465-L Post-drug J465-R1 Pre-drug J937-L Post-drug J937-R1 Pre-drug J371-L Post-drug J371-R1 
RARα + + ++ ++ - - 
RARβ - - - - - - 
RARγ - - - - - - 
RXRα + + ++ ++ ++ ++ 
RXRβ - - - - - - 
RXRγ + + ++ + + + 
ER β + ++ ++ ++ ++ ++ 
PR ++ ++ ++ ++ ++ ++ 
EGF - - - - - - 
EGF-R ++ ++ ++ ++ ++ ++ 

  
Table 2. Semi-quantitative assessment of immunohistochemical staining of receptor expression in 4-HPR-treated animal group 

4HPR Group Pre-drug J243-L Post-drug J243-
R1/R2 

Pre-drug J753-L Post-drug J753-R2 Pre-drug J153-L Post-drug J153-
L1/L2 

RARα + ++ + + + + 
RARβ - - + ++ - - 
RARγ - - - - - - 
RXRα + ++ + ++ + ++ 
RXRβ - - - - - - 
RXRγ + ++ + - + ++ 
ER β ++ ++ + ++ +++ +++ 
PR ++ - ++ ++ ++ ++ 
EGF ++ + + - - + 
EGF-R ++ ++ ++ ++ ++ ++ 

 
Table 3. Semi-quantitative assessment of immunohistochemical staining of receptor expression in OCP-treated animal group 

OCP group Pre-drug J261-L Post-drug J261-R1 Pre-drug J269-L Post-drug J269-R2 Pre-drug L976-L Post-drug L976-R1 
RARα + - + - + + 
RARβ - - + - - - 
RARγ - - - - - - 
RXRα ++ ++ + + ++ ++ 
RXRβ - - - - - - 
RXRγ ++ - + + + ++ 
ER β + ++ ++ +++ ++ +++ 
PR ++ ++ + ++ + ++ 
EGF - - - - - - 
EGF-R ++ ++ ++ ++ ++ ++ 

 
Table 4. Semi-quantitative assessment of immunohistochemical staining of receptor expression in combination treatment animal group 

Combin 
group 

Pre-drug 
J511-L 

Post-drug 
J511-R1 

Pre-drug 
L783-L 

Post-drug 
L783-R2 

Pre-drug 
L581-L 

Post-drug 
L581-R2 

Pre-drug L809-L Post-drug L809-R2 

RARα - ++ - - + + + ++ 
RARβ - ++ - + _ ++ - ++ 
RARγ - + - + - - - - 
RXRα + +++ + ++ ++ + + ++ 
RXRβ - - - - - - + + 
RXRγ +++ ++ + + ++ ++ + ++ 
ER β ++ ++++ ++ ++++ +++ +++ ++ +++ 
PR ++ + + - + ++ ++ - 
EGF - - ++ +++ - + - ++ 
EGF-R ++ ++ ++ ++ ++ ++ + ++ 

 
The result from combination group was shown in Table 
4. ERβ were found to be expressed in untreated and 
treated monkeys (Figure 5, Table 1). The control group 
and the 4-HPR group had no change in ERβ expression 
(p = 1.0), ERβ showed an increase in expression in the 
OCP group (Figure 3 and Table 3) and in the 
combination of 4-HPR and OCP (Figure 4 and Table 4) 
(p = 0.01).  P53 and p21 were not expressed and did not 
change between groups except for minimal expression in 
one or two samples (data not shown). EGF and EGF-R 
expression, the epidermal growth factor receptor, 
approached significant expression in the combination 
group with a p value of 0.09. 

 

 
4.3. Modulation of Retinoid Receptors Expression 
Detected by Real Time Q RT-PCR 

Real-time Q RT-PCR results showed 4-HPR and 
the OCP/4-HPR combination treatment increased 4 out of 6 
retinoid receptors expression, RARα, β, γ, and RXRα (Figure 
6).  The real-time PCR results are consistent with the IHC 
result. However, RXR β and γ expression were decreased by 
exposure to 4-HPR, RXR γ expression was increased in two-
thirds of monkeys and decreased in 1 monkey by IHC 
(Figure 6 and Tables 2 and 4). OCP treatment increased 
RXRα  and decreased RARα expression which were also 
similar to the IHC result (Figure 6 and Table 3). 4-HPR 
modulated RARα, β, γ, and RXRα  receptor expression;  OCP 
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Figure 2. Immunohistochemistry staining of retinoid receptors in 4-HPR treatment group (J243). This group of monkey received 
35 mg 4HPR/day for three months. Left panel was stained for RAR receptors, and right panel was stained for RXR receptors. 
The receptors expression was examined before and after 4-HPR treatment. 
 

 
 
Figure 3. Immunohistochemistry staining of retinoid receptors in OCP treatment group (J261). Monkeys received OCP 0.2 mg 
norethindrone/0.07 mg of ethinyl estradiol/day. Left panel was stained for RAR receptors, and right panel was stained for RXR 
receptors. The receptor expression was examined before and after OCP treatment.
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Figure 4. Immunohistochemistry staining of retinoid receptors in combination of 4-HPR and OCP treatment group (J511). Left 
panel was stained for RAR receptors, and right panel was stained for RXR receptors. The receptor expression was examined 
before and after combination of 4-HPR and OCP treatment. 

 

Figure 5. Immunohistochemistry staining of ERβ before and after treatments. Left panel was prior to treatment, and right panel 
was after treatment.  
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Figure 6. The total RNA was extracted from monkey ovaries and real time Q RT-PCR were analyzed for expression of retinoid 
receptors. The result represented the fold changes. 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 7. In-situ apoptosis staining in 4-HPR and combination treatment animal group. Apoptosis could not be detected in 
ovarian epithelial. Apoptosis was detected after 4-HPR and combination of 4-HPR and OCP treatment. Apoptotic cell staining 
was stronger in the combination-treated group than that in the 4-HPR-treated group. 
 
increased RXRα expression; the combination of the two 
treatments did not show any synergistic or additive effects.  
 
4.4. Apoptosis  Induction by 4-HPR and Combination of 
4-HPR and OCP in vivo 

4-HPR at the equivalent human dose of 
200mg/day concentration induced apoptosis in monkey 

ovaries in vivo using in-situ cell death detection kit staining  
(Figure 7). 
 
5. DISCUSSION 
 

   This is the first report on the combination of 
retinoid and OCP induced modulation of retinoid 
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receptors in vivo detected by both IHC and real-time Q RT-
PCR. A prior human study in oral pre-malignant and cancer 
of the head and neck showed induction of RARβ by 4-HPR 
(15, 16) which is consistent with our findings.  It is also the 
first report on the induction of apoptosis in vivo using 4-
HPR at 200mg/day. 

 
 Epidemiologic and laboratory data suggest that 

retinoids may have a role as preventive or therapeutic 
agents for ovarian cancer (4-5, 12-14). It has been 
proposed that the anticarcinogenic and antitumor effects 
of retinoids are the result of retinoid-induced changes in 
cell growth and differentiation caused by changes in the 
expression of specific genes, such as oncogenes, growth 
factors, and growth factor receptors. Retinoids exert their 
effects on gene expression by activating a signal 
transduction pathway in which nuclear retinoid receptors 
play a pivotal role (9-15). Nuclear retinoid receptors are 
the proximate mediators of many of the effects of 
retinoids on gene expression; therefore, it is plausible to 
assume that changes in their expression and function may 
cause aberrations in the response of cells to retinoids and 
thereby alter the regulation of cell growth, differentiation, 
and expression of the transformed phenotype.   

 
Oral contraceptives (OCP) are well known in 

their ability to prevent ovarian cancer. Much of the 
preventive effect is thought to correspond to apoptosis 
induction, a process that removes cells at risk of 
undergoing subsequent malignant transformation.  This 
hypothesis is supported by the observation that 
apoptosis is induced in up to 25% of cells in the ovarian 
epithelium in cynamolgus monkeys receiving 
levonorgestrel as a single agent (22).  In the macaque 
setting, the level of apoptosis is associated with 
progestin-related changes in TGF-β isoforms; i.e., a 
decrease in TGF-β1 accompanied by an increase in 
TGF-β2/3.  In the human setting, additional support for 
the activity of progestin is provided by an analysis of 
data from the Cancer and Steroid Hormone Study 
(CASH) (23), showing a dose-response relationship.  Data 
from the CASH Study suggests that ovarian cancer risk 
reduction increases with exposure to progestins of higher 
potency even for a short duration (24). Dose-response is a 
question that needs to be further explored in preclinical 
settings.  Historically, there has been wide variation in 
OCP formulations from the 1960's particularly with 
regard to androgenicity of the progesterone component, 
but such changes over time did not appear to affect the 
ovarian cancer risk reduction associated with oral 
contraceptives (25, 26). The result from our study 
showed OCP can induce RXRα as well as ER 
expression, RXRα could form herterodimer with the ER 
receptor to regulate gene expression. The preventive 
capabilities are unclear in high risk women with one 
study showing a benefit and one study showing an 
increased risk of breast cancer. For women at no 
additional risk of breast cancer over the general 
population, it is an appealing alternative for prevention: 
however, it is unlikely that a woman is at substantial 
risk of ovarian cancer without being at risk for breast 
cancer. 

This study suggests that the combination of 4-HPR 
and OCP may increase the modulation of epithelial cell 
growth through both the retinoid receptor RXRα and 
through the ERβ receptor. The retinoid receptors are 
thought to be associated with the activity of the retinoid. 
A prior study (27, 28) explored the fluorescence 
signatures of these drugs on the monkey ovary and 
found that 4-HPR increased the expression of FAD and 
OCP decreased the expression NADH associated 
emission, while the combination had an additive but not 
synergistic effect. In fact, the combination had a 
decrease in its effect on both the increased FAD and 
decreased NADH associated signature suggesting that 
the combination had less effect than each drug 
individually. These cofactors of the electron chain are 
strongly associated with the energy potential of tissue. 
This study suggests that the combination had more 
effect on markers associated with growth inhibition and 
apoptosis.  A study with colon cancer cells showed that 
upregulation of ERβ was associated with inhibition of 
proliferation in colon cancer cells. A possible 
mechanism by which ERβ over-expression inhibits 
proliferation is by modulation of key regulators of the 
cell cycle; there was a decrease in cyclin E and an 
increase in the cdk inhibitor p21CIP1. Flow cytometry 
blocked the G1-S phase progression induced by ERβ 
over-expression. ERβ modulation is intriguing and bears 
further study. 

 
6. CONCLUSION 
 

This study evaluates the potential for using the 
Rhesus monkey as a model for ovarian cancer 
chemoprevention by using combination of 4-HPR and OCP. 
It also serves as an initial evaluation of potential 
intermediate biomarkers for ovarian cancer chemoprevention 
trials using these drugs. The results of this monkey study 
suggest that the combination of 4-HPR and OCP up-
regulated  4 out of 6 retinoid receptors and ERβ expression, 
providing a potential mechanism for the effect of these drugs 
on the ovary. Although numbers of animals were extremely 
small, this pilot trial supports further study of potential 
intermediate biomarkers in the Rhesus monkey as a model 
for human ovarian chemoprevention studies. 
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