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Abstract

Androgens influence mammary gland development but the specific role of the androgen receptor (AR) in mammary function is
largely unknown. We identified cell subsets that express AR in vivo and determined the effect of AR activation and transgenic
AR inhibition on sub-populations of the normal mouse mammary epithelium by flow cytometry and immunohistochemistry.
Immunolocalisation of AR with markers of lineage identity was also performed in human breast tissues. AR activation in vivo
significantly decreased the proportion of basal cells, and caused an accumulation of cells that expressed a basal cell marker but
exhibited morphological features of luminal identity. Conversely, in AR null mice the proportion of basal mammary epithelial
cells was significantly increased. Inhibition of AR increased basal but not luminal progenitor cell activity in vitro. A small
population of AR-positive cells in a basal-to-luminal phenotype transition was also evident in human breast lobules. Collectively,
these data support a role for AR in promoting a luminal phenotype in mammary epithelial cells.
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Abbreviations

AR Androgen receptor

DHT Dihydrotestosterone

ECM Extracellular matrix

ER Estrogen receptor-alpha

FACS Fluorescence-activated cell sorting

HF Hydroxyflutamide

HS-MEC Hormone-sensing mammary epithelial cell
MEC Mammary epithelial cell

PR Progesterone receptor
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Introduction

The mammary epithelium broadly consists of a single popu-
lation of basal mammary epithelial cells (MECs) and two
populations of luminal MECs: milk producing alveolar
MEC:s that lack estrogen receptor-alpha (ER) and progester-
one receptors (PR), as well as ER- and PR-positive hormone-
sensing (HS)-MEC. The HS-MECs serve as principal con-
duits of endocrine reproductive cues, translating these into
paracrine signals for proliferation and differentiation in nearby
MECs (reviewed in [1]). Turnover of the mammary
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epithelium is thought to be undertaken by stem/bipotent pro-
genitors that can differentiate into either basal or luminal
MECs [2], as well as a population of basal- or luminal-
restricted progenitors [3, 4].

Although estrogen and progesterone drive mammary
development, androgen hormones are also found in phys-
iological concentrations in the circulation of women. The
receptor for androgens, the androgen receptor (AR), is
expressed in diverse tissues including normal breast.
Androgens have long been known to inhibit breast growth
in pubertal boys [5], and are a major contributor to the
inhibition of breast growth in pubertal girls with congen-
ital adrenal hyperplasia characterised by normal levels of
estrogens in the presence of relatively high androgen
levels [6]. Together, this has led to the idea that androgens
act to inhibit the activity of estrogen in the mammary
epithelium, specifically within the cells responding direct-
ly to estrogenic hormones, namely the HS-MEC popula-
tion. This notion is supported by findings of a high degree
of cellular co-expression for AR and ER in normal human
and primate mammary epithelium, as well as in breast
cancers (reviewed in [7, 8]), the inhibition of mammary
outgrowth by androgen treatment of pubertal mice [9], as
well as the acceleration of mammary development
through puberty in the AR-null mouse [10]. It is also well
known that breast cancers may express AR in the absence
of ER (reviewed in [7, 11]). This may reflect an unknown
action for the AR in populations outside ER-positive HS-
MECs of normal mammary epithelium.

This study aimed to determine which cells within the mam-
mary epithelium have the capacity to respond directly to an-
drogen hormones, and the consequence of AR modulation on
differentiation of MEC sub-populations. We demonstrate the
presence of high AR levels in the HS-MEC population, reveal
AR expression in basal MECs, and through molecular activa-
tion or transgenic AR inhibition, uncover a novel role for AR
in promoting luminal identity in normal MECs.

Results

AR Activation Inhibits Mammary Ductal
Side-Branching and Modifies Epithelial Content
in Adult Mice

A non-steroidal androgen currently in clinical trials for breast
cancer (GTx-024; Enobosarm®, [12]; NCT02971761,
NCT01616758, NCT02463032) was employed for in vivo
studies to avoid metabolism of androgens into estrogenic or
progestogenic ligands. Carmine-stained whole mount analysis
was used to assess mammary ductal branching (Fig. 1A).
Normal ductal side-branching was evident in vehicle-treated
mice, and mice treated with GTx-024 at low (0.1 mg/kg/day)
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and intermediate (0.5 mg/kg/day) doses. In contrast, high dose
GTx-024 (5 mg/kg/day) reduced side-branching by approxi-
mately 50% (quantification in Fig. 1B), a result consistent
with a previous finding in the adult mouse using the AR acti-
vator, dihydrotestosterone (DHT) [9]. At a histological level,
treatment of mice with any dose of GTx-024 did not result in
gross changes in mammary histology, though apparent reduc-
tions in cytoplasmic staining density were observed (Fig. 1C).

AR Activation Increases the Proportion of Luminal
MECs In Vivo

To determine whether AR activation alters the balance of
MEC sub-populations, mouse mammary glands from
vehicle- and GTx-024-treated mice were digested,
immunolabeled and assessed by flow cytometry. At the
highest dose of GTx-024 (5 mg/kg/day) the proportion of total
epithelial cells was reduced by 50% (example flow cytometry
plots in Fig. 2A, with quantification in Fig. 2B, p <0.001),
while the proportion of total epithelial cells was remarkably
consistent between vehicle and mice receiving low (0.1 mg/
kg/day) or intermediate (0.5 mg/kg/day) doses. The propor-
tion of luminal cells was significantly increased at both inter-
mediate and high doses (p <0.01) while no change was ob-
served at the low dose of GTx-024. No alterations in the pro-
portion of luminal sub-populations (alveolar or HS-MEC)
were observed (Supplemental Fig. S1). These findings indi-
cate that AR activation in vivo exerted two principle effects on
MECs: a reduction in total MECs at a high dose and an in-
crease in the proportion of luminal MECs at intermediate and
high doses, when assessed by flow cytometry.

To more directly assess how AR activation alters the bal-
ance of MEC sub-populations in situ, we examined the ex-
pression of MEC lineage markers by immunohistochemistry
(IHC). In vehicle-treated mice, the basal marker p63 [13, 14]
is expressed in basally orientated and positioned MECs (Fig.
2C, green boxes, arrow), while in mice treated with GTx-024
at 0.5 mg/kg, p63-expressing MECs were found in a luminal
position and possessing luminal morphology (Fig. 2C, brown
boxes, arrowheads, with quantification of basal MEC propor-
tions in C'). The proportion of p63-expressing cells in a lumi-
nal position was 0.02% £0.01% vs. 0.59% + 0.19% for vehi-
cle and 0.5 mg/kg/day GTx-024, respectively (p <0.04).
There was also a significant reduction in the relative propor-
tion of p63-expressing MECs in all treatment groups
(Fig. 2C°, p<0.002). The HS-MEC population is defined by
expression of ER (Fig. 2D), detectable in a subset of luminal
MEC:s. A significant increase in the proportion of ER-positive
cells was identified in mice treated with 5 mg/kg/day and
0.5 mg/kg/day of GTx-024 (Fig. 2D’, p <0.01). The propor-
tion of MECs expressing the luminal alveolar marker EIf5
[15] was reduced in mice treated with GTx-024 only at the
0.5 mg/kg/day dose (Fig. 2E, with quantification in E’, p <
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Fig. 1 AR activation inhibits a
mouse mammary ductal side-
branching. a) Carmine-stained

thoracic mammary whole-mounts

from mice treated for 16 weeks

with vehicle, 0.1, 0.5 or 5 mg/kg/

day GTx-024, representing the

proximal (upper panels) and distal
(lower panels) regions of the

ductal tree. Side branches indicted

by arrows (scale bar =200 pum).

b) Quantification of ductal side-
branching in A (n =5 animals/

group, mean £ s.d). ¢)

Haematoxylin and eosin-stained
mammary tissue sections, b
depicting large ducts (proximal -

upper panels) and smaller ducts

(distal - lower panels). (n=15

mice/group, scale bar =50 pm)
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0.03), and this change was modest compared with changes in
basal and HS-MEC, suggesting these latter cell types as the
principal populations modified by AR activation. These re-
sults demonstrate that activation of the AR in vivo results in
accumulation of ER+ luminal MECs with a concordant reduc-
tion in the p63-expressing basal population.

AR is Expressed in Diverse Mouse MEC Populations
and AR Ablation In Vivo Decreases the Proportion
of Luminal MECs

To determine the principle target MEC population for AR
action, immunohistological analysis of AR expression in
vehicle- or GTx-024-treated mice was performed. The AR
protein was expressed in a subset of basal and luminal
MEC:s (Fig. 3A, arrowheads (basal MECs) & arrows (luminal
MECs)) that is consistent with the potential for a direct re-
sponse to androgens in both populations. (Examples of
control staining on breast and prostate cancer tissue can be
found in Supplemental Fig. S2A & S2B, respectively).

Despite the broad expression of AR amongst MEC sub-pop-
ulations, AR-low/negative cells are apparent (Fig. 3A,
asterisks). To support these finding, FACS-sorted basal, alve-
olar and HS-MEC populations were assessed by Fluidig™ C1
to determine AR mRNA expression at a single cell level. All
populations were found to harbour cells expressing AR
mRNA, though basal and HS-MEC populations exhibited a
higher proportion of AR-expressing MECs than did the alve-
olar population (Fig. 3B). This supports the possibility that
AR directly functions in basal as well as HS-MECs. To func-
tionally determine whether AR activity can modify MEC dif-
ferentiation in vitro, FACS purified basal or luminal MECs
were embedded in (basal) or layered atop (luminal) ECM
gel and grown for 14 or 10 days, respectively, in the presence
of the endogenous non-aromatisable AR agonist, DHT, alone
or in combination with the AR antagonist, hydroxyflutamide.
Hydroxyflutamide increased basal colony forming capacity,
though this only reached near significance (Fig. 3C, with
quantification in 3C’°, p =0.052), but did not modify luminal
colony formation in the presence of DHT (Fig. 3D, with
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Fig. 2 AR activation alters the af Vehicle
balance of mouse MEC lineages.
A) Representative flow
cytometric plots of MECs from
mice treated with vehicle or GTx-
024, representing the proportion

of stromal (CD24- and CD491-

CD24

0.1mg/kg

0.5mg/kg 5mg/kg

negative) basal (CD24-low and
CDA49f-high) and luminal MECs
(CD24-high and CD49f-low). B)
Quantification of relative cellular
proportions in mice from A. The
proportion of luminal MECs
increases at GTx-024 doses of 0.5
and 5 mg/kg/day (n =35 mice/
group, mean £s.d.). C-E)

o

p<0.001 ©.0.01
h

% of Parent
Population
N B O ® 3
o O © OO

Immunohistochemical staining of a a
g & & G

mammary gland tissue sections N 4
from vehicle- and GTx-024- @é v
treated mice (0.1, 0.5 and 5 mg/
kg/day), probed for the basal C
marker p63 (C, with

quantification in C', arrows show

p63+ MECs, arrowheads show

p63+ MECs with luminal position

and morphology), luminal
hormone-sensing cell marker, ER
(arrows in D, with quantification

in D’), and luminal alveolar

marker EIf5 (arrows in E with
quantification in E’). Note

arrangement of p63-positive

MEQC in mice treated with 0.5 mg/

kg GTx-024. (n =5 mice/group,
graphed data plotted as mean + e
s.d, scale bars =50 um)

quantification in D’). Such a modest effect of in vitro treat-
ment may be explained by a loss of steroid receptor expression
and activity through in vitro culture. To determine whether
transgenic loss of AR activity could have the opposite effect
on MEC populations in vivo compared to that observed for
AR activation (Fig. 2C-D), the expression of p63 and ER was
assessed in adult mice with global inactivation of the AR [10].
A significant increase in the proportion of p63-positive basal
MEC:s (Fig. 2E, with quantification in E’) and decrease in ER-
positive luminal MECs (Fig. 2F, with quantification in F”) was
observed in AR-null mammary epithelium. Altogether these
demonstrate that in vivo modulation of AR function alters the
balance of MEC differentiation.
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AR is Expressed in a Subset of Basal Human MECs
Present in Lobules Undergoing Developmental
Transition

To assess the potential relevance of findings from the mouse to
human breast, normal breast tissues harvested from reduction
mammoplasties of pre-menopausal women were assessed for
co-expression of AR with markers of MEC lineage specifica-
tion by immunofluorescence. The highest AR-expressing
cells were detected in lobular acini that possess relatively
few MECs (Fig. 4Ai-ii, arrows versus arrowheads). In such
lobules, cellular co-expression of AR with the basal marker
p63 was observed (Fig. 4Aii, circles on magnified image in
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Fig. 3 AR is expressed in diverse mouse MEC sub-populations and
transgenic inactivation of AR alters the balance of mouse MEC line-
ages. A) Immunohistochemical staining of AR in vehicle- (green box-
es) and GTx-024-treated (brown boxes — 0.5 mg/kg, red boxes - 5 mg/
kg boxes) mouse mammary tissue sections. Expression of AR is seen
in multiple subsets of MECs (basal - arrowhead, luminal - arrows
(positive), asterisks (low/negative), scale bar =50 wm, n=35 animals/
group. B) Violin plot of AR mRNA levels in FACS-sorted single basal,
alveolar and HS-MECs (32 MECs/sub-population). C) Basal MECs
isolated by FACS and embedded within ECM matrix gel and treated
with dihydrotestosterone (DHT), or DHT in combination with the AR
antagonist, hydroxyflutamide (HF). (n =4 animals/group from 3

“iii” denoted by dashed box in “ii”). Lobules containing AR-
and p63-co-expressing MECs were rare (<1% of all MECs)
but when identified possessed multiple co-expressing cells,
suggesting developmental relevance (Fig. 4A and

experiments, quantification of basal colony number in C* with data
represented as a proportion of control (brown bar — DHT; green bar —
DHT + HF). D) Luminal MECs from untreated mice FACS-isolated
and cultured atop a layer of ECM gel and treated as in C. (n =4 ani-
mals/group, quantification of colony number in D’ with data repre-
sented as a proportion of control (brown bar — DHT, green bar —
DHT + HF). E-F) Immunostaining in AR floxed (i.e. functional AR)
and AR-null mouse mammary tissue sections, labeled for basal marker
p63 (E, with quantification in E’) and luminal marker ER (F, with
quantification in F'). n =5 mice/group, graphed data plotted as mean
+s.d, scale bar =50 um)

Supplemental Fig. S3A-B). Of note, the highest AR-
expressing MECs often existed in acini where p63-
expressing basal MECs were sparse (4A, arrows), a result
consistent with the idea that basal MECs may attain AR
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Fig. 4 AR is expressed in a subset of basal human MECs.
Immunofluorescence staining of human breast tissue sections derived from
pre-menopausal reduction mammoplasties. A) Immunolabelling for the basal
marker p63 (green), and the AR (magenta), and DAPI to detect nuclei (blue).
A small proportion of MECs co-express AR and p63 (circles in magnified
region “iii” denoted by dashed outline in “ii”). A) iv-vi - Individual channels
from magnification in “iii” highlighting DAPI (iv), p63 (v) and AR (vi)-
positive MECs (circles). B) Immunolabelling for the alveolar marker, KIT
(green), the AR (magenta), and DAPI (blue). A small proportion of AR- and
KIT-positive MECs are observed (i, arrowhead, 3.3% £2.1%, n=6). C)
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Triple immunofluorescence confocal microscopy of the AR (blue), ER
(green) and PR (red) demonstrating AR-positive MECs that lack ER or PR
expression (arrows in iii, (circles in magnified region “iii” denoted by dashed
outline in “ii”) nuclei labeled with DAPI (grey). (scale bar=25 pum,
representative staining from 12 samples). Civ=key to colors for marker
colocalisation, Quantification of labeled cell proportions in Cv. (mean =+
s.d.). D) Proposed model for the role of AR in promoting a luminal
phenotype in basal MECs, where expression of AR in basal MECs
promotes population of the luminal niche and attainment of a luminal
phenotype
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expression as a part of a process of basal-to-luminal transition.
This feature was observed only in isolated lobules of 3/12
assessed samples and therefore did not warrant quantification.
Additional examples of p63 and AR co-expressing cells are
shown in Supplemental Fig. S3. Expression of the luminal
alveolar progenitor marker, KIT, was found to be highly dis-
tinct from AR expression in luminal MECs (Fig. 4Bi-ii, with
magnification in “iii”), though a small proportion of AR-
expressing MECs also expressed KIT (Fig. 4Bi - arrow,
AR+ & cKIT+=3.3%+2.1%, n=06), in line with the low
expression of AR in the luminal alveolar sub-population of
mouse MECs [16]. Analysis of AR localisation (Fig. 4C, blue)
in combination with ER (Fig. 4C, green) and another HS-
MEC marker, PR, (Fig. 4C, red, key for co-localisation of
colors for triple staining shown in Fig. 4Civ) demonstrated
that in human breast the bulk of AR expression was found
within the luminal population and was co-expressed with
ER and/or PR. Importantly, cells that express AR but lack
ER or PR were readily observed, suggesting that AR more
broadly regulates MECs beyond ER and/or PR-positive HS-
MEC:s, consistent with results obtained from mouse experi-
ments (Fig. 4C, arrows, and Supplemental Fig. S4, arrows,
with quantification in Fig. 4Cv).

Discussion

The presented data demonstrates that AR activation increases
and AR inactivation decreases luminal cell identity in normal
mouse MECs. The model within which we propose this
occurs is conceptually illustrated in Fig. 4D. In this model,
expression and activation of the AR in basal MECs pro-
motes the attainment of luminal features (morphology, po-
sition and gene expression). This model is strongly support-
ed by one study using FACS-sorted basal, alveolar and HS-
MECs from mice, and analysed by microarray and network
analysis using an in-house ROCK database [17]. In that
study, of all genes presented as being enriched for a mam-
mary lineage, AR was the only gene implicated in engaging
both a basal and luminal gene network. When combined
with the data presented herein, this supports the concept
that the AR, and more broadly androgen signalling, can
act in both basal and luminal MECs. In further support,
the AR is a receptor shown to be enriched in breast cancer
cells engrafted in the mammary gland through intraductal
injection that maintains luminal profiles in cancer cells
[18]. That study demonstrated that in the context of human
breast cancer, AR signalling also promotes maintenance of
a luminal state. Additional supportive data comes from AR
lineage tracing studies in mouse prostate [19], which iden-
tified AR-expressing basal cells that are required for re-
population of the luminal niche after regression. Finally, a
sub-population of ER-positive MECs was identified within

the basal population of mouse and human MECs [20, 21],
which further supports the possibility of direct steroid re-
sponsiveness within the basal lineage.

Whether AR acts directly in mammary stem cells or a pop-
ulation of more differentiated basal progenitors is of interest in
future studies. The Wnt-Notch axis greatly influences the bal-
ance of basal to luminal MECs, and maintenance of stem/
basal MEC populations depends on functional Wnt signalling
[22, 23]. An up-regulation in Wnt/3-Catenin signalling was
observed in the mammary glands of transgenic mice lacking a
functional AR [10], suggesting that the actions of AR activa-
tion observed in the present study could be derived from in-
hibition of the Wnt signalling pathway. In support of this
notion, a similar reduction in the proportion of basal MECs
and accumulation of ER-positive luminal MECs as observed
in the present study, was reported in mice lacking the Wnt co-
activator LBH [24].

A role for AR promoting luminal differentiation from basal
MECs has a logical foundation in normal breast biology be-
cause the major female androgen, testosterone, act as the prin-
ciple precursors to the most potent estrogenic compound in
humans, 173-estradiol [25]. Given the dependency of mam-
mary function on estrogen signalling for pubertal mammary
development [26-28] and to enable progestin responsiveness
in adult MECs and human breast cancer cells [29-31], it is
reasonable to speculate that AR activation is permissive to
luminal function as it would serve as a signal that estrogenic
precursors are sufficient to maintain the robust ER and PR
signalling required for full mammary differentiation.

That AR functions in two distinct sub-populations of
MECs — basal and HS-MECs — goes some way to explaining
the divergent effect of clinical AR targeting in different breast
cancer contexts (reviewed in [7]). Further delineating the mo-
lecular switches that drive these divergent functions of AR,
and any cell subset-dependent actions, may provide a founda-
tion from which to devise rational approaches to targeting the
AR in different subtypes of breast cancer.

Materials & Methods
Mice & Tissue Harvesting

All animal experiments were performed in accordance with
and approved by the University of Adelaide animal ethics
committee (approval #M-2015-038). Normal 8 week-old in-
bred female FVB mice (University of Adelaide animal repos-
itory) were randomised to groups based on body weight and
treated via drinking water with vehicle (2% Tween-20 in ster-
ile H20, Biorad #1706531) or 0.1, 0.5 or 5 mg/kg/day of the
selective AR modulator, GTx-024 (Enobosarm - under mate-
rials transfer agreement with GTx, Mempbhis) for 16 weeks +
5 days (depending on day of diestrus). Water bottles were
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changed every 3 days. Estrus staging was performed dai-
ly, where relevant, as previously described [32]. Tissue
from AR-null mice were harvested as previously de-
scribed [10]. These mice were maintained at the
ANZAC Research Institute. All procedures were ap-
proved by the Sydney Local Health District Animal
Welfare Committee within NHMRC guidelines for animal
experimentation.

Human Tissue

Premenopausal human breast tissue was derived from re-
duction mammoplasties performed under informed consent
at Flinders Medical Centre in adherence with the University
of Adelaide Human Research Ethics Committee (approv-
al#: H-2015-175).

Carmine Staining Whole-Mounts

Mice were killed by exsanguination under deep anaesthesia
and one number 3 (thoracic) gland was fixed, stained and
processed as previously described [32]. Images were acquired
with an Olympus SZX12 microscope.

Isolation of Primary MECs, Cell Labelling,
Flow-Cytometric Analysis,
and Fluorescence-Activated Cell Sorting (FACS)

Mammary epithelial cells were isolated and fluorophore-
conjugated antibody labelling was performed as previously
described [33]. Cells were analyzed and sorted on a Becton-
Dickinson FACS-Fusion containing 355 nm UV, 488 nm blue,
561 nm yellow-green, and 633 nm red lasers. Sorting for cul-
ture was performed into L15 (Sigma-Aldrich #L1518) with
6% FCS (Sigma-Aldrich #F2442). Gating hierarchy is
outlined in Fig. S5.

ECM-gel Basal and Luminal Colony-Formation Assays
& Drug Treatments

A 50 puL volume of phenol red-free and growth factor-
reduced 100% ECM gel (Corning #356231) was added to
a 48-well (luminal) or 96-well (basal) plate and allowed to
solidify at 37 °C for 1 h. FACS-sorted basal MECs were re-
suspended in growth media (20 uL of DMEM/F12 (Sigma-
Aldrich #D6434) supplemented with 5% charcoal-stripped
FCS (Sigma-Aldrich #F2442) and 20 ng/mL murine epider-
mal growth factor (Sigma-Aldrich #E4127) and 1x
Penicillin-Streptomycin (Sigma #P4458)) at a concentra-
tion of 25,000 cells/mL and subsequently mixed with
80 uL of ECM gel (Corning #356231). This mixture was
layered over the solidified 100% ECM gel and allowed to
solidify at 37 °C for a final cell concentration of 5000 cells/
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well. FACS-sorted luminal MECs were re-suspended in
growth media and layered over solidified ECM gel, without
the addition of extra ECM gel, at a concentration of 10,000
cells/well and incubated at 37 °C for 10 days. Media was
changed every 2 days. Treatment with dihydrotestosterone
(DHT - Sigma-Aldrich #A8380) or hydroxyflutamide
(Schering-Plough #16423) was performed for the duration
of incubation. Drugs were reconstituted in 100% ethanol
and diluted to a final concentration of 1 nM or 100 nM,
respectively, in growth media. Colonies were quantified
by taking low-magnification images of the entire well for
each sample and treatment, and applying the “Find Edges”
tool in Adobe Photoshop to demarcate individual colonies.
Images were converted to binary format using ImageJ soft-
ware (https://imagej.nih.gov/ij/download.html), after
which the “Close” function was applied to complete
colony circularity. The “Analyse Particles” function was
used to quantify the number of colonies in each animal
and treatment.

Single Cell RNA Analysis

Mammary epithelial cells were isolated and fluorochrome-
conjugated antibody labelling was performed as previously
described [33]. A total of 96 cells were analyzed with 32 cells
each for basal, luminal and HS-MEC subpopulations.

Confocal Immunofluorescence

Immunofluorescence staining was performed as described
elsewhere [32]. Antibodies employed are outlined in
Supplemental Table S1. Images were sequentially ac-
quired on a Leica SP5 spectral confocal microscope.
Level adjustments were applied across entire images.
Quantification of steroid receptor expression in primary
breast tissue section was performed on 12 sections from
the represented sample, by systematically sampling at
20x magnification and selecting images based on the
presence of epithelium (total cells counted =2400).
Briefly, Leica image format files were opened in ImageJ
and segregated into individual channels. After converting
to binary format, DAPI channels were used to define sin-
gle cells, using the particle analysis tool, after which each
channel was measured sequentially, and data exported to
Microsoft Excel for analysis of proportions.

Immunohistochemistry

Immunohistochemsitry was performed as previously de-
scribed [34]. Antibody dilutions were applied as outlined in
Supplemental Table S1 and incubated overnight at 4 °C.
Slides were scanned on a Nanozoomer slide scanner
(Hamamatsu #C9600) and level adjustments applied
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consistently to entire images. For quantification, entire scans
were systematically sampled at 20x magnification and 8 im-
ages possessing mammary epithelium were acquired per sam-
ple. Every second image was manually quantified for marker-
positive and —negative epithelial cells using ImageJ] and the
Cell Counter tool. A total of 600-800 cells were counted per
animal per marker.

Statistical Analysis

All data were analyzed by two-tailed t test or ANOVA with
Tukey’s multiple comparisons test. All data groups were ver-
ified for equality of variance by F test.
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