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Abstract
OBJECTIVE—To examine the impact of hormones used for controlled ovarian hyperstimulation
(COH) on normal and malignant breast cell growth and proliferation.

DESIGN—In vitro study of cultured normal and malignant breast cell lines.

SETTING—Academic medical center

INTERVENTIONS—Normal and malignant breast cell lines were cultured in two- (2D) and
three-dimensional (3D) systems and treated with follicle-stimulating hormone (FSH), luteinizing
hormone (LH), or FSH with LH or human chorionic gonadotropin (hCG).

MAIN OUTCOME MEASURES—Effects of treatment on cell proliferation in 2D culture using
the MTS assay and on colony growth in 3D culture.

RESULTS—Compared with untreated cells, normal MCF-10A cells showed a decrease in
proliferation and colony size when exposed to a combination of FSH and hCG. HCC 1937 cells
treated with FSH and LH also showed a decrease in colony growth but no change in proliferation.
None of the treatments had an effect on the proliferation or colony size of the MCF-7 cells.

CONCLUSION—FSH, LH, and hCG do not appear to cause an increase in cell proliferation or
colony growth in either normal or malignant mammary epithelial cell lines. The potential risk for
mammary cell transformation associated with these agents may be related to indirect endocrine
effects on breast cell physiology.
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Introduction
Reflecting their evolving roles in modern society, more women are delaying childbearing.
As a woman ages her fertility rate declines. In the United States, 20% of women will have
their first child after age 35, with one third of these women having issues with infertility
(1,2). Simultaneously, the risk for developing breast cancer increases with age. There are
approximately 200,000 new cases of breast cancer diagnosed in the U.S. annually, and over
18,000 women are diagnosed under the age of 45 (3). Currently, infertility treatment
implementing in vitro fertilization (IVF) involves controlled ovarian hyperstimulation
(COH) in which combinations of gonadotropin hormones, follicle-stimulating hormone
(FSH), luteinizing hormone (LH), and human chorionic gonadotropin (hCG), are used to
stimulate follicle growth, steroid hormone production, oocyte maturation, and ovulation.
When results from the Women’s Health Initiative (WHI) study suggested that hormone
replacement therapy may increase the risk for breast cancer in 2002, concern was raised for
both patients and physicians regarding the use of hormone therapies, not only during
menopause, but also for oral contraception and infertility treatment (4,5). The impact of
infertility regimens on breast cancer risk is largely unknown, with some studies suggesting a
possible correlation while others have found no definitive association (6–10). In particular,
there have been reports of a trend toward increased breast cancer risk for patients with a
family history of the disease undergoing IVF treatment (11,12).

From a mechanistic standpoint, more is known about the indirect effects of COH, mediated
through estrogen, on mammary epithelium, than the direct effects of FSH, LH, and hCG.
Estradiol (E2), a known cell cycle mitogen and promoter of breast cell proliferation (13–15),
is elevated to supraphysiologic levels during COH for IVF. Previous work assessing the
effects of E2 in estrogen receptor-positive (ER+) breast cancer cells in vitro showed a
proliferative effect at treatment levels similar to those encountered during IVF cycles (16).
Furthermore, escalating doses of E2 correlated with increased ER+ breast cancer cell
proliferation. These data point toward a possible estrogen-driven association between COH,
high-risk ER+ breast lesions, and breast cancer risk in women undergoing treatment for
infertility. Regarding the direct effects of COH, there is data suggesting that β-hCG/LH
receptors are upregulated in invasive ductal tumor cells compared with non-invasive
components (8). Conversely, other data show that the expression of LH receptors is
undetectable or very low in most breast cell lines, suggesting a limited role for LH signaling
in breast tissue (17).

At this point, the independent proliferative effects of FSH and LH on breast epithelial cells
have not been thoroughly examined. Thus, the aim of this study was to examine the impact
of widely used hormones for COH—FSH, LH, and hCG—on breast cell growth and
proliferation in vitro, independent of the E2 induction present in vivo. The cells utilized for
these studies included normal immortalized MCF-10A breast cells, MCF-7 ER+ cancer
cells, and HCC 1937 breast cancer cells, which are characterized as ER− with a BRCA1
mutation, consistent with a hereditary breast cancer subtype.
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Materials and Methods
Cell lines, culture media, and hormones

MCF-10A, MCF-7, and HCC 1937 cell lines were obtained from American Type Cell
Culture (Manassas, VA). MCF-10A cells were maintained in DMEM-F12 containing 10%
horse serum, MCF-7 cells in DMEM-F12 with 2.5% FBS, and HCC 1937 cells in RPMI
containing 10% FBS. The media for all cell lines was phenol red-free and supplemented
with 1% penicillin/streptomycin (Invitrogen, Carlsbad, CA); serum used in culture media for
the MCF-10A and HCC 1937 cells was charcoal stripped to remove estrogenic compounds,
whereas reduced regular serum (2.5%) was used in culture media for the MCF-7 cell line.
The cells were maintained at 37°C in a humidified incubator containing 5% CO2. Pituitary-
derived FSH, LH, and purified hCG were obtained from Sigma (St. Louis, MO).

2D cell culture and MTS assay
Cells were seeded in 96-well plates at 5×103 cells/well for MCF-10A cells and at 3×103/well
for MCF-7 and HCC1937 cells, which grow and reach confluency more rapidly than
MCF-10A cells. Five wells were seeded for each treatment, for each time point, and the cells
were allowed to attach overnight. Cell proliferation was measured the following day (day 0)
with a MTS assay (CellTiter 96® AQueous One Solution Cell Proliferation Assay, Promega,
Madison, WI), which was then repeated on days 2, 4, 6, and 10 of culture. For each reading,
20 μl of MTS solution was added, plates were incubated for 3 hours, and absorbance read on
a Bio Rad Microplate Reader Model 680 (Hercules, CA) at 490 nm. Treatment regimens
included the following: no treatment, 40 mIU/ml FSH, 40 mIU/ml LH, FSH combined with
LH, or FSH combined with 0.5 IU/ml hCG. Cells treated with FSH and either LH or hCG
were primed with FSH on days 1, 3, and 5, treated with the combined hormones on day 7,
then treated with media on day 9. All experiments (5 wells per treatment per time point)
were repeated in triplicate.

3D Matrigel cell culture
In 96-well plates, 30 μl of growth factor-reduced phenol red-free Matrigel (BD Biosciences,
San Jose, CA) was spread evenly along the bottom of each well. Plates were then incubated
at 37° C for 30 minutes to allo w the Matrigel to solidify. Cells from each line were
trypsinized, spun down, and resuspended in media containing 2% v/v Matrigel, and then
plated at a density of 1.25×103 cells/well. This was considered day 0. Culture media was
freshly prepared and replaced every other day beginning on day 1. On days 4 and 10, an
image of each well was taken at 10x magnification using an Axiovert 200 inverted
microscope (Zeiss, Thornwood, NY). The same treatment regimens were used as described
above for the cell proliferation studies and all experiments were performed in triplicate.

Statistical analysis
For the MTS assays, proliferation was measured as absorbance at 490 nm and reported as
raw values with or without treatment at each time point. To assess 3D Matrigel colony
growth, the number of colonies was recorded and the size of each colony measured for each
well, allowing us to determine the average colony size. These values were reported as a ratio
of treated to untreated cells at each time point. The average absorbance (proliferation in 2D
culture), average ratios of colony size (growth in 3D culture) and standard errors of the
mean (SEM) were calculated using GraphPad Prism 4 software (La Jolla, CA). Comparisons
were made between treated and untreated cells at each time point using a two-sided
Student’s t-test. P-values of <0.05 were considered statistically significant.
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Results
Effects of infertility agents on breast cell proliferation

MTS assays were performed to determine the effect of treatment with hormones used for
COH on breast cell proliferation. MCF-10A cells, which approximate normal immortalized
mammary epithelium, were studied along with MCF-7 and HCC 1937 breast cancer cell
lines. MCF-7 cells are well-differentiated and ER+, whereas HCC 1937 cells are ER− and
harbor a BRCA1 gene mutation. For MCF-10A cells, the only observed treatment effect was
for cells treated with a combination of FSH and hCG, which resulted in a decrease in
proliferation (p=0.04; Figure 1A; Table 1). Compared with untreated cells, there was no
effect found for FSH or LH alone or FSH in combination with LH or hCG on proliferation
of MCF-7 or HCC 1937 cells (Figure 1B, C; Table 1).

Effects of infertility agents on breast cell growth in 3D culture
Three-dimensional matrices more closely mimic the in vivo environment, providing a
scaffold to study cellular events in the context of more physiologic cell-cell interactions. We
thus also studied the impact of infertility regimens on cell proliferation in this 3-dimensional
context. Cells were embedded in Matrigel and then treated with FSH or LH alone or FSH in
combination with LH or hCG to determine the effect of treatment on breast cell growth.
Cells in 3D culture adopt a clustered, rounded morphology, and growth was assessed by
measuring both the number and size of these colonies. For the MCF-10A cell line, treatment
with a combination of FSH and hCG led to a decrease in colony size at day 10 (p=0.005;
Figure 2A; Table 2). There was no observed effect on colony growth with any of the
treatments in MCF-7 cells, whereas treatment with combination FSH/LH resulted in a
decrease in colony size for the HCC 1937 cells (Figure 2B, 2C; Table 2).

Discussion
High levels of ovarian steroid hormones resulting from COH with FSH, LH and hCG have
been linked to breast cell proliferation and an increased risk of breast cancer development in
women undergoing infertility treatment (6,9). Burkman et al. reported that compared with
patients who had never used any infertility medication, women using human menopausal
gonadotropin (hMG) for at least 6 months or for 6 cycles had a relative risk of breast cancer
ranging between 2.7 to 3.8 (12). In a study of more than 3000 women, Pappo et al. showed
that age ≥40 and undergoing ≥4 IVF cycles were associated with an increased risk for breast
cancer (11). While compelling, these population-based studies did not investigate whether
these associations were related, in part, to the direct effects of the gonadotropins on breast
epithelium or due to indirect effects of E2 produced in the ovaries.

E2 is known to stimulate breast epithelial cell proliferation, and through interaction with
other hormones and growth factors, contributes to the activation of proto-oncogenes,
including c-myc and cyclins D1 and E (13–15). These proteins mediate the progression from
G1 to S phase in the cell cycle. Thus, increased production of estrogens during infertility
treatment may promote the malignant potential of key cell cycle regulatory proteins in
mammary epithelium (15). Our prior work showed no effect of E2 on ER− MCF-10A and
HCC 1937 cells in vitro, with doses of E2 comparable to those observed during COH cycles,
whereas an expected increase in proliferation was observed when MCF-7 ER+ cells were
treated with escalating does of estrogen (16,17). For breast cancer patients with ER+ lesions,
the proliferative effect of E2 on malignant cells is well established. Consequently, breast
cancer survivors undergoing treatment for infertility have recently been stimulated with
breast cancer therapies including selective estrogen receptor modulators, such as tamoxifen,
or aromatase inhibitors, including letrozole or anastrozole, which can have both pro- and
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anti-estrogenic effects (18). Selected use of letrozole has resulted in lower E2 levels when
compared with the conventional fertility therapy, clomiphene, and may reduce the potential
risk of fertility treatment-related breast cancer recurrence (19). It has also been shown that
stimulation with FSH/letrozole resulted in lower E2 levels when compared to FSH/
anastrozole, and therefore the FSH/letrozole strategy may be more favorable for fertility
treatment in breast cancer survivors (18). Finally, for a cohort of breast cancer patients
undergoing fertility preservation prior to chemotherapy, data showed no increased risk for
recurrence when tamoxifen or letrozole was added to an FSH-based COH regimen (18, 20).

For women undergoing treatment for infertility, the direct impact of infertility regimens on
breast cells was a concern, and data on the subject has been contradictory. Hudelist et al. has
shown that the β-HCG/LH receptor was selectively upregulated in invasive versus
noninvasive breast tumor components and hypothesized that β-HCG/LH receptor mediated
gonadotropin stimulation could contribute to mammary tumorigenesis (8). Conversely,
Kuijper et al. showed that LH receptor expression is very low in most breast tumor cell
lines, favoring an indirect ovarian-mediated role for the effect of gonadotropins on
tumorigenesis (21). Our current work similarly showed no significant increase in cell
proliferation for the 3 breast cell lines tested after exposure to FSH, LH or combinations of
FSH with LH or hCG. These preclinical results are reassuring, and represent an initial step
in exploring the potential effect of FSH, LH and hCG associated infertility regimens on
breast cancer risk, independent of E2.

Taken together, we found that exposure to FSH, LH, and hCG at doses similar to those used
for COH in IVF protocols did not result in growth-promoting effects in either normal or
malignant breast epithelial cells. The potential risk of breast cancer associated with these
agents is thus more likely related to indirect estrogen-associated events. Future work will
focus on the effect of elevated E2 levels observed during infertility treatment in high-risk
breast cancer models.
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Fig. 1. Effects of infertility agents on cell proliferation in 2D culture
(A–C) MTS assay in MCF-10A, MCF-7, and HCC 1937 cell lines; absorbance indicates
number of viable cells at each time point. Asterisks indicate a statistically significant
difference (p<0.05) between treated and untreated cells at each time point. All values are
given as means ± SEM for n=3 experiments.
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Fig. 2. Effects of infertility agents on cell colony growth in 3D culture
(A–C) Ratio of total area of colonies in treated vs. untreated control cell cultures for the
MCF-10A, MCF-7, and HCC 1937 cell lines. Asterisks indicate a statistically significant
difference (p<0.05) between treated and untreated cells at each time point. All values are
given as means ± SEM for n=3 experiments.
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