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Abstract
Estrogen and iron play critical roles in a female body development and were investigated in the
present study in relation to in vitro cell proliferation. Prempro™, a hormone replacement therapy
drug, and 17β-estradiol (E2) were shown to increase cell proliferations in estrogen receptor positive
(ER+) cells independent of progesterone receptor (PR) status. For example, increased cell
proliferation was observed in ER+/PR+ human breast cancer MCF-7, its matching non-cancerous
human breast epithelial MCF-12A, and ER+/PR+ murine mammary cancer MXT+ cells, but not in
ER−/PR− MDA-MB-231, its matching non-cancerous MCF-10A, and MXT− (ER−/PR+) cells. By
mimicking post-menopausal conditions of high estrogen in local breast tissue and increased iron
levels due to cessation of menstrual periods, E2 and iron were shown to exert synergistic effects on
proliferation of MCF-7 cells and significantly increased Ki67 and proliferating cell nuclear antigen.
Western blotting of E2-treated ER+ but not ER− cells showed that E2 also increased transferrin
receptor (TfR). Further studies are needed to assess the mitogenic effects of iron and estrogen in
normal post-menopausal breast.
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Introduction
Breast cancer incidence rates are higher in post-menopausal women than in pre-menopausal
women. Several of the well-established risk factors for breast cancer, such as early age at
menarche, nulliparity, late first full-time pregnancy, and/or late menopause, have suggested
that a long life-time exposure to estrogens contributes to breast cancer development.1 A meta-
analysis of nine prospective studies on post-menopausal levels of endogenous sex hormones
and breast cancer showed a strong association of estrogens with breast cancer risk.2
Epidemiological and clinical studies indicate that hormone replacement therapy (HRT) may
also increase the risk of breast cancer in post-menopausal women.3–5 However, this increased
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breast cancer incidence rate in post-menopausal women cannot be simply explained by
estrogen or the use of HRT because overall estrogen levels decrease due to menopause.

Menopause is a natural aging process during which time a woman passes from the reproductive
with active ovarian function to the non-reproductive years during which ovarian function
ceases. In the course of the natural menopause transition, the dynamics of the hypothalamic–
pituitary–ovarian hormones change dramatically from cyclic-to-static patterns and serum
levels of estrogen and progesterone (Pg) significantly diminish.6,7 Although estrogen is no
longer an endocrine factor in post-menopausal women, estrogen is produced locally in breast
tissue by aromatase cytochrome P450 (P450arom, the product of the CYP19 gene).8–10
Therefore, despite the marked decline in serum estrogen levels after menopause, breast tissue
E2 levels in pre- and post-menopausal women do not significantly differ.11,12 In post-
menopausal women, prostaglandin E2 increases intracellular cAMP levels and stimulates
estrogen biosynthesis as a consequence of overexpression of the cyclooxygenase type II.12,
13 Considering comparable levels of breast tissue estrogen and lower serum estrogen, one still
cannot explain higher breast cancer incidence rates in post-menopausal women as compared
to pre-menopausal women. These observations strongly suggest that factors other than estrogen
may contribute to breast cancer development in post-menopausal women.

One of the most striking physiological differences between pre- and post-menopausal women
besides those in endocrine factors is in iron (Fe) status. Due to the cessation of menstrual
bleeding, serum levels of Fe, such as that bound to ferritin and transferrin, are 2–3 times higher
in post- than in pre-menopausal women.14–16 Ferritin, an Fe storage protein with a capacity
of binding up to 4500 atoms of Fe per molecule of ferritin,17 and transferrin, an Fe transport
protein with two binding sites for Fe, are more saturated in post- than in pre-menopausal
women.18,19 Because of these profound pre- and post-menopausal differences in Fe status, it
is conceivable that Fe is an etiological factor in the development of breast cancer in post-
menopausal women.

In the present study, we investigated the effects of Prempro™, the most prescribed drug for
post-menopausal symptoms,20 as well as 17β-estradiol (E2), Pg, and Fe on proliferation of
breast epithelial cancer and non-cancer cells. Various cell lines with different estrogen receptor
(ER) and progesterone receptor (PR) status were used in a cell culture system. Our results
suggest that high levels of Fe, which is associated with the cessation of menstrual blood, in
conjunction with HRT or high levels of endogenous estrogen, could contribute to breast cancer
development in post-menopausal women.

Materials and methods
Chemical reagents

Fetal bovine serum (FBS), antibiotics, and L-glutamine were obtained from Atlanta Biologicals
(Norcross, GA). Alpha minimum essential medium (α-MEM), tamoxifen (Tam), E2-water
soluble, Pg, ferrous sulfate septahydrate, crystal violet, glutaraldehyde, ethanol, methanol, and
monoclonal mouse-anti-β-tubulin antibodies were purchased from Sigma-Aldrich (St. Louis,
MO). Other reagents were: transferrin receptor (TfR) ELISA kit (R&D Systems, Minneapolis,
MN), mouse-anti-human TfR antibodies (Research Diagnostics Inc., Flanders, NJ), anti-mouse
PCNA antibody and rabbit polyclonal Ki67 antibody (Abcam, Inc., Cambridge, MA),
peroxidase-conjugated anti-mouse antibody (Cell Signaling Technology, Beverly, MA), cell
lysis M-Per buffer (Pierce, Rockford, IL), Prempo™ tablets (Wyeth-Ayerst Pharmaceuticals,
Philadelphia, PA).
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Cell culture
Human breast cancer estrogen receptor positive and progesterone receptor positive (ER+/
PR+) MCF-7 and ER−/PR− MDA-MB-231 and the immortalized human non-cancerous breast
epithelial MCF-12A (ER+/PR+) and MCF-10A (ER−/PR−) cell lines were purchased from
American Type Culture Collection (ATCC, Manassas, VA). MXT+ cell line was derived from
the murine mammary cancer model MXT−M-3,2 MC (hormone sensitive), which was induced
by urethane treatment in female C57BLxDBAfF1 mice.21 MXT− cell line was derived from
the MXT−M-3,2 (OVX) MC (hormone insensitive) mice.22 MXT+ cells with ER+/PR+ and
MXT− cells (ER−/PR+) were previously characterized.23 All cells were initially cultured in α-
MEM containing 10% FBS and 0.9 mg/ml L-glutamine in a humidified atmosphere of 95% air,
5% CO2 at 37 °C and changed to 0.1% FBS as indicated in the figure legends for treatments.

Measurements of cell proliferation
To evaluate cell proliferation, a crystal violet assay as well as Western blotting using
proliferation markers of PCNA and Ki67 were employed as previously described.23,24 To test
the effect of Prempro™, the tablet containing 0.625 mg conjugated estrogens and 2.5 mg of
medroxy-progesterone acetate (MPA) was weighed (approximately 350 mg) and ground in an
agar mortar and suspended in water. Subsequently, a series of dilutions was made and 10 µl
of the diluted Prempro™ suspensions were added into the wells to make the final doses of 0,
1, 2, 5, 10 µg/cm2 in a total volume of 200 µl per well. For each dose of Prempro™, 16 replicates
on two slots of a 96-well microplate were used. One microplate was also used for each time
point (0, 24, 48, 72, 96 and 120 h). Data were presented as µg/cm2 because at these exposure
conditions the tablet was not completely soluble. Based on the surface area of 0.36 cm2 in each
well and 200 µl of culture media, one µg/cm2 Prempro™ tablet is equivalent to 10−8 M E2 and
3.3 × 10−8 M MPA assuming that the conjugated estrogens and MPA are completely
solubilized.

After treatments, the cell culture medium was removed. One hundred µl of 1% (w/w)
glutaraldehyde dissolved in 1 × PBS were then added into each well and incubated for 15 min
at room temperature. The glutaraldehyde solutions were subsequently replaced with 150 µl 1
× PBS and the plate was stored at 4 °C until the last plate was collected. Cells in each well
were then stained with 0.02% crystal violet solution (100 µl/well) for 30 min. After washing
off the excess dye with water, cells in each well were re-dissolved in 70% ethanol at 180 µl/
well. After shaking the microplate for 3 h, absorbance was recorded at 578 nm on a microplate
reader (Molecular Device, CA).

The effects of chemical reagents on cell proliferation were calculated as follows23: [%] T/C =
(T–C0)/(C–C0) × 100 with T representing the mean absorbance of the treated cells, C
representing the mean absorbance of the controls, and C0 representing the mean absorbance
of the cells at time zero.

Water-soluble E2, Pg, and Fe as ferrous sulfate were all freshly prepared in distilled water at
high concentrations except Tam in methanol and further diluted in α-MEM before MCF-7 cell
treatment. The selected doses for the testing were relevant to pharmacological doses during
HRT use. For the effect of Tam, Tam was added 2 h before E2 or Pg treatment. For the combined
effects of Fe and E2, E2 was first added to MCF-7, MDA-MB-231, and MCF-10A cells, and
followed by Fe in α-MEM containing 0.1% FBS. The reason for using 0.1% FBS was to avoid
the confounding effects of transferrin Fe from the added serum. MCF-12A cells were tested
in the presence of 10% FBS because these cells could not survive in α-MEM containing 0.1%
FBS. The experiments were quadruplicated in testing these compounds.
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To further confirm the effects of E2 and Fe on cell proliferation, MCF-7 cells were collected
using a rubber policeman, lysed with M-Per lysis buffer (Pierce). Cell lysates (30 µg protein)
were subjected to 7.5% SDS–polyacrylamide gel electrophoresis and then transferred onto
nitrocellulose membranes. The membranes were blocked with 5% non-fat dry milk in Tris-
buffered saline containing 0.05% Tween-20 and probed with antibodies against Ki67, PCNA
or β-tubulin. Antibody binding signals were visualized with peroxidase-conjugated anti-mouse
antibody using Western Lightning Plus Chemiluminescence Reagent (Perkin-Elmer,
Wellesley, MA).

Determination of TfR by Western blotting and ELISA
After treatments with E2 and/or Fe, MCF-7 culture media were collected for TfR
measurements. MCF-7, MCF-10A, and MDA-MB-231 cells were collected using a rubber
policeman, lysed with M-Per lysis buffer (Pierce), and subjected to Western blot using TfR
antibody. TfR in tissue culture media was determined by ELISA using two different
monoclonal antibodies specific for TfR (R&D Systems, Minneapolis, MN). Twenty microliter
culture media were used and the amount of TfR was measured by incubation with a
chromogenic substrate at 450 nm.

Statistical analysis
To assure reproducibility, the experiments were repeated at least three times. Graphed data
represent the means ± SD. The statistical significance of experimental differences was
determined by Student’s t-test. A two-tailed p-value of <0.05 was taken to represent a
significant difference in all cases.

Results
Effects of Prempro™ on proliferation of human breast epithelial cells with different ER and
PR status

Fig. 1 shows that Prempro™ increased cell proliferation in MCF-7 cells, which are ER+ and
PR+. Prempro™ had no effect on cell proliferation of ER−/PR− MCF-10A cells. The increases
in proliferation of MCF-7 cells were Prempro™ dose-dependent at 48 h treatment. There was
no increase in cell proliferation in ER−/PR− MCF-10A cells treated with low doses of
Prempro™. In fact, high doses (≥ 5 µg/cm2 Prempro™) inhibited ER− cell growth (Fig. 1).

Effects of Prempro™ on proliferation of mouse mammary cancer MXT cells with different ER
but similar PR status

To determine the roles ER and PR status in Prempro™-mediated cell proliferation, mouse
mammary cancer MXT+ (ER+/PR+) and MXT− (ER−/PR+) cells were used for comparison.
PR levels were previously shown to be similar between MXT+ and MXT− cells.23 Prempro™
increased proliferation of ER+/PR+ MXT+ cells but not ER−/PR+ MXT− cells at 24 h treatment
(Fig. 2). After ≥48 h treatment, proliferation of MXT+ cells had reached a maximal growth
level under the conditions used (10% FBS-containing α-MEM) and no significant differences
were observed between the control MXT+ cells and the Prempro™-treated MXT+ cells.
Treatment of MXT− cells with Prempro™ at 10 µg/cm2 for 72 h or longer resulted in a
significant inhibition as compared with the control MXT− cells (73.4±1.1% of control readings,
p < 0.05). These results indicate that the difference in ER status between these two cell lines
is the main factor responsible for the difference in cell proliferation response to Prempro™
treatment.
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Effects of E2, Pg, and Tam on proliferation of MCF-7 cells
MCF-7 cells were separately treated with 1 nM E2 or 4 nM Pg and/or 5 µM Tam. Fig. 3 shows
that E2 significantly increased cell proliferation by 289% over controls after 72 h treatment.
At 48 h, the increase over the control was 102% for 1 nM E2 and 123% for 10 nM E2 (data
not shown). Tam, an antagonist for ER, significantly inhibited E2-induced cell proliferation.
Under these experimental conditions, Tam itself had no effect on MCF-7 or on Pg-induced cell
proliferation. Pg also significantly increased MCF-7 cell proliferation (89% over controls).

Additive or synergistic effects of E2 and iron on cell proliferation
To determine whether Fe contributes, synergistically or additively, to E2-induced cell
proliferation, breast cancer MCF-7 and MDA-MB-231 and the non-cancerous MCF-12A and
MCF-10A cells were treated with E2 and/or Fe. Fig. 4A shows that E2 significantly increased
proliferation of ER+ MCF-7 and MCF-12A cells, but not ER− MDA-MB-231 or MCF-10A
cells. In contrast, Fe increased proliferation of all types of cells (Fig. 4A). E2 and Fe together,
in the presence of 0.1% FBS, significantly enhanced MCF-7 cell proliferation as compared to
either factor alone. The combined effects of E2 (10−9 M) and Fe (10 µM) at these concentrations
appeared to be additive (Fig. 4A). It is noteworthy that the additive effects of E2 and Fe on
MCF-12A cells were not evident. This may be due to the presence of 10% FBS, masking the
proliferating effects of E2 and Fe. Lowering E2 and Fe concentrations by one order of
magnitude, E2 at 10−10 M or Fe at 1 µM resulted in only a 24% or 9% increase in cell
proliferation over the control MCF-7 cells, respectively (Fig. 4B). Interestingly, E2 at 10−10

M with Fe at 1 µM together displayed a 66% increase in cell proliferation over the control
MCF-7 cells (Fig. 4B). These effects were neither observed in MDA-MB-231 or MCF-10A
cells, which are ER−, nor in ER+ MCF-12A cells, which were grown in 10% FBS. These results
indicate that lower doses of E2 or Fe lead to a less robust cell proliferation, but the combined
effects were synergistic in ER+/PR+ breast cancer MCF-7 cells. This was further confirmed
by Ki67 and PCNA, markers of cell proliferation, showing more intense band with E2 and Fe
than control or either alone (Fig. 5).

Up-regulation of TfR by E2
To investigate mechanism of a combined exposure to E2 and Fe on cell proliferation, Western
blotting and ELISA techniques were employed to detect TfR, a membrane protein with a
molecular weight of 90 kDa, which controls cellular Fe uptake.25,26 Fe at 25 and 50 µM down-
regulated the expression of TfR protein in MCF-7 cells (Fig. 6A, lanes 2 and 3), a normal Fe
metabolism effect through a negative feed-back mechanism. Interestingly, E2 at 5 and 10 nM
induced TfR (Fig. 6A, lanes 4 and 7). This induction may be due to the increased cell
proliferation, which requires more Fe at the time when an Fe supply is limited. However, when
Fe was present in the tissue culture medium, the induction of TfR by E2 was not significant
(Fig. 6A, lanes 5, 6, and 8). Fig. 6B showed that E2 had no effects on TfR induction in ER−

MCF-10A and MDA-MB-231 cells. Fe also significantly decreased culture media levels of
TfR while E2 increased their TfR levels (Fig. 7), findings paralleling those of the Western
blotting and suggesting that the membrane-bound TfR can be released into the culture medium.

Discussion
Increasing evidence demonstrates that post-menopausal HRT with estrogen alone or estrogen
plus progestin may increase breast cancer risk.27 In the present study, we have shown that
Prempro™, a drug often used for HRT in post-menopausal women, enhanced cell proliferation
only in ER+ cells (e.g., MCF-7 or MXT+ cells), regardless of PR status (e.g., PR− MCF-10A
or PR+ MXT− cells). These results suggest that equine estrogen in the Prempro™ tablet may
be the main active ingredient causing ER+ cell proliferation. Interestingly, since the release of
the Women’s Health Initiatives’ (WHI) findings on Prempro™ and increased breast cancer
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risk in 2002, a sharp decrease in incidence from 2002 to 2003 was recently reported in women
between 50 and 69 years old who predominantly, but not exclusively, had ER+ breast tumors.
28 Although many factors could contribute to the decline, it apparently mirrored the drop in
hormone use that occurred after the reported findings of WHI.29 Our results on ER+ cell
proliferation by Prempro™, in agreement with the observed decrease in ER+ breast tumors
during 2002–2003, suggest that HRT use could contribute to ER+ breast tumor development
in post-menopausal women.

Prempro™ had no cell proliferating effect on ER−/PR+ MXT− and ER−/PR− MCF-10A cells,
suggesting that MPA in the Prempro™ tablet may be inactive in stimulating cell growth or PR
in MXT− cells is not functional. In fact, one previous study has shown that E2 stimulated and
MPA slightly inhibited the growth of normal human endometrium in a novel organotypic
culture model.30 The inhibiting effects of MPA were in contrast to the effect of Pg, which
significantly enhanced proliferation of MCF-7 cells (Fig. 3). These results suggest that MPA
may have some non-Pg-like effects, enhancing breast cancer risk when used in combination
with estrogen therapy.31,32 Tam, an E2 antagonist, decreased E2- and Pg-induced proliferation
suggesting that both E2 and Pg effects involve the ER.

Fe and estrogen are two of the most important growth nutrients in a female body development.
Fe is essential for cell growth and metabolic processes that include oxygen transport, enzyme
functions, DNA synthesis, and electron transport.33 Yet, mounting evidence indicates that
increased Fe levels in the body may be associated with increased risk of cancer.34–37 During
menopause or perimenopause, Fe accumulates slowly in the female body due to the cessation
of menstrual bleeding and is chelated by Fe proteins such as ferritin and transferrin.18,19,38

Estrogens influence the growth, differentiation, and function of tissues of the female
reproductive system, i.e., uterus, ovary, and breast.39 Estrogen’s growth-stimulating effects
could make it a cancer promoter.40,41 Recent work suggests that estrogen metabolites formed
in the body may also cause the initiating mutations.42,43 4-Hydroxyestrone (4-HE) and 16α-
hydroxyestrone (16-α) are the main metabolites that may induce alkylation and oxidation of
DNA contributing to cancer development.43–45 Although menopause results in a decrease of
serum estrogen levels, estrogen levels in breast tissue are much higher than in the serum because
of the aromatase activity present in the breast.11,46 Therefore, breast tissues in post-
menopausal women are locally exposed to high levels of Fe and estrogen as compared to those
in pre-menopausal women, who are characterized by low Fe and high estrogen. This
observation prompted us to investigate whether combined exposure of Fe and E2 could enhance
breast cell proliferation. Indeed, we have shown an additive effect on the growth of ER+ breast
cancer MCF-7 cells at high doses of E2 and Fe and synergistic effect at low doses, which are
physiologically relevant47,48 (Fig. 4). Because the non-cancerous MCF-12A cells could not
be tested in 0.1% FBS (cell death), we were not able to show whether this effect is true in
normal breast epithelial cells. Further in vivo studies are needed to assess this mitogenic effect.

The roles of Fe and estrogen in breast cancer have long been suspected but have not been
specifically studied in tandem, particularly in relation to breast epithelial cell proliferation.
Previous studies have mainly focused on redox cycling of catecholestrogen metabolites
between quinone and catechol forms. The formation of superoxide anions may reduce Fe3+

stored in ferritin and release Fe2+ from it.49,50 It was shown that an elevated dietary Fe intake
enhances the incidence of carcinogen-induced mammary cancer in rats and estrogen-induced
kidney tumors in Syrian hamsters.51 A sub-cutaneous administration of ferrous sulfate
subsequent to DMBA initiation greatly accelerated mammary carcinogenesis in female
Sprague-Dawley rats, implying Fe’s promoting activity.52

The maintenance of Fe homeostasis is regulated by TfR that transport Fe into the cell and by
ferritin sequestering this metal.53,54 Cellular Fe uptake depends on the numbers of membrane-
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bound TfR.25,55 Because of the pivotal role of TfR in Fe uptake, the TfR is more abundantly
expressed in rapidly dividing cells than quiescent cells,56,57 and high levels of TfR expression
have been identified on many tumors.58–60 In fact, studies have shown that expression of TfR
is more abundant in breast cancer tissue than in normal tissue.60,61 Given the facts that estrogen
and Fe exert their biological effects through their receptors,62,63 it is important to know whether
E2 affects TfR in cells with different ER and PR status.

We have shown that MCF-7 cells treated with Fe down-regulated their TfR expression. E2 up-
regulated TfR expression in a dose-dependent manner in ER+ cells, but not in ER− cells (Fig.
6). Some of the over-expressed TfR were released into the tissue culture media (Fig. 7).
Previous studies have shown that E2 can induce a novel transferrin binding protein structurally
related to the stress-regulated proteins in MCF-7 cells, and lactoferrin in the female
reproductive tract of mouse, rat, and hamster.64,65 A recent study has further demonstrated that
E2 induces transferrin gene expression in MCF-7 cells through a non-consensus distal estrogen-
responsive element.66 In our study, this E2-induced TfR up-regulation appears to be Fe-
independent, possibly through estrogen-responsive element in the promoter region of TfR gene.

Collectively, our results suggest that Fe and estrogen may be concomitantly involved in the
proliferation of ER+ breast cells. This finding may be significant and relevant to breast cancer
development in post-menopausal women because Fe levels in this population are high due to
the cessation of menstrual periods. Although serum levels of estrogen decrease in post-
menopausal women, it is important to recognize that local breast tissue estrogen levels are high,
comparable to the levels before menopause. Therefore, post-menopausal women experience
high levels of estrogen and Fe in the breast, which could make them more susceptible to breast
cancer development.

Abbreviations

α-MEM alpha-minimal essential medium

E2 17β-estradiol

ER estrogen receptor

FBS fetal bovine serum

HRT hormone replacement therapy

MPA medroxy-progesterone acetate

Pg progesterone

PR progesterone receptor

Tam tamoxifen

TfR transferrin receptor
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Fig. 1.
Effects of Prempro™ on proliferation of human breast cancer MCF-7 but not MCF-10A cells.
MCF-7 (ER+/PR+) and MCF-10A (ER−/PR−) cells were treated with 0, 1, 2, 5, and 10 µg/
cm2 of Prempro™ in 10% FBS α-MEM medium in a 96-well plate for 48 h. One µg/cm2 of
Prempro™ equals to 10−8 M E2 and 3.3 × 10−8 MPA in culture media. *Significantly different
from control, p < 0.05.
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Fig. 2.
Effects of Prempro™ on proliferation of mouse mammary cancer MXT+ but not MXT− cells.
MXT+ (ER+/PR+) and MXT− (ER−/PR+) cells were treated with 0, 1, 2, 5, and 10 µg/cm2 of
Prempro™ in 10% FBS α-MEM medium in a 96-well plate for 24 h. *Significantly different
from control, p < 0.05.
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Fig. 3.
Effects of 17β-estradiol (E2), progesterone (Pg), and/or Tam on proliferation of human breast
cancer MCF-7 cells. MCF-7 cells were treated with E2 at 10−9 M, Pg at 4 × 10−9 M, and Tam
at 5 µM for 72 h. *Significantly different from control, p < 0.05. &Significantly different from
cells treated with E2 or Pg alone, p < 0.05.
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Fig. 4.
Additive (A) and synergistic (B) effects of E2 and iron on MCF-7 cell proliferation. MCF-7,
MDA-MB-231, and MCF-10A cells were treated with 1 × 10−9 M E2 and/or 10 µM Fe (A) or
1 × 10−10 M E2 and/or 1 µM Fe (B) in 0.1% FBS α-MEM for 24 h except MCF-12A cells in
10% FBS. *Significantly different from control, p < 0.05. &Significantly different from cells
treated with E2 or iron alone, p < 0.05.
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Fig. 5.
Enhancing effects of E2 and iron on Ki67 and PCNA, markers of cell proliferation. MCF-7
cells grown in 0.1% FBS α-MEM were treated with E2 (10−9 M), iron (10 µM) or E2 + iron
cultured in 6-well dish for 6 and 24 h. Cells were collected and lysed using M-Per lysis buffer.
Thirty µg of protein samples were loaded to each well for Ki67, PCNA, and β-tubulin Western
blotting. A representative gel was shown from three replicates (A) and folds of increase over
controls were shown in (B) after quantification by densitometry. *Significantly different from
control for both Ki67 and PCNA, p < 0.05.
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Fig. 6.
Enhancing effects of E2 on TfR regulation in ER+ MCF-7 (A) but not in ER− MCF-10A and
MDA-MB-231 cells (B), and inhibitory effects of iron on TfR in all cells. ER+ MCF-7 cells
were treated with E2 at 5 × 10−9 and 10 × 10−9 M in a 10-cm cell culture dish in 10% FBS α-
MEM for 24 h, medium removed, then followed by exposure to iron at 25 and 50 µM in 0.1%
FBS α-MEM for additional 24 h. ER− MCF-10A and MDA-MB-231 cells were treated with
E2 at 5 × 10−9 M and/or iron at 25 µM in the same manner. Cells were collected and lysed
using M-Per lysis buffer. Thirty microgram of protein samples were loaded to each well for
TfR and β-tubulin Western blotting.
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Fig. 7.
Effects of E2 and/or iron on TfR levels in tissue culture media. MCF-7 cells were treated with
E2 in 10−9 M ranges and/or iron in µM ranges as described in Fig. 6A and in parentheses. Cell
culture media were collected for TfR determination using ELISA method. *Significantly
different from control, p < 0.05.
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