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Abstract
Background: A full-term pregnancy has been associated with reduced risk for developing breast
cancer. In rodent models, the protective effect of pregnancy can be mimicked with a defined
regimen of estrogen and progesterone combination (E/P). However, the effects of pregnancy levels
of E/P in humans and their underlying mechanisms are not fully understood. In this report, we
investigated the growth inhibitory effects of pregnancy levels of E/P and both natural and synthetic
retinoids in an immortalized human mammary epithelial cell line, 76N TERT cell line.
Results: We observed that cell growth was modestly inhibited by E/P, 9-cis-retinoic acid (9-cis RA)
or all-trans-retinoic acid (ATRA), and strongly inhibited by N-(4-hydroxyphenyl) retinamide (HPR).
The growth inhibitory effects of retinoids were further increased in the presence of E/P, suggesting
their effects are additive. In addition, our results showed that both E/P and retinoid treatments
resulted in increased RARE and p53 gene activity. We further demonstrated that p53 and p21
protein expression were induced following the E/P and retinoid treatments. Furthermore, we
demonstrated that while the telomerase activity was moderately inhibited by E/P, 9-cis RA and
ATRA, it was almost completely abolished by HPR treatment. These inhibitions on telomerase
activity by retinoids were potentiated by co-treatment with E/P, and correlated well with their
observed growth inhibitory effects. Finally, this study provides the first evidence that estrogen
receptor beta is up-regulated in response to E/P and retinoid treatments.
Conclusion: Taken together, our studies show that part of the anti-growth effects of E/P and
retinoids is p53 dependent, and involve activation of p53 and subsequent induction of p21
expression. Inhibition of telomerase activity and up-regulation of estrogen receptor beta are also
associated with the E/P- and retinoid-mediated growth inhibition. Our studies also demonstrate
that the potency of retinoids on cell growth inhibition may be increased through combination of
estrogen and progesterone treatment.

Background
It is well documented that women who experience a full-

term pregnancy early in their lives have a significantly
reduced risk for developing breast cancer [1,2]. The
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mechanisms by which pregnancy affects maternal breast
cancer incidences are not fully understood. Previous studies suggest that the protective effect of pregnancy can be
mimicked with a defined regimen of estrogen and progesterone combination (E/P) in rodent models [3,4]. However, the effects of pregnancy levels of E/P in human and
their underlying mechanisms have not been investigated.
Retinoids are a promising class of chemopreventive agents
against breast cancer because of their antiproliferative and
proapoptotic properties [5,6]. Retinoic acid receptors
(RARs) and retinoid X receptors (RXRs) are nuclear transcription factors that modulate the biological effects of
retinoids. Most retinoid forms, including 9-cis-retinoic
acid (9-cis RA) and all-trans-retinoic acid (ATRA), activate
RAR family members, whereas RXR family members are
activated by 9-cis RA. N-(4-hydroxyphenyl) retinamide
(HPR), a synthetic derivative of ATRA, may weakly interact with retinoid receptors [7].
The 76N TERT cells were derived from a reduction mammoplasty specimen [8,9]. They are normal human mammary epithelial cells immortalized by plasmids
containing hTERT, the human catalytic subunit of the
reverse transcriptase protein of telomerase [10]. hTERTexpressing normal cell clones have been shown to have an
extended life span without any change in karyotype [11].
The 76N TERT cells in culture could continuously grow
about 60 population doublings [8], and the level of p53
protein has been shown to remain consistent at early or
late passages [9]. Unlike the tumor cell lines widely used
in breast cancer researches such as MCF-7 and MDA-MD231 cells, which have undergone several steps in tumorigenesis, the 76N TERT cell line represents a system that is
immortal but does not yet have the capacity to form a
tumor. Hence, it is potentially a better model to study the
genetic changes, and to test the effects of carcinogenic or
chemopreventive agents on the development of mammary tumors.
In this study, we investigated whether E/P induce growth
inhibition in 76N TERT cells; and the molecular mechanisms by which E/P inhibited 76N TERT cell growth. For
comparison purpose, the anti-growth effect of both natural and synthetic retinoids was examined in parallel in this
immortalized mammary epithelial cell line. We also
investigated whether we could increase the responsiveness
of retinoids by using retinoids in combination with E/P.
Our studies demonstrate that 1) inhibition of cell growth
by E/P and retinoids could be partially mediated through
a p53-dependent mechanism; 2) induction of p21 expression, inhibition of telomerase activity, or up-regulation of
estrogen receptor beta (ERβ) by E/P and retinoids may
contribute to their anti-growth effects; 3) combination of

http://www.cancerci.com/content/5/1/6

α

β

γ

RAR
RXR
ER

PR

Figure 1 of RAR, RXR, ER and PR in 76N TERT cells
Expression
Expression of RAR, RXR, ER and PR in 76N TERT
cells. Whole cell lysates were analyzed by using anti-RAR,
RXR, ER, and PR antibodies as described under "Materials
and Methods". Blots shown are representative of 2–3 experiments with similar results.

retinoids with E/P lead to increased inhibitory effects on
cell growth.

Results
Expression of RARs, RXRs, estrogen receptors and
progesterone receptors in 76N TERT cells
As the ability of estrogen, progesterone and retinoids to
influence cell proliferation is mediated by their respective
receptors in most cases, we first examined the expression
of these receptors in 76N TERT cells. Using Western blot
analysis, the proteins of RAR (RARα, RARβ and RARγ),
RXR (RXRα, RXRβ and RXRγ), and ER (ERα and ERβ) were
observed as suggested by the manufactures (Figure 1). The
antibody for the progesterone receptor (PR) detected a
protein between 85 and 125 KDa (Figure 1). The existences of RARβ and ERβ in 76N TERT cells were further
confirmed by quantitative RT-PCR at the mRNA level
(RARβ data not shown, ERβ data see Figure 6B).
Inhibition of 76N TERT cell growth by E/P and retinoids
We then tested the influence of E/P or retinoids on 76N
TERT cell growth, using [3H]thymidine incorporation
assay. The concentrations of E/P and retinoids used in the
experiments were chosen based on previous studies and
are clinically or physiologically relevant [3,4,12]. Treatment of cells with E/P or all three retinoids resulted in
decreases in cell proliferation. As shown in Figure 2, treatment of 76N TERT cells with 1 µM 9-cis RA or 2 µM ATRA
significantly decreased the cell growth by 28.8% and
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Figure 2 of 76N TERT cell growth by E/P and retinoids
Inhibition
Inhibition of 76N TERT cell growth by E/P and retinoids. Cells were treated with indicated retinoids with or without E/
P for 24 hours and then labelled with [3H]thymidine as described under "Materials and Methods". Data are the means ± SE
from 3–4 experiments. *, significant differences from control.

24.5% respectively. In comparison, cells were more
responsive to HPR. Treatment with 2 µM HPR exhibit a
significant 71.4% decrease in cell growth relative to controls. Combination of 1 ng/ml of β-estradiol and 1 µg/ml
of progesterone, a regime that mimics the protective
effects of pregnancy, also resulted in a significant 32.2%
decrease in cell proliferation. In the presence of E/P, the
inhibitory effects on cell growth of 9-cis RA, ATRA and
HPR were further increased to a respective 56.6%, 53.3%
and 86.8%, indicating that the anti-proliferative effect
may be additive between E/P and retinoids.

Activation of RARE and p53 gene by E/P and retinoids
Many biological responses to retinoids are thought to be
mediated through receptors by binding to retinoic acid
response elements (RAREs) and regulation of transcriptional activity [5,6]. In addition, cross-talk between ER
and RAR pathways has been previously reported [13,14].
Given this, a comparison of RARE gene activation in
response to E/P and retinoids was carried out using cells
transfected with a RARE-luciferase reporter gene construct.
As shown in Figure 3A, 76N TERT cells exhibited a respective 3.3-, 5.4-, and 2.5-fold activation of RARE gene in
response to 9-cis RA, ATRA or E/P alone. In contrast, HPR
caused no significant change in luciferase activity relative
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Figure
Activation
3 of RARE and p53 gene by E/P and retinoids in 76N TERT cells
Activation of RARE and p53 gene by E/P and retinoids in 76N TERT cells. Cells were transiently transfected with the
RARE (A) or p53 (B) reporter plasmid, and then treated with retinoids for 24 hours with or without E/P. Luciferase activity
was measured and normalized as described under "Materials and Methods". Results are the means ± SE from 3 experiments. *,
significant differences from control.
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Figure 4 of p53 and p21 protein by E/P and retinoids in 76N TERT cells
Induction
Induction of p53 and p21 protein by E/P and retinoids in 76N TERT cells. Cells were treated with indicated retinoids
with or without E/P for 72 hours. Whole cell lysates were subjected to Western blot analysis using anti-p53, p21 and Bax antibodies. Relative expression of each protein was determined using the same membrane, and normalized to actin protein. Data
are fold changes compared to vehicle treatment. Blot shown is representative of 4 experiments with similar results.

to the control. In the presence of E/P, the effects of 9-cis
RA and ATRA on RARE gene activation were essentially the
same as without E/P.
Functional p53 provides a protective effect against tumor
growth [3,15]. We next examined whether E/P and retinoids could enhance the transcriptional activity of p53
using 76N TERT cells transfected with a p53-responsive
luciferase reporter gene construct. As shown in Figure 3B,
a 2.3-, 1.8-, 1.8- and 2.2-fold induction of luciferase activity was observed by treatment of cells with 9-cis RA, ATRA,
HPR and E/P respectively. Co-treatment with E/P and
retinoids showed no additional activation of p53 gene as
compared to their treatments alone.

Induction of p53 and p21 protein expression by E/P and
retinoids
We then performed Western blot analysis to test whether
increased p53 gene activity is paralleled by increased p53
protein expression. Treatment with 9-cis RA, ATRA, HPR
or E/P alone slightly increased (about 1.5-fold) the expression of p53 protein. Consistent with the data on p53 gene
activation, no additive effects between E/P and retinoids
on induction of p53 protein were observed (Figure 4).

Activated p53 could induce the transcription of either p21
to cause growth arrest, or Bax to induce apoptosis [15]. We
therefore investigated whether increased p53 protein
expression can modulate the expression level of p21 or
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Figure 5 of the telomerase activity by E/P and retinoids in 76N TERT cells
Inhibition
Inhibition of the telomerase activity by E/P and retinoids in 76N TERT cells. Cells were treated with indicated retinoids with or without E/P for the indicated time periods. Telomerase activity was determined as described under "Materials and
Methods". Data are the means ± SE from 2–3 measurements. *, significant differences from their own controls.
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Bax proteins in 76N TERT cells. In Figure 4, exposure to
retinoids or E/P alone did moderately increase the p21
protein level, with a 1.7-, 2.7- and 2.1-fold increase in p21
expression for ATRA, HPR and E/P respectively. The
increases of p21 protein expression with combined E/P
and retinoids were similar to that observed when E/P and
retinoids were used alone. In addition, no significant
effects by E/P or retinoids on Bax protein expression were
observed in 76N TERT cells.
Inhibition of telomerase activity by E/P and retinoids
Activation of telomerase is an early event in the development of breast cancers that may lead to cellular immortality, a critical and rate-limiting step in oncogenesis [16,17].
Activated p53 has been associated with regulation of the
telomerase activity [18-20]. To evaluate the effects of E/P
and retinoids on telomerase activity in 76N TERT cells,
cells were treated for different time periods with E/P and
retinoids, and the levels of telomerase activity were determined by a quantitative real-time PCR method. As shown
in Figure 5, treatment with E/P decreased telomerase activity in a time-dependent manner with a 63.3% inhibition
at 72 hours, whereas vehicle treatment had no effect at any
time during the experiment. The maximum inhibition on
telomerase activity was observed at 24 hours for both 9-cis
RA and ATRA treatments, with a respective of 68.9% and
69.4% decrease. In comparison, the effects of HPR
occurred more rapidly, with a complete inhibition at 16
hours, and persisted throughout the treatment. The inhibitory effects of 9-cis RA, ATRA or HPR and E/P seemed to
be additive, as in the presence of E/P, 9-cis RA, ATRA or
HPR showed increased inhibitions at various time points.
These effects correlate well with their observed growth
inhibitory effects in 76N TERT cells, suggesting that inhibition of telomerase activity by E/P and retinoids may
contribute to their additive effects on inhibition of cell
growth.
Induction of ERβ expression by E/P and retinoids
There is growing evidence that ERβ could be an inhibitor
of tumorigenesis of breast cancer [21-23]. We examined
whether there were any changes in the expression of ERβ
in response to E/P and retinoid treatment in 76N TERT
cells. After treatment of cells with retinoids or E/P for 72
hours, the amount of ERβ protein was determined by
Western blot analysis. As shown in Figure 6A, the normalized ERβ protein showed a respective 2.1-, 2.3-, and 1.5fold increase in response to ATRA, HPR and E/P, as compared to the vehicle treatment.

We also carried out a quantitative analysis of ERβ mRNA
expression in response to E/P and retinoid treatment in
76N TERT cells using a real-time PCR assay. As shown in
Figure 6B, there was a 2.0-, 2.3- or 2.8-fold induction of
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ERβ mRNA levels in HPR, E/P or combination of HPR and
E/P treated cells, respectively.

Discussion
Similar to retinoids, a full-term pregnancy has been associated with beneficial effects on breast cancer risk over the
long term [1,2]. The mechanisms by which pregnancy
affects maternal breast cancer incidences are not fully
understood. Studies have showed that higher concentrations of progesterone elicit a growth-inhibiting response
from normal and cancerous breast cells [24,25], and are
inversely related to breast cancer incidence [26]. In this
study, we examined the ability of pregnancy levels of E/P
and retinoids to affect the growth of the immortalized
normal mammary epithelial cells. Our results demonstrated that three isoforms for RAR and RXR (α, β, γ), two
isoforms for ER (α and β), and PR receptor proteins are
expressed by 76N TERT cells. Treatment with 9-cis RA,
ATRA, HPR or E/P inhibited 76N TERT cell proliferation
and resulted in the activation of p53 gene, followed by
increased expression of p53 protein and p21 protein, and
inhibition of telomerase activity. Additionally, we first
report here that the expression of ERβ is induced in
response to E/P and retinoid treatment at both the transcriptional and translational levels. Importantly, we demonstrate that the inhibitory effects of retinoids on cell
growth are more effective in the presence of E/P, and correlate well with their inhibitory effects on telomerase
activity in 76N TERT cells.
Our data suggest that the growth inhibitory effects of E/P
and retinoids may involve the activation of p53 pathway
in 76N TERT cells. First, our results showed that both E/P
and retinoid treatments lead to the increased p53 gene
activity. Secondly, we demonstrated that the protein
expression of p53 and p21 were increased following the
treatment. It has been shown that p21 can inhibit cyclin
A/cdk2 kinase activity and subsequently result in cell cycle
arrest [27,28]. Our data is in line with the previous findings that in normal mammary epithelial cells, retinoids
induce cell cycle arrest which is associated with an
increase in p21 expression [29]; and that in both rats and
mice, p53 is activated in response to E/P and this activation is sustained to induce p21 [3]. Thirdly, our data
showed that treatment with E/P or retinoids decreased the
telomerase activity in 76N TERT cells. Although a few
reports suggest that telomerase activity appears to be independent of p53 expression or mutation [30,31], the
majority of the evidence to date support the involvement
of p53 in regulation of telomerase activity in mammary
epithelial cells and breast cancer [18-20]. The molecular
mechanisms of regulation of telomerase activity by p53
may involve down-regulation of hTERT transcription or
the interaction of p53 with other transcription factors
[19].
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Figure 6 of ERβ expression by E/P and retinoids in 76N TERT cells
Induction
Induction of ERβ expression by E/P and retinoids in 76N TERT cells. Cells were treated with indicated retinoids with
or without E/P for 72 hours. A. Western blot analysis of ERβ protein. Relative ERβ expression was normalized to actin protein
and expressed as fold changes compared to vehicle treatment. Blot shown is representative of 3 experiments with similar
results. B. Quantitative RT-PCR analysis of ERβ genes. Data are the means ± SE from 3 experiments. *, significant differences
from their own controls.
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However, our data also suggest the possibility that inhibition of cell growth by E/P and retinoids may be
independent of p53 pathway in 76N TERT cells. Our data
show that the enhancing effects of retinoids on p53 gene
activation or on the p53 and p21 protein expression were
not further augmented by the addition of E/P, unlike their
inhibitory effects on cell growth, indicating that other
mechanisms besides the p53 pathway are likely to be
involved. A p53-independent cell cycle arrest by retinoids
has been previously suggested in a number of breast carcinoma cells [27,32]. The p53-independent inhibitory
effects of retinoids on cell growth can be exerted through
various mechanisms including regulation of other genes
that play critical roles in cell cycle progression such as cmyc [18], inhibition of activator protein mediated transcription [33], or induction of caspase-independent cell
death via calcium and calpain [34]. However, the mechanisms of E/P-mediated p53-independent cell growth inhibition are still unknown, and are currently under
investigation using cell lines with different functional p53
systems.

24 hours after treatment, E/P required 72 hours to reach
its maximal inhibition, suggesting different mediators
may be utilized to decrease telomerase activity by E/P and
retinoids. ATRA and 9-cis RA have been previously
reported to inhibit cell growth and decrease telomerase
activity through down-regulation of the expression of
hTERT telomerase gene [37]. On the other hand, progesterone treatment has been shown to down-regulate telomerase activity by modulation of cell cycle phases [38].
Previous studies have also provided evidence that the
function of p53 in suppression of telomerase activity is
separable from its cell cycle checkpoint function [20].
Therefore, it is likely that even though E/P and retinoids
treatments both activate p53 pathway, they may use different mechanisms to inhibit telomerase activity. The different mediators involved in the inhibitory effects of E/P
and retinoids on telomerase activity may contribute to
their additive effects on inhibition of 76N TERT cell
growth. The detailed mediator mechanisms down-stream
of p53 and up-stream of telomerase activity for both E/P
and retinoid pathways remain to be defined.

Clearly, our data suggest that there are some overlaps
between E/P- and retinoid-mediated growth inhibition in
76N TERT cells, considering that in response to E/P and
retinoid treatments, same effectors such as RARE and p53
gene, p53 and p21 protein, and the telomerase activity
were affected. Additionally, there also seems to be crosstalk between the E/P- and retinoid-mediated growth inhibition. Previous studies have suggested that there is crosstalk between ERβ and RAR pathways [13,14,35]. Here, we
demonstrated that the RARE gene activity was increased in
response to E/P treatment. Furthermore, for the first time,
we showed that treatment of immortal cells with E/P or
retinoids could induce the expression of ERβ, both at the
mRNA and protein level. The expression of ERβ often is
found to be decreased markedly in the early stages of
mammary carcinogenesis [22]. Loss of ERβ expression has
been suggested as one of the events leading to the development of breast cancer [36]. Our data may reveal
another important mechanism by which E/P and retinoids produce their anticancer function, indicating ERβ
may represent a possible therapeutic target in breast cancer prevention.

Several lines of evidence suggest that the mechanisms
through which HPR regulates cell growth seem different
than those by 9-cis RA and ATRA in 76N TERT cells. In the
[3H]thymidine incorporation experiments, our results
showed that whereas only 25–30% inhibition was
observed for 9-cis RA and ATRA, 70% inhibition was
reached by HPR. In addition, in the RARE-luciferase activity assay, 9-cis RA and ATRA induce about 3- to 5-fold activation on RARE gene activity. In contrast, HPR treatment
resulted in no significant change. Finally, our data showed
that 9-cis RA or ATRA treatment caused a moderate inhibitory effect on telomerase activity. In comparison, the telomerase activity is almost completely abolished by HPR
treatment. The time courses of their inhibition of telomerase activity were different as well. While 9-cis RA and
ATRA maximally inhibited the telomerase activity around
24 hours after treatment, HPR produced its maximal effect
at 16 hours post-treatment. An obvious explanation for
these different responses observed between 9-cis RA,
ATRA and HPR is that these retinoids most likely possess
different mechanisms for their actions. As suggested by
numerous investigators, 9-cis RA and ATRA may function
through the classical retinoid pathways involving the
RARs and RXRs. On the other hand, in addition to
activation the retinoid receptors [7a], HPR may also function through alternative pathways such as down-regulation of the IGF system [39], activation of TGF-beta [40],
induction of genes which have antiproliferative activity
[41], inhibition of aromatase activity and expression [42],
and involvement of cellular signals such as reactive oxygen species [43] and the sphingolipid ceramide [44].

More importantly, our data show that the growth-inhibitory effects of retinoids were potentiated by co-treatment
with E/P in 76N TERT cells. These observations indicate
that different mechanisms may be involved in E/P- and
retinoid-mediated inhibition of cell growth. Our results of
their differential inhibitory effects on telomerase activity
may provide some explanation for this. Although E/P and
all three retinoids inhibited telomerase activity, the time
courses of their actions were different. While retinoids
produced their maximal inhibitory effects around 16 to
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Conclusion
In summary, our data demonstrate that 76N TERT cells
express RAR, RXR, ER and PR, and represent a potential
useful model to investigate the genetic changes, and the
carcinogenic or chemopreventive effects of new agents on
the development of mammary tumors. In addition, our
data clearly suggest that part of the anti-growth effects of
E/P is mediated through a p53-dependent pathway, as
well as the involvement of the inhibition of telomerase
activity and induction of ERβ. Comparing the E/P- and
retinoid-mediated inhibitory effects on cell growth, there
are overlaps, cross-talks and distinct effectors between
these pathways. Furthermore, our studies suggest that
retinoids may be more effective when combined with E/P
to prevent breast cancer development. This increased
potency and sensitized response to retinoids with combined E/P treatment might have several important clinical
implications for anti-cancer agents that mimic E/P effects.
Firstly, it might allow the currently used RA regimens to
show improved response in cancer prevention. Secondly,
it may be sufficient to overcome some acquired or intrinsic RA resistance in cancer cells. Finally, it may lower the
required does of either classes of anticancer agents used,
leading to less side effects or toxicity. Overall, our studies
better the understandings of the common and the unique
mechanisms by which E/P and retinoids regulate cell
growth, and may help us to design or to improve the clinical applications of anti-cancer agents.

Methods
Chemicals
ATRA, 9-cis RA, HPR, β-estradiol and progesterone were
all purchased from Sigma (St. Louis, MO, USA) and
dissolved in ethanol. The final concentration was 2 µM for
ATRA and HPR, 1 µM for 9-cis RA, 1 ng/ml for β-estradiol
and 1 µg/ml for progesterone. These concentrations were
chosen based on previous studies and are clinically or
physiologically relevant [3,4,12].
Culture of 76N TERT cells
Cell line was originally supplied and cultured as described
by Band et al. [8]. The culture medium D-MEM/F-12, fetal
bovine serum, penicillin, streptomycin, and gentamicin
were from Gibco (Carlsbad, CA, USA). All the other cell
culture reagents were from Sigma (St. Louis, MO, USA).
Cells were grown in D-MEM/F-12 mixture (1:1, vol/vol)
containing 15 mM HEPES buffer and 2.5 mM Lglutamine, supplemented with 1% fetal bovine serum,
12.5 ng/ml epidermal growth factor, 10 nM triiodothyronine, 50 µM freshly made ascorbic acid, 2 nM estradiol, 1
µg/ml insulin, 2.8 µM hydrocortisone, 0.1 mM ethanolamine, 0.1 mM phosphorylethanolamine, 10 µg/ml
transferrin, 15 nM selenite, 1 ng/ml cholera toxin, 35 µg/
ml bovine pituitary extract, 100 units/ml penicillin, 100
mg/ml streptomycin, and 20 µg/ml gentamicin. Cells
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were maintained in 95% humidified air plus 5% CO2 and
sub-cultured weekly. All experiments were performed on
cells with passage numbers from 6 to 15.
[3H]Thymidine Incorporation Assay
Cells were seeded into 24-well plates at 5 × 104 cells per
well and incubated at 37°C overnight. Cells were then
treated in triplicates with indicated retinoids in the presence or absence of E/P for 24 hours. After labelling cells
with 1 µCi/ml of [3H]thymidine (Amersham, Arlington
Heights, IL, USA) for 24 hours, cells were harvested by
washing with PBS and 10% TCA, solubilizing with the
mixture of 0.1% SDS and 0.1N NaOH. Aliquots were
taken for the quantification of radioactivity by the TriCarb 2900 TR Liquid Scintillation Analyzer (Perkin Elmer,
Wellesley, MA, USA). Incorporation of [3H]thymidine
was expressed as a fold change from vehicle control under
the same conditions.
Luciferase Reporter Assays
Cells were seeded in 24-well plates at 5 × 104 cells per well.
Cells were transiently transfected with 0.5 µg of either a
RARE-luciferase or a p53-luciferase plasmid along with
0.05 µg of pCMV-Renilla luciferase using the SuperFect
transfection reagent (QIAGEN, Valencia, CA, USA), following the manufacturer's recommended procedure.
Twenty-four hours after transfection, triplicate cultures
were treated with retinoids for 24 h in the presence or
absence of E/P. The cells were then washed and lysed. The
luciferase activities were measured using the DUAL-luciferase Assay System (Promega, Madison, WI, USA), and
normalized by pCMV-Renilla luciferase activity for each
sample.
Real-Time PCR Telomerase Activity Assay
Cells were lysed in CHAPS lysis buffer (Chemicon International, Temecula, CA, USA) and incubated at 4°C for
30 min. The lysate was then centrifuged at 12000 × g for
20 min at 4°C, and the supernatant was collected. The
protein concentration was measured in each extract using
the BCA protein Assay Reagent Kit (Pierce, Rockford, IL,
USA). Telomerase activity was determined in duplicates
by a quantitative real-time PCR telomerase detection Kit
(Allied Biotech, Ijamsville, MD, USA) according to the
manufacturer's protocol, using Mx4000 Multiplex Quantitative PCR System (Stratagene, La Jolla, CA, USA).
Quantitative RT-PCR for ERβ gene analysis
Cells at subconfluence were treated with retinoids in the
presence or absence of E/P for 72 hours. Total RNA was
extracted with TRIZOL Reagent from Gibco (Carlsbad,
CA, USA) according to the instructions of the manufacture. Single-stranded cDNA was made from 1 µg of total
RNA with the Cells-to-cDNA kit (Ambion, Inc., Austin,
TX, USA) at 42°C for 15 min. The primers for ERβ were
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5'CGA TGC TTT GGT TTG GGT GAT 3' (forward) and
5'GCC CTC TTT GCT TTT ACT GTC 3' (reverse). The primers for GAPDH were 5'CCA TGG AGA AGG CTG GGG 3'
(forward) and 5'CAA AGT TGT CAT GGA TGA CC 3'
(reverse). All primers were from Integrated DNA Technologies, Inc. (Coralville, IA, USA). cDNA (1 µl) was amplified in duplicates in Mx4000 Multiplex Quantitative PCR
System (Stratagene, La Jolla, CA, USA) by using Brilliant
SYBR Green QPCR Master Mix from Stratagene (La Jolla,
CA, USA). The reaction was carried out at 95°C for 10 min
to denature, 40 cycles of 95°C for 30 sec, 55°C for 60 sec,
72°C for 60 sec. ERβ gene was quantified and normalized
with external standard GAPDH.
Western blot analysis
Cells were treated with retinoids in the presence or
absence of E/P for 72 hours. Cell lysates were obtained by
incubating cells for 30 minutes at 4°C in a buffer containing 50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 0.5% NP40,
100 mM NaF, 10 mM MgCl2, and protease inhibitor cocktail (Sigma, St. Louis, MO, USA), followed by centrifuged
at 12,000 rpm for 20 min. Protein content was determined using the BCA Protein Assay Reagent Kit (Pierce,
Rockford, IL, USA). Cell lysates (~30 µg protein) were separated on 10% polyacrylamide gels in the presence of
0.1% SDS with prestained low-range molecular-weight
standards (Biorad, Richmond, CA, USA). After transfer,
the membranes were blocked and then probed with antibodies against interested proteins as suggested by
manufactures, followed by incubation with a peroxidaseconjugated secondary antibody. Immunoreactive bands
were developed with an ECL reagent from Amersham
(Arlington Heights, Il, USA). All blots were probed with
anti-actin to normalize for loading differences.
Quantification of gels was carried out using ImageJ software (NIH, Bethesda, Maryland, USA).

The p53 (DO-1), p21 (F-5) and RARγ (G-1) mouse monoclonal antibodies, and RXRα (D-20) polyclonal
antibody were from Santa Cruz Biotechnology Inc (Santa
Cruz, CA, USA). Anti-ERβ (Ab-2), ER (Ab-1), PR (Ab-1),
RARα and RARβ mouse monoclonal antibodies, and Bax
(Ab-1) polyclonal antibody were from Calbiochem (San
Diego, CA, USA). Monoclonal anti-actin, RXRβ and RXRγ
were from Sigma (St Louis, MO, USA).
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terone receptors; RARs: retinoic acid receptors; RXRs:
retinoid X receptors.

Competing interests
The author(s) declare that they have no competing
interests.

Authors' contributions
JZ designed and carried out most of the assays and drafted
the manuscript. YT carried out the real-time PCR experiments. SS conceived of the study and participated in its
coordination. All authors read and approved the final
manuscript.

Acknowledgements
We are grateful that Dr. Vimla Band (Evanston Northwestern Healthcare
Research Institute, Evanston, IL) generously provides us the 76N TERT
cells. We thank the helpful suggestions from Dr. Rong Shao (BMC, Springfield, MA) and Dr. Joseph Jerry (Umass, Amherst, MA). The tremendous
help and support from Dr. Paul Friedmann (Division of Academic Affairs,
BMC, Springfield, MA) is greatly appreciated. This project was funded by
the Rays of Hope and the Comprehensive Breast Center, Baystate Medical
Center, Springfield, MA, USA.

References
1.
2.
3.

4.

5.
6.
7.
8.

9.
10.

Statistical Analysis
Statistical differences were analyzed by T-test. Levels of
statistical significance were set at p < 0.05.

11.

List of abbreviations

12.

9-cis RA: 9-cis-retinoic acid; ATRA: all-trans-retinoic acid;
E/P: ?β-estradiol and progesterone; ERβ: estrogen receptor
beta; HPR: N-(4-hydroxyphenyl) retinamide; PR: proges-

13.

Rosner B, Colditz GA, Willett WC: Reproductive risk factors in
a prospective study of breast cancer: the Nurses' Health
Study. Am J Epidemiol 1994, 139:819-35.
Kelsey JL, Gammon MD: The epidemiology of breast cancer. CaCancer J Clin 1991, 41:146-65.
Sivaraman L, Conneely OM, Medina D, O'Malley BW: p53 is a
potential mediator of pregnancy and hormone-induced
resistance to mammary carcinogenesis. Proc Natl Acad Sci USA
2001, 98:12379-84.
Guzman RC, Yang J, Rajkumar L, Thordarson G, Chen X, Nandi S:
Hormonal prevention of breast cancer: mimicking the protective effect of pregnancy. Proc Natl Acad Sci USA 1999,
96:2520-5.
Simeone AM, Tari AM: How retinoids regulate breast cancer
cell proliferation and apoptosis. Cell Mol Life Sci 2004,
61:1475-84.
Dragnev KH, Rigas JR, Dmitrovsky E: The retinoids and cancer
prevention mechanisms. Oncologist 2000, 5:361-8.
Torrisi R, Decensi A, Formelli F, Camerini T, De Palo G: Chemoprevention of breast cancer with fenretinide. Drugs 2001,
61:909-18.
Band V, Zajchowski D, Kulesa V, Sager R: Human papilloma virus
DNAs immortalize normal human mammary epithelial cells
and reduce their growth factor requirements. Proc Natl Acad
Sci USA 1990, 87:463-467.
Shamanin VA, Androphy EJ: Immortalization of Human Mammary Epithelial Cells Is Associated with Inactivation of the
p14ARF-p53 Pathway. Mol Cell Biol 2004, 24:2144-2152.
Nakamura TM, Morin GB, Chapman KB, Weinrich SL, Andrews WH,
Lingner J, Harley CB, Cech TR: Telomerase catalytic subunit
homologs from fission yeast and human. Science 1997,
277:955-959.
Bodnar AG, Ouellette M, Frolkins M, Holt SE, Chiu CP, Morin GB,
Harley CB, Shay JW, Lichtsteiner S, Wright WE: Extension of lifespan by introduction of telomerase into normal human cells.
Science 1998, 279:349-352.
Formelli F, Camerini T, Cavadini E, Appierto V, Villani MG, Costa A,
De Palo G, Di Mauro MG, Veronesi U: Fenretinide breast cancer
prevention trial: drug and retinol plasma levels in relation to
age and disease outcome. Cancer Epidemid Biomarkers 2003,
12:34-41.
Rousseau C, Nichol JN, Pettersson F, Couture MC, Miller WH Jr: ER
beta Sensitizes Breast Cancer Cells to Retinoic Acid: Evi-

Page 11 of 12
(page number not for citation purposes)

Cancer Cell International 2005, 5:6

14.

15.
16.
17.
18.
19.

20.

21.
22.

23.
24.
25.
26.

27.

28.

29.

30.

31.
32.

33.

34.

dence of Transcriptional Crosstalk. Mol Cancer Res 2004,
2:523-31.
Zou A, Marschke KB, Arnold KE, Berger EM, Fitzgerald P, Mais DE,
Allegretto EA: Estrogen receptor beta activates the human
retinoic acid receptor alpha-1 promoter in response to
tamoxifen and other estrogen receptor antagonists, but not
in response to estrogen. Mol Endocrinol 1999, 13:418-30.
Vogelstein B, Kinzler KW: Cancer Genes and the Pathways
They Control. Nat Med 2004, 10:789-799.
Artandi SE: Complex roles for telomeres and telomerase in
breast carcinogenesis. Breast Cancer Res 2003, 5:37-41.
Feldser DM, Hackett JA, Greider CW: Telomere Dysfunction and
the Initiation of Genome Instability. Nat Rev Cancer 2003,
3:623-627.
Loveday RL, Greenman J, Drew PJ, Monson JR, Kerin MJ: Genetic
changes associated with telomerase activity in breast
cancer. Int J Cancer 1999, 84:516-20.
Kanaya T, Kyo S, Hamada K, Takakura M, Kitagawa Y, Harada H,
Inoue M: Adenoviral expression of p53 represses telomerase
activity through down-regulation of human telomerase
reverse transcriptase transcription. Clin Cancer Res 2000,
6:1239-47.
Stampfer MR, Garbe J, Nijjar T, Wigington D, Swisshelm K, Yaswen
P: Loss of p53 function accelerates acquisition of telomerase
activity in indefinite lifespan human mammary epithelial cell
lines. Oncogene 2003, 22:5238-51.
Iwao K, Miyoshi Y, Egawa C, Ikeda N, Noguchi S: Quantitative analysis of estrogen receptor-beta mRNA and its variants in
human breast cancers. Int J Cancer 2000, 88:733-6.
Roger P, Sahla ME, Makela S, Gustafsson JA, Baldet P, Rochefort H:
Decreased expression of estrogen receptor beta protein in
proliferative preinvasive mammary tumors. Cancer Res 2001,
61:2537-41.
Leygue E, Dotzlaw H, Watson PH, Murphy LC: Altered estrogen
receptor alpha and beta messenger RNA expression during
human breast tumorigenesis. Cancer Res 1998, 58:3197-201.
Lange CA, Richer J, Horwitz KB: Hypothesis: progesterone
primes breast cancer cells for cross-talk with proliferative or
antiproliferative signals. Mol Endocrinol 1999, 13:829-836.
Formby B, Willey TS: Progesterone inhibits growth and induces
apoptosis in breast cancer cells: inverse effects on Bcl-2 and
p53. Ann Clin Lab Sci 1998, 28:360-369.
Peck JD, Hulka BS, Poole C, Savitz DA, Baird D, Richardson BE: Steroid hormone levels during pregnancy and incidence of
maternal breast cancer. Cancer Epidemid Biomarkers 2002,
11:361-8.
Seewaldt VL, Kim JH, Caldwell LE, Johnson BS, Swisshelm K, Collins
SJ: All-trans-retinoic acid mediates G1 arrest but not apoptosis of normal human mammary epithelial cells. Cell Growth
Differ 1997, 8:631-641.
Li WW, Fan J, Hochhauser D, Bertino JR: Overexpression of
p21waf1 leads to increased inhibition of E2F-1 phosphorylation and sensitivity to anticancer drugs in retinoblastomanegative human sarcoma cells. Cancer Res 1997, 57:2193-2199.
Zhang Y, Rishi AK, Dawson MI, Tschang R, Farhana L, Boyanapalli M,
Reichert U, Shroot B, Van Buren EC, Fontana JA: S-phase Arrest
and Apoptosis Induced in Normal Mammary Epithelial Cells
by a Novel Retinoid. Cancer Res 2000, 60:2025-2032.
Mokbel K, Ghilchik M, Williams G, Akbar N, Parris C, Newbold R:
The association between telomerase activity and hormone
receptor status and p53 expression in breast cancer. Int J Surg
Investig 2000, 1:509-16.
Brown T, Aldous W, Lance R, Blaser J, Baker T, Williard W: The
association between telomerase, p53, and clinical staging in
colorectal cancer. Am J Surg 1998, 175:364-6.
Shao ZM, Dawson MI, Li XS, Rishi AK, Sheikh MS, Han QX, Ordonez
JV, Shroot B, Fontana JA: p53 independent G0/G1 arrest and
apoptosis induced by a novel retinoid in human breast cancer cells. Oncogene 1995, 11:493-504.
Shah S, Pishvaian MJ, Easwaran V, Brown PH, Byers SW: The role of
cadherin, beta-catenin, and AP-1 in retinoid-regulated carcinoma cell differentiation and proliferation. J Bio Chem 2002,
277:25313-22.
Adachi H, Adams A, Hughes FM, Zhang J, Cidlowski JA, Jetten AM:
Induction of apoptosis by the novel retinoid AHPN in human

http://www.cancerci.com/content/5/1/6

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

T-cell lymphoma cells involves caspase-dependent and independent pathways. Cell Death Differ 1998, 5:973-983.
Li XH, Li H, Xiao ZJ, Piao YS: Divergent effects of retinoic acids
on the expression of ERalpha and 17beta-hydroxysteroid
dehydrogenase type 2 in endometrial carcinoma cells (RL
95-2). J Clin Endocr Metab 2002, 87:640-9.
Lazennec G, Bresson D, Lucas A, Chauveau C, Vignon F: ER beta
inhibits proliferation and invasion of breast cancer cells. Endocrinology 2001, 142:4120-30.
Choi SH, Kang HK, Im EO, Kim YJ, Bae YT, Choi YH, Lee KH, Chung
HY, Chang HK, Kim ND: Inhibition of cell growth and telomerase activity of breast cancer cells in vitro by retinoic acids. Int
J Oncol 2000, 17:971-6.
Lebeau J, Fouchet P, Ory K, Chevillard S: Down-regulation of telomerase activity after progesterone treatment of human
breast cancer cells: essential role of the cell cycle status. Anticancer Res 2002, 22:2161-6.
Favoni RE, de Cupis A, Bruno S, Yee D, Ferrera A, Pirani P, Costa A,
Decensi A: Modulation of the insulin-like growth factor-I system by N-(4-hydroxyphenyl)-retinamide in human breast
cancer cell lines. Brit J Cancer 1998, 77:2138-2147.
Herbert BS, Sanders BG, Kline K: N-(4-hydroxyphenyl)retinamide activation of transforming growth factor-beta and
induction of apoptosis in human breast cancer cells. Nutr
Cancer 1999, 34:121-32.
Dokmanovic M, Chang BD, Fang J, Roninson IB: Retinoid-induced
growth arrest of breast carcinoma cells involves co-activation of multiple growth-inhibitory genes. Cancer Biol Ther 2002,
1:24-7.
Ciolino HP, Wang TT, Sathyamoorthy N: Inhibition of aromatase
activity and expression in MCF-7 cells by the chemopreventive retinoid N-(4-hydroxy-phenyl)-retinamide. Brit J Cancer
2000, 83:333-7.
Simeone AM, Broemeling LD, Rosenblum J, Tari AM: HER2/neu
reduces the apoptotic effects of N-(4-hydroxyphenyl)retinamide (4-HPR) in breast cancer cells by decreasing nitric
oxide production. Oncogene 2003, 22:6739-47.
Rehman F, Shanmugasundaram P, Schrey MP: Fenretinide stimulates redox-sensitive ceramide production in breast cancer
cells: potential role in drug-induced cytotoxicity. Brit J Cancer
2004, 91:1821-1828.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 12 of 12
(page number not for citation purposes)

