Breast Cancer Research and Treatment (2019) 174:401-412
https://doi.org/10.1007/510549-018-05087-7

PRECLINICAL STUDY

@ CrossMark

The estrogen receptor-alpha S118P variant does not affect breast
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Abstract

Purpose Estrogen receptor-alpha (ER) is a therapeutic target of ER-positive (ER+) breast cancers. Although ER signaling
is complex, many mediators of this pathway have been identified. Specifically, phosphorylation of ER at serine 118 affects
responses to estrogen and therapeutic ligands and has been correlated with clinical outcomes in ER+ breast cancer patients.
We hypothesized that a newly described germline variant (S118P) at this residue would drive cellular changes consistent
with breast cancer development and/or hormone resistance.

Methods Isogenic human breast epithelial cell line models harboring ER S118P were developed via genome editing and
characterized to determine the functional effects of this variant. We also examined the frequency of ER S118P in a case—
control study (N=536) of women with and without breast cancer with a familial risk.

Results In heterozygous knock-in models, the S118P variant demonstrated no significant change in proliferation, migra-
tion, MAP Kinase pathway signaling, or response to the endocrine therapies tamoxifen and fulvestrant. Further, there was
no difference in the prevalence of S118P between women with and without cancer relative to population registry databases.
Conclusions This study suggests that the ER S118P variant does not affect risk for breast cancer or hormone therapy resist-
ance. Germline screening and modification of treatments for patients harboring this variant are likely not warranted.

Keywords Breast cancer - ESR1 - Endocrine resistance

Introduction

In the United States of America, breast cancer is the most
commonly diagnosed cancer among women with over
250,000 new cases diagnosed each year, and is the second
leading cause of cancer death. Approximately 70% of these
cancers express the estrogen receptor-alpha protein (ER)
and are dependent on ER signaling for tumor growth and
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maintenance. ER is a steroid hormone receptor which, upon
binding to estrogen, dimerizes to become an activated tran-
scription factor. Activated ER can affect the expression of
many downstream target genes and influence various aspects
of the cell’s behavior, including proliferation. Additionally,
ER participates in crosstalk with several other major signal-
ing pathways in the cell, such as the MAP Kinase and PI3
Kinase pathways [1, 2]. A number of coactivators and core-
pressors can complex with ER to change its cellular loca-
tion, responsiveness to ligand, and transcriptional activity
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[3, 4]. ER harbors a number of phosphorylation sites which
are mediators of pathway interactions and transcriptional
activities [5].

Due to ER’s functional role in the majority of breast
cancers, research has led to targeted therapies against the
estrogen signaling pathway. These therapies include selec-
tive ER modulators (SERMs, e.g., tamoxifen) and selective
ER downregulators (SERDs, e.g., fulvestrant) both of which
reduce the activity of ER in breast tissue. Aromatase inhibi-
tors (Als) constitute another class of endocrine therapies
which decrease production of estrogen in non-ovarian tissues
and thus are effective against ER+ disease in postmenopau-
sal women or premenopausal women with ovarian suppres-
sion. However, ER-targeted hormone therapies are limited
by a significant rate of drug resistance, both de novo and
acquired [6]. Due to the importance of ER-targeted thera-
pies for patient care, it is crucial to identify patients whose
disease may be resistant to this class of drugs. While various
studies have described resistance mechanisms [7], including
mutations in the ER ligand-binding domain (LBD) [8-12],
other molecular mediators of resistance are unknown.

Review of next-generation sequencing data from meta-
static patient samples from the Johns Hopkins Molecular
Tumor Board and other studies revealed several patients with
an unusual ESR] variant, rs200075329 (C/T) [13-15]. This
single-nucleotide substitution results in a non-synonymous
substitution of serine to proline at residue 118 of ER (ER
S118P), in the region of the DNA-binding and transactiva-
tion function 1 domain of the protein. In silico analysis of
the variant revealed conflicting and equivocal results, though
only the PROVEAN program identified the variant as del-
eterious [16]. Serine 118 is an important phosphorylation
site, affecting ER activity as well as recruitment of coregu-
lators to ER at estrogen response elements [4]. S118 phos-
phorylation has been well characterized and is mediated by
several kinases including MAPK, mTOR, and CDK2 [17,
18]. Therefore, in addition to the potential change in protein
structure resulting from this substitution, it also constitutes
a potential loss of crucial regulation of ER signaling. Fur-
thermore, phosphorylation at serine 118 has been shown to
correlate with tamoxifen resistance [19]. Multiple labora-
tory studies have shown profound differences in ER func-
tion upon mutation of the S118 residue to an alanine or a
glutamic acid, precluding or mimicking phosphorylation,
respectively [4, 7, 20]. Due to the importance of the S118
residue in ER function, we hypothesized that S118P may
be involved in ER+ breast cancer pathogenesis and/or drug
resistance. In this study, we created genetically modified
breast epithelial cell line models containing the S118P vari-
ant to determine the cellular phenotypes associated with this
alteration. In addition, we queried germline DNA samples
from women with a familial breast cancer risk to evaluate the
allele frequency of ER S118P in the context of breast cancer
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incidence. These data were compared to publicly available
general population data to assess enrichment of the variant
in breast cancer.

Results

Isogenic targeting and overexpression of ER S118P
in human breast epithelial cells

To study the functional consequences of ER S118P in human
breast cells, three cell line models were developed. Isogenic
knock-ins within the MCF7 and T47D human breast cancer
cell line backgrounds were developed using AAV-mediated
gene targeting. The widely used MCF7 and T47D cell lines
were each derived from metastatic breast adenocarcinomas
and express endogenous ER. The S118P variant was incor-
porated into the host genome via adeno-associated viral
gene targeting as previously described [21] producing tar-
geted cells heterozygous for ER S118P (Fig. 1a, b). These
cell lines were designated MERSP (MCF7 ER S118P) and
TERSP (T47D ER S118P) and two individually isolated
clones were derived for each cell line. We also developed
a “targeted wild-type” clone from each parental cell line,
which underwent the same viral infection and subsequent
isolation steps as the variant clones but does not carry the
variant of interest. These were designated MWT and TWT,
for MCF7 targeted wild-type and T47D targeted wild-type,
respectively.

In addition, the non-tumorigenic ER-negative breast epi-
thelial cell line, MCF10A, was used to develop an overex-
pression model of the ER S118P variant to evaluate homozy-
gous ER S118P activity (Fig. 1c). Our lab has previously
established an overexpression model of wild-type ER in the
MCF10A line, designated ERIN (ER in non-tumorigenic)
[22]. For this study, we transfected in MCF10A an isogenic
plasmid containing a copy of ER S118P cDNA to create two
mERIN (mutant ER in non-tumorigenic) cell line clones.

To confirm integration and stable expression of the
variant protein in our isogenic knock-in models, we per-
formed DNA and cDNA analysis by droplet digital PCR and
Sanger sequencing (Fig. 1d, Supp. Figure S1). All MERSP
and TERSP clones demonstrated integration of the variant
within the endogenous locus of a single allele. In the mERIN
overexpression model, we confirmed high levels of expres-
sion of the variant mRNA and protein which were compa-
rable to wild-type ER levels in the ERIN cell lines (Fig. le).

Cells expressing ER S118P do not exhibit differential
growth from parental controls

To determine any potential growth advantage of the ER
S118P variant and varying responses to estrogen, one- and



Breast Cancer Research and Treatment (2019) 174:401-412

403

S$118
A —
AF1 DBD Hinge AF2/LBD
B C
Endogenous ____ Amp R hes
allele Bkl exon 1 T7 RNA Pol
promoter
_ §118P _ S118P
argeting _| At R ) ERa cDNA
vector >HA Neo N 3HA }7 pIRESneo3
Homologous recombination
@ i 7097 bp ~ ERa cDNA
Targeted X NeoR
allele N N }7 R
@ Cre recombinase treatment polyA \
d LoxP
Targete * N NeoR — VS
allele IRES
D E
MCF7 MCF7 targeted WT
~\ 4 a
AR
oS & &
OO ¢ §E
ERo. —-— - —

Fig. 1 Generation of isogenic cell line models containing ER S118P.
a Domains of the estrogen receptor-alpha protein and location of
the serine 118 residue. AFI Activation function 1, DBD DNA-
binding domain, AF2 activation function 2, LBDligand-binding
domain. b Recombinant AAV targeting strategy for knock-in of the
variant S118P in ESRI exon 1 in the ER-expressing cell lines MCF7
and T47D. 5’HA=5' homology arm; 3'HA =3’ homology arm. ¢

two-week cell proliferation assays were carried out in the
presence and absence of estrogen. Among the MCF7 cell
line panel, both MERSP1 and MERSP2 grew similarly to
their parental and targeted wild-type counterparts, both in
the presence of 1 nM 17-beta estradiol (E2) and vehicle
control (Fig. 2a). Interestingly, within the T47D cell line
panel, the TERSP2 clone had a higher rate of proliferation
than the parental and targeted wild-type cell lines, while
the TERSP1 clone had a slower rate. Although both clones

pIRESneo3 plasmid containing mutated ER cDNA transcript for
stable expression of variant ER in the non-ER-expressing cell line
MCF10A. d Sanger sequencing of complementary DNA from the
entire panel of cell lines confirms expected heterozygous single base-
pair change in exon 1 of ESRI. e Immunoblot analysis of exogenous
ER expression for the MCF10A cell panel

respond to 1 nM E2, the difference in their baseline growth
rates was notable even in the presence of E2 (Fig. 2b). This
discrepancy in growth rates may be due to clonal variations
among the T47D parental cell line population.

In the MCF10A cell line panel, overexpression of mutated
ER (mERIN) clones grew similarly to the wild-type counter-
part (ERIN7) in the absence of estrogen but showed a muted
response to E2 when compared to WT (Fig. 2¢). Based on
the observed proliferation rate across all cell line panels, ER
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Fig.2 Proliferation of ER S118P cell lines is variable. a MCF7- and
b T47D-derived cell lines were seeded in 12-well plates in media
supplemented with 5% serum (left) or 5% serum plus 1 nM estradiol
(right). ¢ MCF10A-derived cell lines were seeded in 12-well plates in

S118P does not confer a measurable change in cell prolif-
eration at baseline, and its presence as a single copy in our
heterozygous models does not alter the response to estrogen.
However, in the absence of wild-type ER as seen in our
overexpression model, cells do not respond as strongly to
estrogen indicating that the variant ER protein may not be
as highly activated by its traditional ligand.
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media supplemented with 5% serum (left) and 5% serum plus 100 nM
estradiol (right). Data are shown as mean+SD of three replicates,
and curves are representative of three independent experiments

The ER signaling pathway is intact in ER
S$118P-expressing cells

In light of ER’s classical role as a transcription factor and
the phosphorylation of S118 as a dynamic effector of ER
transcriptional regulation, we wanted to assess E2-induced
expression of ER-regulated genes. Using a panel of 90
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genes in the ER signaling pathway, we found that overall
expression patterns with vehicle or 10 nM E2 treatment
were relatively consistent between MCF7 and MERSP1
cells with small or negligible fold changes between cells
(Fig. 3a). This suggests there is no significant change in the
ER-related gene expression patterns between the two cell
lines and that the networks of ER transcriptional regulation
are widely unaffected by the presence of the heterozygous
ER S118P variant.

ER signaling is known to interact with the MAP kinase
signaling pathway and is crucial to the overall behavior of
ER-positive breast cells. Western blot analysis of phospho-
rylated Erk (p-Erk) activation was used to determine changes
in the MAP kinase pathway in our isogenic cell lines. P-Erk

A

levels were relatively consistent across all cell lines after E2
exposure suggesting no significant changes within the MAP
kinase pathway (Fig. 3b).

Cells expressing ER S118P remain sensitive
to hormonal therapies and retain cancerous
phenotypes similar to wild-type ER cells

Given the importance of ER targeting in clinical breast
oncology, we sought to determine whether our models
would respond to hormone therapies commonly used in
patients with ER+ disease, such as tamoxifen and fulves-
trant. Tamoxifen and fulvestrant both interact directly with
ER to reduce estrogen signaling in breast cancer cells, and
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Fig.3 The S118P variant does not affect transcriptional regula-
tion or downstream expression. a Gene expression analysis of genes
regulated by ERa in MCF WT and MCF S118P cells as described in
Methods. Fold change in gene expression between MCF7 S118P and
MCF WT cells is plotted in the Y axis. Red lines indicate a change in

expression >2. b Immunoblot analysis of modified S118P panels as
indicated. Cells were exposed to vehicle or stated E2 concentration
for 24 h and then lysed and analyzed by immunoblot analysis using
antibodies listed in “Materials and methods”
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other ER mutations have been shown to mediate resistance
to these therapies [8, 10, 11]. Both the MCF7 and T47D ER
S118P knock-in panels displayed dose-dependent responses
to tamoxifen and fulvestrant over nine days of drug treat-
ment (Fig. 4). There was no significant difference between
the S118P variant and parental or WT suggesting that ER
S118P does not interfere with ER protein—drug interaction.

Due to recent studies which suggest that ER LBD muta-
tions at Y537 and D538 can increase the metastatic potential
of cells, we were also interested in the migratory abilities of
ER S118P cells [23]. Changes in the migratory properties
of cells can be attributed to changes in metastatic potential.
In order to determine if the S118P variant demonstrated
these changes, scratch wound healing assays were carried
out on the MCF7 S118P panel. Regardless of the presence
of E2, there were no measurable differences in wound clo-
sure between cells expressing ER S118P and the wild-type
counterparts (Fig. 5a, b).

In addition to changes in metastatic potential, the LBD
ER mutations have been shown to constitutively activate ER,
leading to E2-independent growth in vitro and in vivo [8,
10, 11]. Accordingly, we assessed the ability of the S118P
variant cells to form tumors in vivo. Parental MCF7 and
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Fig.4 ER S118P cells remain sensitive to tamoxifen and fulvestrant.
MCF7 cells and all targeted cell line derivatives were treated with
1 nM E2 and indicated concentrations of fulvestrant (a) or tamoxifen
(b) over nine days. T47D cells and all targeted cell line derivatives
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MERSPI1 cells were injected into the mammary fat pad of
athymic nude mice and tumor growth was monitored over
seven weeks. As expected, MCF7 cells were only able to
form tumors with exogenous estrogen supplementation. Sim-
ilarly, MERSP1 cells were non-tumorigenic in the absence
of estrogen but formed large, rapidly progressing tumors in
the presence of estrogen (Fig. 5c). The size and growth rate
of resulting tumors were similar between the parental and
variant cell lines. T47D and MCF-10A cell lines were not
assessed due to their inability to grow in athymic nude mice.

The ER S118P allele frequency is comparable
between the general population and families
at high risk for breast cancer

The ER S118P variant was first noted due to the rise in com-
mercial NGS assays that did not employ germline filtering.
Although it was assumed that this variant may be somatic,
further analysis determined that ER S118P was a germline
variant in at least one patient. During the course of our study,
the variant was added to the Single Nucleotide Polymor-
phism Database (dbSNP; identifier rs200075329) and iden-
tified as a variant of unknown clinical significance (NA).
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(c) or tamoxifen d over 9 days. Data are shown as mean + SD of three
replicates relative to cells treated with 1 nM E2 + vehicle, and graphs
are representative of three independent experiments
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Fig.5 ER S118P does not exhibit increased metastatic or tumorigenic
potential. a MCF7 and targeted cell line derivatives were seeded in
6-well plates with and without 1 nM E2. Once confluent, wells were
scratched with a pipet tip and monitored over 16 h for wound closure.
Percent healing of the wound by area was determined by subtract-
ing cell coverage at 0 h from cell coverage at 16 h. b Representative
images of scratch wound healing. Data are representative of four

To determine the frequency of this variant in a population
of women with familial breast cancer risk, analysis of the
S118P was performed on germline DNA samples. To avoid
confounding statistical analysis, all samples containing ger-
mline BRCAI and BRCA?2 variants, including pathogenic and
variants of unknown significance (VUS), were excluded. We
hypothesized that ER S118P may be associated with either
a higher or lower breast cancer incidence, due to potential
changes and dysregulation in the ER signaling pathways.

independent experiments. ¢ MCF7 and MERSP1 xenograft forma-
tion is estrogen-dependent. MCF7 and MERSP1 cells were injected
into nude mice with and without estrogen supplementation implants
and mice were monitored for 45 days. Both cell lines formed tumors
only in the presence of estrogen. Data are shown as mean+ SD of five
mice per group

The minor allele frequency of rs200075329, correspond-
ing to ER S118P, varies from 0.0016 to 0.0098 in the general
population according to various exome sequencing studies
(Table 1, Supplemental Table 1). In a cohort of 536 indi-
viduals with a family history of breast cancer (Breast and
Ovarian Surveillance Service (BOSS) cohort), consisting
of 268 breast cancer patients and 268 age-matched controls
(Supplemental Table 2), we identified four heterozygous car-
riers of the ER S118P variant (Table 2). In our cohort, the
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Table 1 ER S118P variant
allele frequency in the general
population

Source

Exome aggregation consortium (ExAC) 312

Exome variant server (GO-ESP)

Atherosclerosis risk in communities

TOPMed
1000 genomes

Variant  Total allele count Allele frequency Notes
allele
count
31,964 0.0098 2 Homozygotes
31 12,278 0.0025 0 Homozygotes
44 15,726 0.0028
78 0.0027
8 0.0016

Publicly available datasets establish a minor allele frequency for this variant ranging from 0.0016 to 0.0098

Table 2 Breast and ovarian Variable

ER 5118 WT (N=532)  ER5118P (N=4)

surveillance service (BOSS) ER

S118P carrier characteristics Breast cancer survivor (%)

Age at baseline, years, mean (SD)

Postmenopausal (%)

Age at menopause, years, mean (SD)

BMI, kg/mz, mean (SD)

Physical activity, MET-h/week, mean (SD)*
Alcohol intake, grams/day, mean (SD)

Smoking status (%)
Never
Former
Current
Missing

50.0 50.0

50.3 (11.2) 52.2 (13.0)
52.3 75.0

49.2 (5.8) 52.3(9.1)
26.6 (6.1) 26.0 (4.9)
27.1 (31.1) 19.3 (22.8)
6.3 (10.1) 4.13.9)
57.1 0

37.8 100.0

4.5 0

<1 0

S118P carrier characteristics within a cohort of individuals with a family history of breast cancer

*Metabolic equivalents from recreational and occupational activity

minor allele frequency of this variant was 0.004. Based on
these data, the frequency of the variant was also not different
in breast cancer patients and age-matched controls.

Discussion

The importance of phosphorylation at the serine 118 residue
of ER in cellular dynamics and hormone response has been
described in numerous studies [5]. ER is involved in com-
plex transcriptional networks and S118 phosphorylation has
effects on the binding of coregulatory partners, activation
time course, and response to ligand binding [5]. Phospho-
rylation of the S118 residue has also been shown to affect
levels of ER in the cell via changes in degradation dynamics
as well as binding to the ESRI promoter [24].

Previous studies demonstrated cells expressing an ala-
nine at residue 118 (S118A) of ER displayed significant
changes in transcriptional regulation activities, estrogen-
induced growth stimulation, and response to tamoxifen
[4, 7, 25]. Disruption of ER phosphorylation at both the
S118 and S167 site has also been shown to confer marked
phenotypic changes in a breast cancer cell model [26]. To
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our knowledge, ER S118 mutants have only been studied
in overexpression constructs and do not accurately repre-
sent variants observed in tumors. Through genome editing,
mutations can be expressed under the endogenous promotor
and have the capacity to interact with wild-type ER protein
present on the remaining unaltered allele, as it occurs in
the germline. We hypothesized that heterozygous knock-
in of a naturally occurring ER variant, ER S118P, would
affect ER signaling and therefore response to ER ligands
and possibly risk of breast cancer occurrence. However, the
present studies have shown that a single copy of ER S118P
in several different human breast cancer and non-cancer-
ous cell line models is not sufficient to alter proliferation,
migration, or sensitivity to endocrine therapies in vitro. In
addition, we did not see significant changes in expression of
ER-regulated genes or activation of key signaling pathways,
all of which are known to be affected by ER S118 phospho-
rylation dynamics. Although a slight upregulation of Erk
phosphorylation in response to E2 was observed, it was not
specific to the heterozygous ER S118P cells and did not lead
to a detectable cellular phenotype [27]. Finally, these cells
behave similarly in vivo to their wild-type counterparts as
estrogen-dependent xenografts in athymic nude mice.
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We did not find any evidence that this ER variant contrib-
utes to a significant cellular or molecular phenotype in breast
cancer cells according to the heterozygous models we have
characterized. We hypothesize that the remaining wild-type
ER protein in heterozygous models is sufficient to carry out
normal estrogen signaling in the cell. Although significant
crystallographic studies would be required to determine how
often mutant ER is binding with WT, we hypothesize that
occurrence of these heterodimers is not sufficient to mitigate
or ablate ER activity. Furthermore, if the protein structure
is not significantly altered by this variant, phosphorylation
of only one subunit may be sufficient for normal transcrip-
tional regulation. Therefore, we speculate that the majority
of ER dimers function normally without obvious phenotypic
changes.

Finally, we have analyzed a population of individuals
with familial risk of breast cancer. We hypothesized that this
variant may be involved in cellular signaling changes asso-
ciated with the development of breast cancer and may have
a higher prevalence than the general population in women
with a familial risk. However, the variant was present at a
minor allele frequency of 0.004, consistent with the range
of minor allele frequencies identified in the general popula-
tion. This result suggests that ER S118P is unlikely to be a
common modifier of breast cancer development.

Despite negative results, our study provides important
functional information about a germline variant identified in
breast cancer patients. Germline variants have led to confu-
sion and uncertainty regarding how to best manage patients
who are prescribed endocrine therapies, notably CYP2D6
variants that were thought to be poor metabolizers of tamox-
ifen [28]. Our current study strongly suggests that the S118P
variant, despite the importance of this amino acid in wild-
type ER signaling, is not increased in women with a familial
risk and may not be associated with breast cancer incidence
nor therapeutic response to ER-targeted therapies in pre-
clinical models. As such, we would advocate that screening
for S118P is not warranted and should not be further pursued
as a predictive or prognostic marker.

Materials and methods
Cell culture

MCF7, T47D, and MCFI10A parental cell lines were
obtained from ATCC and verified via short tandem repeat
profiling by the Johns Hopkins Genetic Resource Core Facil-
ity. All cells were grown in 5% CO, at 37 °C. MCF7 and
T47D lines and their derivatives were maintained in DMEM
containing 5% fetal bovine serum and 1% penicillin/strep-
tomycin. The MCF10A line and its derivatives were main-
tained in DMEM:F12 containing 5% horse serum, 1% pen/

strep, epidermal growth factor at 20 ng/ml, insulin at 10 pg/
ml, hydrocortisone at 0.5 pg/ml, and cholera toxin at 0.1 pg/
ml. For assays, cells were arrested in clear DMEM:F12 with
1% charcoal dextran-treated fetal bovine serum and 1% pen/
strep and assayed in clear DMEM:F12 with 10% charcoal
dextran-treated fetal bovine serum and 1% pen/strep (all
MCF10A media contained insulin, cholera toxin, and hydro-
cortisone at the concentrations stated above, but EGF was
omitted in arrest and assay formulations).

Gene targeting

MCF7 and T47D parental cell lines were genetically altered
using a recombinant AAV vector containing the T > C single
base-pair substitution in ESR/ exon 1 resulting in ER S118P.
Cells were targeted, screened, and validated as previously
described [27]. Two independently derived clones contain-
ing the variant and one targeted wild-type clone were iso-
lated from each parental cell line and confirmed via gDNA
and cDNA analysis by Sanger sequencing and droplet digital
PCR. Targeted cells were maintained in DMEM media as
described above.

Overexpression

MCFI10A cells were transfected using Fugene 6 (Promega)
with the pIRESneo3 vector containing a copy of ER cDNA
modified with the S118P variant. Cells with stable expres-
sion of the neomycin resistance gene were selected with
Geneticin (Life Technologies) at 120 pg/ml. Two indepen-
dently derived clones were validated for stable expression
of ER S118P via cDNA ddPCR. Proper expression was con-
firmed via immunoblotting for the presence of total ER but
absence of phosphorylated ER S118. ERIN cell lines were
previously established in the lab to overexpress wild-type
ER from the same parent vector and were used as the wild-
type control for these cells [22]. ERIN and mERIN lines
were maintained in DMEM:F12 media as stated above with
the addition of Geneticin at 120 ug/ml.

Cell proliferation and drug response assays

17-Beta estradiol (E2), 4-hydroxytamoxifen (tamoxifen), and
fulvestrant were obtained from Sigma-Aldrich and diluted
according to manufacturer’s recommendations. Cells were
seeded at low confluency (3000 MCF7 cells/well, 50,000
MCF10A cells/well, 60,000 T47D cells/well) in 12-well cell
culture plates in arrest media for 24 h. Cells were visual-
ized on day 0 and estrogen/drug/vehicle were added, at the
stated concentrations, to assay media. Media containing the
indicated additives was replaced every 3 days. Cells were
trypsinized, uniformly resuspended, and counted using the

@ Springer



410

Breast Cancer Research and Treatment (2019) 174:401-412

Vi-Cell XR (Beckman Coulter) on indicated days. All results
are an average of cell counts from triplicate wells.

Scratch assays

Cells were seeded at 50% confluency in 6-well cell culture
plates in assay media. Once cells reached 90% confluency,
assay media containing 1 nM 17-beta estradiol (E2) or vehi-
cle was added to indicated plates. After 8 h, a 200-uL pipet
tip was used to created two perpendicular scratches in the
lawn of cells; cells were then rinsed twice with clear HBSS
to remove floating cell debris and previously indicated media
was replaced. Two visual fields per well were imaged at
time 0 and 16 h. Images were then analyzed in ImageJ using
the MiToBo plugin for percent of field containing cells, and
timepoints were compared to determine migration of cells
into scratched area.

Immunoblotting

Cells were seeded in arrest media for 24 h followed by indi-
cated treatment. Cells were collected and protein lysates
were prepared using Laemmli buffer. Lysates were analyzed
by immunoblot as described previously [21]. Primary anti-
bodies included: phospho-ERa S118 (Cell Signaling 2511),
ERa (Cell Signaling 8644), phospho-Erk (Cell Signaling
4370), Erk (Cell Signaling 9102), GAPDH (Cell Signaling
5174).

Quantitative PCR

Cells were seeded in arrest media for 24 h, followed by 10%
CD assay media for 24 h. Cells were exposed to 17-beta
estradiol at 1 nM for 45 min and then processed for RNA
and cDNA. PrimePCR pathway plates for estrogen recep-
tor signaling (Bio-Rad) with SsoAdvanced Universal Sybr
Green Supermix (Bio-Rad) were used to process and analyze
the samples according to the Bio-Rad protocol.

Xenografts

1 x 10° Cells MCF7 cells suspended in 200 uL of Geltrex
LDEV-Free Reduced Growth Factor Basement Membrane
Matrix (Life Technologies) were injected subcutaneously
into the mammary fat pad of 8- to 10-week-old female
athymic nude mice (Harlan Laboratories) with and with-
out slow-release estrogen implants as previously described
[21]. Tumor volumes were calculated as a pseudosphere
from length, width, and height measurements. All animal
experiments were performed in accordance with institutional
guidelines and The National Institutes of Health Guide for
the Care and Use of Laboratory Animals guidelines.
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Statistics

Statistical analyses were performed using GraphPad Prism
6 software. Significance levels are indicated by an asterisk:
*P <0.05. Error bars represent + SD. Relative proliferation
rates were analyzed by two-way ANOVA.

Cohort genotyping

Genomic DNA was extracted from lymphocytes collected
from participants enrolled in the BOSS Cohort at Johns
Hopkins for which Kala Visvanathan is the PI. Samples
were analyzed via droplet digital PCR on the QX200
platform (Bio-Rad) per the manufacturer’s protocol for
probe-based ddPCR. Primers and probes used were as
follows: forward primer (5'-CACTCAACAGCGTGTCT-
3", reverse primer (5'-CTCGTTCTCCAGGTAGTAG-3"),
wild-type probe (5'-AGCTGTCGCCTTTCCTGCAG-3'),
variant probe (5'-AGCTGCCGCCTTTCCTGCAG-3").
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