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BACKGROUND: Breast cancer development involves a series of mutations in a heterogeneous group of proto-oncogenes/tumor sup-
pressor genes that alter mammary cells to create a microenvironment permissive to tumorigenesis. Exposure to hormones during infertility
treatment may have a mutagenic effect on normal mammary epithelial cells, high-risk breast lesions and early-stage breast cancers. Our goal
was to understand the association between infertility treatment and normal and cancerous breast cell proliferation.

METHODS: MCF-|0A normal mammary cells and the breast cancer cell lines MCF-7 [estrogen receptor (ER)-positive, well differentiated]
and HCC 1937 (ER-negative, aggressive, BRCA| mutation) were treated with the weak ER activator clomiphene citrate and hormones that
are increased during infertility treatment. Direct effects of treatment on cell proliferation and colony growth were determined.

RESULTS: While clomiphene citrate had no effect on MCF-10A cells or MCF-7 breast cancer cells, it decreased proliferation of HCC 1937
versus untreated cells (P = 0.003). Estrogen had no effect on either MCF-10A or HCC 1937 cells but, as expected, increased cell prolifer-
ation (20—100 nM; P < 0.002) and colony growth (10—30nM; P < 0.0001) of MCF-7 cells versus control. Conversely, progesterone
decreased both proliferation (P = 0.001) and colony growth (P = 0.01) of MCF-10A cells, inhibited colony size of MCF-7 cells (P = 0.01)
and decreased proliferation of HCC 1937 cells (P = 0.008) versus control. hCG (100 mlU/ml) decreased both proliferation (P < 0.01)
and colony growth (P < 0.002) of all three cell lines.

CONCLUSIONS: Although these data are preclinical, they support possible indirect estrogenic effects of infertility regimens on ER-positive

breast cancer cells and validate the potential protective effect of pregnancy-related exposure to hCG.
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Introduction

In 2009, nearly 200 000 new invasive breast cancers were diagnosed in
the USA (Breast Cancer Facts & Figures 2009-2010). Of these, ap-
proximately 18000 cases occurred in women younger than 45 years
(Breast Cancer Facts & Figures 2009-2010). Though age 35 years
marks a time of declining fertility for women, increasingly, women
are choosing to delay childbearing. Nearly 20% of US women will
have their first child after age 35 years, and one-third of these
women will have fertility issues (ASRM, 2003; Leridon, 2004). Thus,
many women will opt for fertility treatment at a time when breast
cancer incidence begins to increase. Some studies have found an
increased risk of breast cancer in the setting of infertility treatment,
particularly for patients at high risk for the disease, such as women

with a family history (Gauthier et al., 2004). However, a causal rela-
tionship between breast cancer development and infertility treatment
has not been well established.

Estrogen is elevated to supraphysiologic levels as a direct result of
owvulation induction with clomiphene citrate and FSH/hCG during in-
fertility treatment (Jee et al., 2006; Kyrou et al., 2009). Estrogen is a
breast epithelial cell mitogen, and through interaction with other hor-
mones and growth factors, contributes to activation of proto-
oncogenes, such as c-myc, cyclin DI and cyclin E (Mawson et al.,
2005; Han et al., 2006; Butt et al, 2008). These genes mediate
Gl-to-S phase transition during normal cell-cycle progression. Thus,
increased exposure to estrogens during infertility treatment may facili-
tate malignant potential of cell cycle regulatory proto-oncogenes in
breast epithelium (Butt et al., 2008). This link between exposure to
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supraphysiologic levels of estrogen and risk of malignant mammary
transformation forms a basis for concern about the impact that infer-
tility treatments may have on mammary tumorigenesis. Potentially
deleterious epigenetic events have been noted at early life time
points, where young girls may be exposed to hormones, such as re-
combinant growth hormone and estradiol (E;), from additives found
in some dairy and meat products, among a myriad of other environ-
mental exposures that are thought to be cumulative over a patient’s
lifetime (Hiatt et al., 2009). Furthermore, lifetime exposure to estro-
gens, including early menarche and late menopause, is a known risk
factor for breast cancer (Henderson and Feigelson, 2000; Hiatt
et al., 2009). The time delay from deleterious exposure to malignant
transformation is variable dependent on several factors, including
genetic predilection, impact of harmful exposure and possible favor-
able modifying events. The additive effect of fertility treatments and
the elevated hormone exposure associated with these treatments
over time would thus be considered in the context of a patient’s
overall lifetime risk from hormone exposure. Some studies have
shown a potential timeframe of over 10 years prior to malignant trans-
formation for patients diagnosed with high-risk breast lesions (Collins
et al., 2005). Interventions to prevent this transformation are thus
recommended, such as the anti-estrogen tamoxifen (Eng-Wong
et al., 2010).

The direct effect of infertility treatment agents on mammary epi-
thelial and/or stromal tissue, independent of downstream estrogen
elevation, is not known. During cycles in which ovulation is
induced, serum estrogen levels are greater than those occurring in
naturally cycling women. Additionally, ovulation of multiple follicles
leads to high progesterone levels, which may also increase breast
cancer risk. Clomiphene citrate can act by binding to the estrogen
receptor (ER) and exerting a weak estrogenic effect while blocking
endogenous estrogen (Kurosawa et al., 2010). Potential carcinogenic
effects of clomiphene citrate may be mediated through activation of
estrogenic transcriptional activity, and these effects are likely de-
pendent on clomiphene citrate exposure dose, endogenous tissue
metabolism and the hormonal environment (Musgrove et al.,
1989). One study of more than 5000 women has demonstrated
an elevated breast cancer risk associated with clomiphene citrate, in-
dependent of family history (Lerner-Geva et al., 2006). In contrast,
hCG, which is present at very high levels in early pregnancy, has
both anti-invasive and anti-proliferative effects mediated through
the breast epithelial LH/hCG receptor and down-regulation of
nuclear factor-kappa B and activator protein-| transcription factors
in human breast cancer (Rao et al., 2004). In certain tissue beds,
however, hCG has been identified as an inducer of angiogenesis
through activation of the endothelial LH/hCG receptor (Zygmunt
et al., 2002).

To gain a better understanding of the relationship between infertility
treatment and the risk of breast malignancy, we characterized the
effects of a widely used infertility agent—clomiphene citrate—as
well as E,, progesterone and the pregnancy hormone, hCG, on
mammary epithelial and cancer cell growth and proliferation in vitro.
To this end, we utilized the MCF-10A cell line which approximates
normal mammary cells, the MCF-7 cell line representative of ER+
well-differentiated breast cancer, and the HCC 1937 ER-, BRCAI-
mutated breast cancer cell line reflecting hereditary, ER more aggres-
sive breast cancer.

Materials and Methods

Cell lines, culture media and hormones

MCF-10A, MCF-7 and HCC 1937 cell lines were obtained from ATCC
(Manassas, VA, USA). The MCF-10A cell line was maintained in Dulbec-
co’s modified Eagle’s medium (DMEM)-FI2 and 10% horse serum,
MCF-7 in DMEM-FI2 and 10% fetal bovine serum (FBS) and HCC 1937
in RPMI with 10% FBS serum; all media were supplemented with penicil-
lin/streptomycin (Invitrogen, Carlsbad, CA, USA). All media contained no
phenol red; serum used in culture media was stripped using charcoal to
remove estrogenic compounds. hCG, estrogen, progesterone and clomi-
phene citrate were obtained from Sigma (St. Louis, MO, USA).

2D cell culture and MTS assay

Cell proliferation was evaluated by 3-(4,5-dimethylthiazol-2-yl)-5-(3-car-
boxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt (MTS)
assay per the manufacturer’s instructions (CellTiter 96® AQ_eous One So-
lution Cell Proliferation Assay, Promega, Madison, WI, USA). Briefly, for
each cell line, cells were seeded in 96-well plates at 5 x 10° cells/
100 pl media per well for MCF-10A cells and at 3 x 10%/100 pl media
for MCF-7 and HCC 1937 cells, which grow and reach confluency more
rapidly than MCF-10A cells. Five wells were plated for each treatment
for each time point and allowed to adhere overnight. Cells were treated
as follows: no treatment (media plus ethanol diluent), 30 nM E,, 30 nM
clomiphene citrate, 10 nM progesterone, 0.5 mlU/ml hCG, 10 mlU/ml
hCG (Day | only) or 100 mlU/ml hCG (Day | only). To examine the
impact of increasing dose of estrogen, MCF-7 cells were treated as
follows: no treatment, 10, 20, 30, 60 and 100 nM E,. All experiments
were performed in triplicate. For baseline reading (Day 0), 20 wl of MTS
solution was added, plates were incubated for 3 h and absorbance was
then read on a Bio Rad Microplate Reader Model 680 (Hercules, CA,
USA) at 490 nm. The MTS assay was repeated on Days 2, 4, 6 and 10.
All experiments (five wells per treatment per time point) were repeated
in triplicate.

3D Matrigel cell culture

In 96-well plates, 30 pl of growth factor-reduced, phenol red-free Matrigel
(BD Biosciences, San Jose, CA, USA) was spread evenly over the entire
well surface. Plates were then incubated at 37°C for 30 min to solidify
the Matrigel. Cells were trypsinized, spun down at 500g for 2 min and
resuspended in media with 2% v/v Matrigel added. Cell density was deter-
mined and 1.25 x 10° cells were plated in each well. This was considered
Day 0. Media was freshly prepared and changed every other day beginning
on Day |. On Days 4 and 10, an image of each well was taken at x |0
magnification using AxioVision (Zeiss, Thornwood, NY, USA). Study
cells were treated as described above. To examine the impact of increas-
ing dose of estrogen, MCF-7 cells were treated as follows: no treatment
(media plus ethanol diluent), 10, 20 and 30 nM E,.

Statistical analysis

For the MTS assay in 2D cultures, proliferation was measured as absorb-
ance at 490 nm and reported as raw values with or without treatment at
each time point. For each image of the cells in 3D Matrigel cultures,
number of colonies was recorded and colony size was measured and
reported as a ratio of values for treated to untreated cells at each time
point. Average values of absorbance at 490 nm (proliferation in 2D
culture) and average ratios of colony area (growth in 3D culture) and
SEM were calculated using GraphPad Prism 4 (La Jolla, CA, USA). Stu-
dent’s t-test was used to compare values between treated and untreated
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cells at each time point, generating two-sided P-values. P-values <0.05
were considered significant.

Results

Effects of infertility agents and pregnancy
hormones on MCF-10A cells

MCF-10A cells are ER- and approximate normal immortalized
mammary epithelium. Compared with untreated cells, cell prolifer-
ation (Fig. 1A) was not affected by 10 days of treatment with E; or
clomiphene citrate, whereas progesterone significantly decreased cell
proliferation as did any treatment with hCG. Overall, there was an
inverse dose dependence on cell proliferation as concentration of
hCG increased. For 3D cultures of MCF-10A cells, treatment with
E,, clomiphene citrate or 0.5 IU/ml hCG did not have any effect on
colony size (Fig. IB); however, cells treated with progesterone,

>

—8-no treatment
—&— esfrogen
—@—clomiphene
—&— progestin
—¥-0.5 hCG
—8-10 hCG
—e—100 hCG

(5]

==

absorbance at 490 nm

MCF-10A

B 175 -

- I no treatment
E I estrogen
E 125 1 [ clomiphene
8 1.00 = progestin
2 075 0.5 hCG
) . EH10 hCG
o N 100 hCG
® 0.25

0.00

Day 4 Day 10
MCF-10A

Figure | Effects of clomiphene citrate and pregnancy hormones on
MCF-10A cells. (A) MTS assay performed in 2D culture for MCF-10A
cells; absorbance indicates number of viable cells at each time point as
a measure of cell proliferation. Significant differences between treated
and untreated values on Day |0 were determined by two-sided Stu-
dent’s t-test: estrogen, P = 0.34; clomiphene citrate, P = 0.16; pro-
gesterone, P=0.001; 0.5mlU/ml hCG, P=0.00l; [0mIU/ml
hCG, P=0.001; 100 mlU/ml hCG, P < 0.0001. (B) Ratio of total
area of colonies for treated versus untreated control cell 3D cultures
(a measure of colony growth/size) on Day 4 and Day 0. Day |0
P-values are as follows: estrogen, P=0.93; clomiphene citrate,
P=0.91; progesterone, P=0.0l; 0.5mlU/ml hCG, P=03l;
10 mIU/ml hCG, P = 0.0001; 100 mlU/ml hCG, P < 0.0001. Aster-
isks indicate a significant difference between treated and untreated
cells at each time point. All values are mean + SEM for n=3
experiments.

[0mIU/ml hCG or 100 mlU/ml hCG had a relatively smaller
colony size on study day 10 (Fig. |B).

Effects of infertility agents and pregnancy
hormones on MCF-7 cells

MCF-7 cells are well-differentiated, ER-positive breast cancer cells. In
this cell line, clomiphene citrate, progesterone or 0.5 and 10 mIU/ml
hCG did not affect cell proliferation compared with untreated cells,
though a trend toward increased proliferation was observed with
30 nM E; treatment and trend toward decreased proliferation was
seen with low and moderate doses of hCG (Fig. 2A). For MCF-7
cells, escalating doses of E;, resulted in a significant incremental in-
crease in cell proliferation for 20, 30, 60 and 100 nM when compared
with untreated cells (Fig. 3A). The only significant decrease in cell pro-
liferation compared with untreated cells occurred in MCF-7 cells
treated with 100 mIU/ml hCG. In the 3D culture, a significant increase
in colony size on study day 10 was seen in MCF-7 cells treated with E,
and a significant decrease was seen in cells treated with progesterone,
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Figure 2 Effects of clomiphene citrate and pregnancy hormones on
MCF-7 cells. (A) MTS assay performed in 2D culture for MCF-7 cells;
absorbance indicates number of viable cells at each time point as a
measure of cell proliferation. Significant differences between treated
and untreated values on Day 10 were determined by two-sided Stu-
dent’s t-test: estrogen, P = 0.23; clomiphene citrate, P = 0.57; pro-
gesterone, P=10.99; 0.5 mlU/ml hCG, P=0.34; 10 mlU/ml hCG,
P =0.06; 100 mlU/ml hCG, P= 0.0l. (B) Ratio of total area of col-
onies for treated versus untreated control cell 3D cultures on Day 4
and Day 10. Day 10 P-values are as follows: estrogen, P = 0.04;
clomiphene citrate, P = 0.82; progesterone, P=0.01; 0.5 mlU/ml
hCG, P=0.35 10 mlU/ml hCG, P < 0.0001; 100 mlU/ml hCG,
P < 0.0001. Asterisks indicate a significant difference between
treated and untreated cells at each time point. All values are
mean + SEM for n = 3 experiments.
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Figure 3 Effects of escalating doses of estrogen on MCF-7 cells.
(A) MTS assay performed in 2D culture for MCF-7 cells; absorbance
indicates number of viable cells at each time point as a measure of cell
proliferation. Significant differences between treated and untreated
values on Day |0 were determined by two-sided Student’s t-test:
I0nM, P=0.21; 20nM, P=0.002; 30nM, P=0.001; 60nM,
P=10.0001; 100 nM, P=0.0002. (B) Ratio of total area of colonies
for treated versus untreated control cell 3D cultures on Day 4 and
Day 10. Day 10 P-values are as follows: 10 nM, P < 0.0001; 20 nM,
P < 0.0001; 30 nM, P < 0.0001. Asterisks indicate a significant differ-
ence between treated and untreated cells at each time point. All
values are mean + SEM for n = 3 experiments.

10 or 100 mIU/ml hCG (Fig. 2B). Additionally, for MCF-7 cells, escal-
ating doses (10, 20 and 30 nM) of E; also resulted in a statistically sig-
nificant incremental increase in colony size on study day 10 (Fig. 3B).

Effects of infertility agents and pregnancy
hormones on HCC 1937 cells

HCC 1937 cells are ER-negative and have a BRCA| mutation. For
these cells, there was a significant decrease in cell proliferation
observed after treatment with clomiphene citrate or progesterone
(Fig. 4A). Increasing doses of hCG also resulted in significantly
decreased HCC 1937 cell proliferation: 0.5, 10 and 100 mlU/ml
hCG (Fig. 4A). In 3D culture, a significant decrease in colony size
on study day |0 was seen in cells treated with clomiphene citrate
or 100 mlU/ml hCG (Fig. 4B).

Discussion

Increasingly, women are delaying childbearing to an age that coincides
with an increased risk of developing breast cancer. A significant per-
centage of these women will undergo treatment for infertility, and
the impact of hormonally based fertility treatments on the develop-
ment of breast cancer is a concern. Additionally, female cancer
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Figure 4 Effects of clomiphene citrate and pregnancy hormones on
HCC-1937 cells. (A) MTS assay performed in 2D culture for
HCC-1937 cells; absorbance indicates number of viable cells at
each time point as a measure of cell proliferation. Significant differ-
ences between treated and untreated values on Day 10 were deter-
mined by two-sided Student’s t-test: estrogen, P = 0.80; clomiphene
citrate, P=0.003; progesterone, P=0.008; 0.5 mlU/ml hCG,
P=0.009; 10mlU/ml hCG, P=0.002; [00mlU/ml hCG,
P < 0.0001. (B) Ratio of total area for colonies in treated versus un-
treated control cell 3D cultures on Day 4 and Day 10. Day 10
P-values are as follows: estrogen, P=0.70; clomiphene citrate,
P=10.03; progesterone, P=0.06; 0.5mlU/ml hCG, P=0.59;
10 mIU/ml hCG, P=0.41; 100 mlU/ml hCG, P = 0.002. Asterisks
indicate a significant difference between treated and untreated cells
at each time point. All values are mean + SEM for n = 3 experiments.

survivors who experience a fertility threat through exposure to
chemotherapy and/or radiation may choose to use assisted reproduc-
tion technologies to help conceive a child (Jeruss and Woodruff,
2009). For young breast cancer survivors, it is important to consider
both the baseline risk of recurrence as well as the potential added
risk for recurrence that may be associated with hormonally based in-
fertility treatments. Given these clinical scenarios, we examined the
effects of infertility treatments on both normal breast cell and breast
cancer cell proliferation in vitro. Overall, our data largely support the
minimal direct effect of infertility agents on normal and cancerous
breast cell proliferation. Specifically, for MCF-10A cells there was no
hyperproliferative effect demonstrated under any treatment condition.
For the ER+ MCF-7 cells, there was a dose-dependent increase in cell
proliferation and colony growth found when the cells were exposed to
E,, though no other direct proliferative effect was shown as a result of
the other study treatments. Interestingly, for the ER-, BRCA [-mutated
HCC 1937 cells, treatment with clomiphene citrate or progesterone
caused a decrease in cell proliferation. Importantly, exposure to
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hCG had a highly significant direct effect on decreasing cell prolifer-
ation, regardless of cell type or hormone receptor status. Thus,
given the mitogenic impact of E; exposure on ER+ cells, these findings
highlight the possible protective importance of hCG exposure attained
through successful pregnancy after treatment for infertility.
Additionally, this work further validates previous studies suggesting a
potential protective effect of pregnancy on reducing breast cancer
risk (Blakely et al., 2004; Russo et al., 2006).

Clomiphene citrate is a non-steroidal, selective ER modulator with
both agonistic and antagonistic activity; it is widely used for ovulation
induction in women with anovulatory causes of infertility (Klip et al.,
2000). Several studies have pointed toward an association between
clomiphene citrate exposure and breast cancer risk, and while a
recent meta-analysis did not confirm this finding, this result was ham-
pered by the lack of long-term follow-up for the majority of available
studies used to power the analysis (Zreik et al., 2010). Clomiphene
citrate binds ER at multiple locations in the body. As an estrogen an-
tagonist at the level of the hypothalamus, clomiphene citrate interrupts
ER recycling and thus decreases the number of active ERs, reduces
negative feedback by estrogen and increases gonadotrophin release
(Klip et al, 2000). As a result, the mean serum estrogen level is
increased up to 3-fold above its normal level (Klip et al., 2000).
Because estrogen is mitogenic for mammary epithelial cell proliferation
and because of the weak estrogenic transcriptional activity induced by
clomiphene citrate, it was important to question whether the use of
clomiphene citrate may secondarily cause breast cell proliferation
that could increase the risk for malignant transformation. In vitro
studies have demonstrated that several clomiphene citrate analogs
have a direct anti-proliferative activity in MCF-7 and LY2 breast
tumor cell lines; in vivo studies showed clomiphene citrate-related in-
hibition of MCF-7 breast tumor xenografts in nude mice (Baumann
et al, 1998). However, other studies have found that low doses of
clomiphene citrate exert a weakly proliferative effect on MCF-7 cells
(Han et al., 2002). Our data did not indicate a lasting direct prolifera-
tive effect of clomiphene citrate treatment in any of the cell types
examined, regardless of ER expression and actually resulted in a de-
crease in cell proliferation and colony size for the HCC 1937 cells.
The direct anti-proliferative effects of clomiphene citrate on
ER-negative, BRCA |-mutated HCC 1937 cells are compelling.
Clearly the impact of clomiphene citrate on breast cancer risk is
complex and requires further investigation in the context of forthcom-
ing in vivo studies, where the indirect effects of clomiphene citrate
through estrogen exposure will also be addressed.

hCG is typically injected toward the end of the follicular phase in
order to induce ovulation (Filicori et al., 2002). Subsequently, during
a successful pregnancy, endogenous hCG levels rise rapidly in the
first trimester to support the corpus luteum (Rao et al., 2004). To
better understand the impact of hCG exposure, we studied the
direct effects of hCG on normal and cancerous breast eptihelial cells
at doses that reflected normal serum levels during early pregnancy.
We observed that treatment with the highest concentration of hCG
(100 mIU/ml) decreased both proliferation and colony growth of
normal and ER+ and ER-breast cancer cells. These findings are con-
sistent with previous work demonstrating that MCF-7 breast cancer
cells contain high levels of hCG/LH receptors, which are responsive
to hCG (Lojun et al, 1997). Indeed, hCG has been shown to
prevent tumor formation induced by E, in non-cancerous MCF-10F

cells, while increasing terminal branching and differentiation of the
cells (Kocdor et al., 2009). These observations, in addition to the
rapid rise in hCG levels—from 50 mlU/ml to over 200 000 mlU/
ml—during pregnancy, led to the hypothesis that if a healthy preg-
nancy could be achieved and breast epithelium could be exposed to
hCG in a normal pattern, the deleterious estrogen-related effects
associated with ovulation-inducing agents might be mitigated.

The ER is normally expressed at low levels in breast epithelial cells;
levels of the receptor increase during the transformation to some pre-
malignant lesions and can increase even further with progression to
carcinoma (Shoker et al., 1999). It has been suggested that in the
normal breast, a small population of ER-positive cells may act as
stem cells that self-renew and differentiate into other cell types and
that pathological proliferation of these cells leads to overexpression
of ER in the majority of breast cancers (Clarke et al., 2005). The
link between estrogen exposure and malignant transformation of
mammary cells is partially explained by ultimate activation of c-myc,
cyclin DI and cyclin E proto-oncogenes in response to estrogen and
other cytokines and growth factors (Butt et al., 2008). These genes
regulate the Gl-to-S phase transition during cell-cycle progression,
thus estrogens may accelerate cell-cycle progression and mitosis
(Butt et al., 2008). Progesterone, which is administered as part of
IVF treatment, and is selectively used for the prevention of early mis-
carriage, has effects on the cell cycle and carcinogenic transformation
that are less well defined (Dodd et al., 2008). Progesterone has been
shown to increase the invasive potential of breast cancer cells, partly
mediated by the up-regulation of tissue factor (Kato et al., 2005).
Progesterone has also been implicated in cell-cycle progression and
pro-survival signaling of epithelial cells through direct transcription
and activation of mitogen-activated protein kinase signaling pathways
(Dressing et al., 2009). Furthermore, it has been suggested that pro-
gesterone may reactivate occult mammary cancer stem cells, which
will lead to cancerous lesions in the combined presence of estrogen
(Horwitz and Sartorius, 2008). We hypothesized that the direct
effects of fertility treatments would have a minimal effect on breast
epithelial cell proliferation but that indirect effects, mediated by
increased estrogen and/or progesterone, would stimulate growth in
hormone receptor-positive cells. As a result, patients with multiple or
prolonged exposures to these agents would be at elevated risk for
breast tumorigenesis. In fact, we showed that E, had no effect on
either normal breast epithelial cells (MCF-10A) or ER-breast cancer
cells (HCC 1937) but escalating doses of E, did correlate to increased
cell proliferation and colony growth of ER+ breast cancer cells (MCF-7).
Conversely, progesterone decreased both proliferation and colony
growth of normal cells (MCF-10A), had an inhibitory effect on colony
size of ER+ breast cancer (MCF-7) cells and decreased proliferation
of ER-breast cancer cells (HCC 1937). Discrepancies in the magnitude
between proliferation and colony growth responses may be related to
the behavior of each cell line in the 2D and 3D Matrigel culture condi-
tions. Overall, while data on the role of progesterone in breast cancer
remains controversial, our data confirm that E, stimulates growth of
ER+ breast cancer cells in a dose-dependent fashion, and lend
support to concems regarding an indirect effect of elevated estrogen,
secondary to infertility treatment in women at risk for breast cancer.

An interaction between infertility treatment regimen and cause for
infertility has also been shown for patients with non-ovulatory infertil-
ity who were exposed to higher doses of clomiphene citrate (Orgeas
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et al., 2009). For young breast cancer survivors, one study of women
aged 35 years and younger suggested a decrease in disease recurrence
after a successful pregnancy, when compared with women who did
not have a post-treatment pregnancy (Blakely et al., 2004). This
decreased recurrence rate could be attributed to the growth inhibitory
effects associated with the hCG exposure of pregnancy. Ultimately,
however, the association between recurrence risk and pregnancy is
difficult to ascertain owing to the lack of prospective trials to
examine this question. These data point toward the complex interplay
of several factors that contribute to the difficulty of assessing the
impact of infertility treatment on risk for breast cancer development.

Although this work is preclinical and limited in scope, the data
provide evidence that there are minimal direct effects of infertility
treatment on breast cell proliferation. Simultaneously, it may be advis-
able for patients at higher risk for breast cancer, such as those with a
history of breast cancer or atypical ER+ lesions, to limit infertility
treatment course and minimize exposure to supraphysiologic estrogen
levels. This conclusion has been substantiated by the finding that
women treated with ovulation-inducing agents for >12 months
before conceiving had a 2-fold increased risk of breast cancer when
compared with women treated for <12 months (Calderon-Margalit
et al., 2009). Furthermore, the safety of alternative fertility treatment
regimens that result in lower estrogen levels are actively being studied
in breast cancer patients (Azim et al., 2007, 2008). Lastly, our data
further confirm findings that hCG has an anti-proliferative effect on
normal and malignant breast cells and supports the potential protect-
ive effect of successful pregnancy on offsetting breast cancer risk.
Future work will focus on in vivo effects of fertility treatments on
breast cell transformation and breast cancer progression.
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