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Mammary molecular portraits reveal lineage-specific
features and progenitor cell vulnerabilities
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The mammary epithelium depends on specific lineages and their stem and progenitor function to accommodate hormone-
triggered physiological demands in the adult female. Perturbations of these lineages underpin breast cancer risk, yet our
understanding of normal mammary cell composition is incomplete. Here, we build a multimodal resource for the adult gland
through comprehensive profiling of primary cell epigenomes, transcriptomes, and proteomes. We define systems-level
relationships between chromatin-DNA-RNA-protein states, identify lineage-specific DNA methylation of transcription
factor binding sites, and pinpoint proteins underlying progesterone responsiveness. Comparative proteomics of estrogen
and progesterone receptor-positive and -negative cell populations, extensive target validation, and drug testing lead to
discovery of stem and progenitor cell vulnerabilities. Top epigenetic drugs exert cytostatic effects; prevent adult mammary
cell expansion, clonogenicity, and mammopoiesis; and deplete stem cell frequency. Select drugs also abrogate human
breast progenitor cell activity in normal and high-risk patient samples. This integrative computational and functional study
provides fundamental insight into mammary lineage and stem cell biology.

Introduction

The mammary gland is a defining feature of mammals. Its study
has provided new knowledge on organogenesis, differentia-
tion programs, control of cell fate, and the molecular interplay
that enables proliferation of tissue-specific progenitor cells
(Hennighausen and Robinson, 2005). Elucidating the events
that go awry in breast cancer formation requires a deep under-
standing of the normal adult breast. Recent discoveries of inher-
ited single-nucleotide polymorphisms (Nguyen et al., 2015;
Michailidou et al., 2017) that increase cancer risk will also ben-
efit from information contextualizing their impact on the mam-
mary epithelium.

The mammary epithelial hierarchy has two main lineages,
basal and luminal, each of which contain progenitor cells. The
luminal compartment comprises estrogen and progesterone
receptor-positive (ER*PR*) and ER"PR- cells. Lineage-tracing
studies have demonstrated that under physiological conditions,
basal, ER*PR* luminal, and ER"PR~ luminal cells are each main-
tained by their own unipotent stem cells (Van Keymeulen et al.,
2011, 2017; van Amerongen et al., 2012). A small number of mam-
mary epithelial cells have been shown to reconstitute complete

mammary structures when transplanted in vivo and have thus
been termed mammary stem cells (Shackleton et al., 2006; Stingl
etal., 2006; Eirew et al., 2008). However, whether bipotent adult
stem cells contribute to the mammary epithelium in a physiolog-
ical setting is controversial. Although some lineage-tracing stud-
ies have provided in situ evidence of bipotent stem cell activity
(Riosetal., 2014; Wang et al., 2015), a subsequent statistics-based
study has suggested that these results may result from a lack of
labeling specificity (Wuidart et al., 2016), with questions remain-
ing regarding both approaches (Rios et al., 2016).

Evidence suggests that stem and progenitor cells under-
lie cancer development and are cells of origin in aggressive
breast cancer subtypes. Luminal progenitors are expanded in
BRCAI mutation carriers and linked to basal-like breast cancers,
whereas stem- and progenitor-enriched basal cells are associated
with claudin-low breast cancers (Lim et al., 2009; Molyneux et
al., 2010; Shehata et al., 2012). Cancer risk has also been cor-
related to the number of stem cell divisions inherent to tissue
homeostasis (Tomasetti et al., 2017); this concept is relevant to
the breast, which undergoes extensive tissue remodeling during
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the female lifespan in response to hormones. Molecular interven-
tions centered on targeting stem and progenitor cells thus offer
promising strategies for breast cancer chemoprevention.
Mammary stem and progenitor cells typically show undetect-
able expression of ER and PR yet expand during the progester-
one-high phase of the reproductive cycle and pregnancy to drive
sex hormone-induced mammopoiesis. Effects of circulating pro-
gesterone on ER"PR™ stem and progenitor cells are mediated via
paracrine factors secreted by ER*PR* luminal cells (Asselin-Labat
et al., 2010; Joshi et al., 2010, 2015a; Shiah et al., 2015). Multiple
lines of evidence support that progesterone exposure elevates
breast cancer risk. In mice, mammary tumorigenesis is lower after
PR deletion or treatment with a PR antagonist (Lydon et al., 1999;
Sigl et al., 2016). Early menarche or late menopause is a known
risk factor in breast cancer (Kelsey et al., 1993), and oophorectomy
is protective in high-risk women (Kauff et al., 2002; Eisen et al.,
2005; Kotsopoulos et al., 2016). Population studies show that breast
cancer risk is higher for women on hormone replacement therapy
formulations containing progestins (Chlebowski et al., 2015; Joshi
etal., 2015b,c), and high serum progesterone and RANKL correlate
with increased risk in postmenopausal women without genetic
predisposition (Kiechl et al., 2017). Conversely, progestins exert
antiproliferative effects on ER*PR* breast cancer cells (Mohammed
et al., 2015). Because ER"PR and ER*PR* mammary cells exhibit
divergent responses to progesterone, it is critical to understand
the molecular circuitry underlying sex hormone responsiveness.
To date, profiling of primary mammary subsets has focused
on transcriptome and/or epigenome analyses (Kendrick et al.,
2008; Lim et al., 2010; Maruyama et al., 2011; Gascard et al.,
2015; Pellacani et al., 2016), with few studies done in controlled
hormone states (Pal et al., 2013; Dos Santos et al., 2015; Shiah et
al., 2015). Yet studies have not defined the open chromatin land-
scapes or proteomes of the basal and luminal lineages, nor have
they integrated successive levels of gene regulation. Here, we
constructed chromatin-DNA-RNA-protein mammary molec-
ular portraits, which include newly generated and matched
methylome, assay for transposase-accessible chromatin using
sequencing (ATAC-seq), and proteome data. Proteomics was
then extended to three cell subsets from contrasting progester-
one states: ER"PR~ basal, ER"PR™ luminal progenitor, and ER*PR*
luminal cells. This global mammary resource exposes statistical
relationships across four successive levels of regulation, yielding
new insights into the DNA and chromatin states of key transcrip-
tion factor binding sites (TFBSs) and highlighting distinct expres-
sion patterns of lineage-restricted versus total genes. Finally,
mammary portraits uncover new pathways controlling stem and
progenitor cell function and drugs that exert cytostatic effects to
limit sex hormone-driven adult stem and progenitor expansion
and mammopoiesis. Drugs also impede human breast cell clono-
genicity in specimens from normal and high-risk women.

Results

Union of basal and luminal mammary epigenomes,
transcriptomes, and proteomes

We set out to comprehend the two mammary lineages, which
are each enriched for distinct stem and progenitor cells, by
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quantifying global relationships between basal and luminal cell
epigenomes, transcriptomes, and proteomes in adult mice. To
normalize sex hormone exposure, mice were ovariectomized
and treated with 17B-estradiol and progesterone (designated EP);
primary basal (CD241°medCD49f%) and luminal (CD24MCD49fY)
cells were FACS-purified. We performed reduced representation
bisulfite sequencing (RRBS) and ATAC-seq to identify DNA meth-
ylation and open chromatin regions, respectively (Meissner et
al., 2005; Buenrostro et al., 2013). For transcriptomes, we lev-
eraged our published RNA abundance data (Shiah et al., 2015).
For proteomes, we performed ultra-high pressure liquid chro-
matography/mass spectrometry (UPLC-MS) and identified
4,213 proteins.

Global integration of data revealed a positive relationship of
open chromatin regions with both RNA and protein abundance
(Fig. 1, A-C). Specifically, genes with higher abundance in basal
orluminal cells associated more with ATAC-seq peaks detected in
that, versus the other, cell type (e.g., for RNA basal, 662/880 or
75%; for luminal, 589/822 or 72%). Minimal relationship existed
between DNA hypomethylation and RNA or protein abundance
(e.g., for RNA basal, 304/515 or 59%; for luminal, 221/413 or 54%);
DNA methylation at promoter regions again showed no relation-
ship with RNA abundance (Fig. S1 A). Genomic regions enrich-
ment of annotations tool (GREAT) was used to explore func-
tional significance of lineage restricted open chromatin regions
(McLean et al., 2010), as shown in Fig. S1 B and Table S1. ErbB-2
class receptor binding was enriched in basal cells (g = 0.004),
and numerous pathways critical to cell differentiation, survival
and breast cancer were enriched in luminal including c-KIT, NOT
CH, and GH receptor signaling (Fig. S1 B and Table S1). Next, we
classified genes based on their chromatin-DNA-RNA-protein
relationships, quantifying the frequency and probability of spe-
cific states (Fig. 1 D and Table S2 for log-odds ratios and p-values).
One-third of genes identified in all four datasets did not differ
between basal and luminal cells (1,147/3,424) and mostly repre-
sented common cellular processes (Fig. S1 C). Open chromatin
regions statistically associated with increased RNA abundance
in both mammary lineages (p-values: basal = 1.51 x 10~%, luminal
= 1.45 x 1077; Table S2). In basal cells, open chromatin also asso-
ciated with increased protein abundance (P = 4.52 x 1077; Table
S2); luminal cell relationships were more complex, with ATAC-
seq peaks linked to both increased (P = 5.63 x 10-5; Table S2) and
decreased (P = 0.022; Table S2) protein abundance.

Ithas been shown that RNA abundances only weakly correlate
with protein levels (Kislinger et al., 2006; Cox et al., 2009; Rugg-
Gunn et al., 2012). We observed a positive association between
increased RNA and protein abundance (p-values: basal = 1.86 x
107%8; luminal = 1.36 x 1073%; Table S2). RNA-protein correlations
were higher for more abundant proteins (Spearman’s p = 0.49),
although correlation at the global level was weak (Spearman’s
p = 0.34; Fig. 1, E and F). Overall, 35% of genes changed at the
RNA or protein level across mammary lineages (basal 356/3,424;
luminal 835/3,424); of these, only 3% displayed the conventional
pattern of more open chromatin and increased RNA and pro-
tein (basal 38/3,424; luminal 76/3,424). We next interrogated a
22-basal-luminal marker gene signature for their ATAC-seq, DNA
methylation, RNA, and protein status (Fig. 1 G). Here, increased
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Figurel. Integrated proteomic, transcriptomic and epigenomic profiling of basal and luminal mammary cells. (A) Schematic depicts analyses performed
on EP-treated basal and luminal cells. Biological replicates: ATAC-seq, RRBS, and UPLC-MS, n = 2; microarray, n = 4. (B) Tables show numbers of genes associated
with protein or RNA up-regulation, DNA hypo- or hypermethylation, and lineage-restricted ATAC-seq peaks, in basal (B) and luminal (L) cells. (C) Volcano plots
show log,(fold change RNA abundance) across mammary cell compartments; color coding shows genes associated with ATAC-seq peaks or DNA hypomethyl-
ation specific to basal/luminal cells. (D) Heatmap depicts genes classified based on their relationship states between open chromatin, DNA hypomethylation
(h-Me), RNA, and protein abundances. Bar plot shows the number of genes in each state on a logyo scale. (E) Graph shows log,(fold change) of RNA versus
protein abundance of all genes found in both microarray and UPLC-MS datasets. (F) Graph shows Spearman’s correlation (p) of log,(fold change) in RNA versus
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lineage restricted open chromatin associated with higher gene
expression (20/22; 91%); most genes were not DNA methylated
(16/22; 73%); and 21/22 exhibited concordant RNA and protein
abundance. Altogether, although tightly controlled marker genes
exhibitopen chromatin and concordant RNA/protein expression,
most others fall outside of this conventional regulation pattern.
This integrative computational analysis provides insight into
relationships between chromatin structure and translational/
posttranslational control.

Key TFBSs are differentially methylated in basal

versus luminal cells

Overall, less DNA methylation exists in the basal compartment,
with more differentially methylated cytosines (DMCs) hypometh-
ylated in basal (5,168) versus luminal (4,095) cells. Methylomes
clustered separately (Fig. 2 A) with DMCs more likely to occur
at introns or intergenic sites and in shelf, shore, or open-sea
regions (Fig. 2 B). Because our multimodal data suggests that
DNA methylation does not regulate proximal gene expression, we
reasoned it may influence cell state by controlling transcription
factor binding. TFBS analysis revealed several motifs hypometh-
ylated in basal versus luminal cells, with many also enriched in
lineage-restricted functional open chromatin (Figs. 2 C and S1
D). These included TFBSs for key transcription factors such as
FOXALI, ELF5, GATA3, and TP63, which are essential regulators of
mammary morphogenesis, cell fate, differentiation, and lineage
identity. Other TFBSs associated with DNA hypomethylation and
open chromatin regions belonged to TP53 and EGR1 in basal and
FOXAZ2, SPI1, and FOXP1 in luminal cells.

We used our expression data to interrogate RNA and protein
abundance of protein-coding genes proximal to hypomethylated
TFBSs and open chromatin regions (<250 bp, lineage-restricted
or shared; Fig. 2 D and Tables S3 and S4). Most proximal genes
did not exhibit significant changes in their RNA abundance
(basal 42/61, 69%; luminal 37/57, 65%; Tables S3 and S4). This
may signify the inherent complexity of epigenetic control over
gene expression or that hypomethylated TFBSs are located in
enhancer regions. In analogous human breast epithelial subsets,
these same TFBSs associate with cell type-specific enhancers
shown via H3K4mel, H3K4me3, and H3K27ac chromatin immu-
noprecipitation sequencing (ChIP-seq; Pellacani et al., 2016),
with methylome analysis highlighting a strong overlap between
hypomethylated genome regions and enhancer chromatin states
(Gascard et al., 2015).

For the proximal genes that did change with hypomethylation,
most significant differences in RNA were reflected at the protein
level. One exception was FAM46B, with a clear discordance in
RNA/protein abundance (Fig. 2 D and Table S3). For instance, 16
of 19 genes in basal cells had elevated expression (Fig. 2 D and
Table S3) and represented known (TInI; Deugnier et al., 2002) or
novel (e.g., Gstmland Atplal) basal cell features. In luminal cells,
altered genes both increased (11/20; 55%) and decreased (9/20;

45%; Fig. 2 D and Table S4) in expression. Among the up-regu-
lated luminal genes are Prexl, Abca3, and Cdké: Prexl is overex-
pressed in ER* and HER2* breast cancers (Marotti et al., 2017),
whereas Abca3 and Cdké are higher in normal human luminal
cells (Lucas et al., 2004; Schimanski et al., 2010); Abca3is an ERa
target gene; its loss is an adverse risk factor for breast cancer
recurrence and promotes acquisition of mesenchymal-like char-
acteristics in lung epithelial cells (Lin et al., 2004; Kaltenborn et
al., 2012). Deletion of the CDK4/6 inhibitor p18™VK4C stimulates
luminal progenitor expansion and mammary tumor formation
in mice (Pei et al., 2009).

Interestingly, genes tended to be located near =2 hypometh-
ylated TFBSs in both mammary lineages (basal 44/61 or 72%;
luminal 45/59 or 76%; Tables S3 and S4). To probe effects of dif-
ferent hypomethylation events on gene expression, we calculated
the mean RNA fold-change associated with each TFBS (Fig. 2 E).
In basal cells, most TFBSs associated with increased RNA abun-
dance (Fig. 2 E). In luminal cells, motifs belonging to NR2C2,
NFE2L2, and BACH?2 associated with strong increases in RNA,
whereas FOXA1, FOXP1, and NFIB associated with decreased RNA
(Fig. 2 E). These integrated analytics of primary mammary cells
challenge the classic view that DNA methylation, whether in pro-
moter regions or otherwise, regulates nearest gene expression.
Rather, our findings suggest a major role for DNA methylation is
controlling TFBS accessibility on the genome.

Defining the protein landscapes of mammary cell lineages

We next interrogated mammary cell proteomes that exhibited
separate clustering and hallmark characteristics of the basal
(KRT5, KRT14, CD29, TP63) and luminal (KRT8, KRT18, EPCAM,
GATA3) compartments (Fig. 3 A and Table S5). Some proteins
were detected in only one lineage, resulting in absolute log,(fold
change) >15 (Fig. 3 A and Table S5). Comparison of basal versus
luminal proteomes revealed 745 differentially expressed proteins
(Fig. 3 B; P < 0.05, fold change >2). More proteins were up-reg-
ulated in luminal cells (573 vs. 172) likely because of greater
heterogeneity within this compartment. Intriguingly, gene set
enrichment analysis (GSEA) demonstrated that luminal up-reg-
ulated proteins lacked enrichment for any biological terms,
whereas those up-regulated in basal cells were enriched for
139 different functions or pathways (false discovery rate [FDR]
<0.05; Table S6) that clustered into 13 groups (Fig. 3 C), reflecting
novel or known features of basal/myoepithelial cells (Deugnier
etal., 2002). Further to enabling chromatin-DNA-RNA-protein
comparisons and providing a biological baseline for future que-
ries, our mammary proteomes show the feasibility of perform-
ing label-free MS-based shotgun proteomics on small numbers
of FACS-sorted, primary cells (~100,000 cells).

Mammary cell proteomes and their hormone responsiveness
We next set out to define proteomes of stem- and progeni-
tor-enriched mammary populations. For this, equal numbers

protein abundance. Genes were divided into quantiles (Q1-Q4) based on their peptide counts (biological replicates: UPLC-MS, n = 2; microarray, n = 4). (G)
Heatmaps show z-scores of protein and RNA abundance of known marker proteins in basal and luminal subsets. Color coding indicates gene hypomethylation,
and bar chart shows the relative proportion of total ATAC-seq peaks detected in basal or luminal cells.
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proteins differentially expressed across the basal and luminal mammary lineages (>2-fold change, P < 0.05). (C) Enrichment map summarizes results of GSEA
pathway analysis for proteins up-regulated in basal compared with luminal cells (FDR <0.05). Up-regulated pathways include regulation of insulin-like growth
factor (IGF) activity by insulin-like growth factor binding protein (IGFBP). Nodes represent biological pathways that were automatically annotated and organized
into themes using Cytoscape; biological themes are labeled and depicted via gray ellipses. (D) Left: Flow cytometry analysis of luminal (CD24*CD49f) and
basal (CD24-CD49f") primary mammary cells, purified from three pairs of glands (second, third, and fourth) of E- or EP-treated mice. Right: The luminal subset
further subdivided using the CD49b and SCA-1 cell-surface markers (Shehata et al., 2012). (E) Bar chart shows absolute number of basal and luminal cells from
E- or EP-treated mice; biological replicates, n = 3; error bars represent SD. (F) Photographs of representative CD49b*SCA-1- luminal CFC plate from E- versus
EP-treated mice. (G) Bar charts show absolute number of CFC within the different luminal or basal subsets, in E- or EP-treated mice (n = 3, error bars represent
SD). (E and G) Statistical significance was calculated using two-tailed t test (basal CFC; *, P < 0.05) or two-way ANOVA and Sidak’s multiple comparisons test
(mammary epithelial cells, luminal CFC). Multiple comparisons testing was performed with a 0.05 significance level and 95% confidence interval. Statistically
significant differences are indicated by asterisks, which denote size of significance levels. **, P < 0.01; ****, P < 0.0001.
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of FACS-purified ER"PR" basal, ER"PR™ luminal progenitor, and
ER*PR* luminal cells were pooled from ovariectomized mice
treated with 17B-estradiol alone (E) or 17B-estradiol and proges-
terone (EP). These treatments mimic contrasting phases of the
natural estrous cycle where addition of progesterone induces
robust stem and progenitor expansion and changes at the tran-
scriptomic level over estrogen alone (Shiah et al., 2015). Flow
cytometry and matched colony-forming capacity (CFC) assays
confirmed that EP increased absolute numbers of basal and lumi-
nal cells (Fig. 3, D and E) as well as progenitors (Fig. 3, Fand G). As
expected, most luminal progenitors resided in the CD49b*Sca-1-
population (Fig. 3 G; Shehata et al., 2012).

In total, proteomes identified 4,672 proteins that clustered
first within cell fractions and then hormone states (Fig. 4, A
and B; and Table S7). We observed a strong overlap between the
well-known luminal progenitor markers ITGA2/CD49b, ITGB3/
CD61 and c-KIT (Fig. 4 C, arrowheads) only after progesterone
inclusion. Specifically, sex hormones induced a marked decline
in ITGB3/CDé1 that was not mirrored by either ITGA2/CD49b or
c-KIT. This was independently verified by flow cytometry, which
showed no difference between CD49b*Sca-1- or c-KIT* luminal
progenitor numbers after EP treatment, but significantly fewer
ITGB3/CD61* luminal cells (Fig. S2 A). These data indicate that
progesterone-driven loss of luminal progenitors is limited to
the ITGB3/CD61* subset and care should be taken when using
this marker as an indicator of overall luminal progenitor activ-
ity, especially in the context of sex hormones. ALDH enzymatic
activity also marks luminal progenitor cells and is detected via
commercially available kits; however, the specific ALDH iso-
forms responsible for this remain unclear. We found pronounced
ALDH heterogeneity across mammary cell compartments, with
ALDHIla3, ALDH5al, ALDH6al, ALDHI16al, and ALDH18al being
higher in luminal progenitors, yet many other isoforms exhibit
selectivity for basal or ER*PR* luminal cells (Fig. 4 C). Proteomics
thus afforded new insight into mammary marker proteins.

We combined discovery proteomics with GSEA and enrich-
ment map analyses to illustrate protein changes driven by pro-
gesterone in each mammary subpopulation (Fig. 4, D and E;
Fig. S2, B and C; and Tables S8 and S9). More pathways were
up-regulated in ER"PR™ luminal progenitors than in either of
the other two cell compartments (Fig. 4, D and E; and Table S8).
Despite marked differences existing across mammary lineages,
we noted high overlap of progesterone-stimulated pathways in
ER"PR- luminal progenitor and basal cells; these were associ-
ated with nuclear changes, cell replication, and cell metabolism
(Fig. 4 E). Progesterone drove terms linked to epigenetic pro-
cesses primarily in ER"PR" luminal progenitor cells, with S-ade-
nosylmethionine (SAMe)-dependent methyltransferase activity
also up-regulated in the basal compartment (Fig. 4 E). Protein
abundances associated with SAMe-dependent methyltransfer-
ase activity are shown in Fig. S2 B. SAMe is the primary methyl
donor for methyltransferase enzymes and is thus intrinsic to
chromatin remodeling and epigenetic modifications (Loenen,
2006). Fewer pathways were up-regulated by progesterone in
ER'PR* luminal cells (Fig. 4 E). Strikingly, a large number of
pathways are down-regulated by EP in basal cells (Fig. S2 C and
Table S9). Altogether, proteomics uncovered new focal points and
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distinctions in mammary cell molecular makeup, highlighting
epigenetics as a putative mechanism for dictating lineage iden-
tity and hormone response.

Progesterone up-regulates epigenetic master regulators in the
mammary epithelium
ER"PR™ mammary cell populations exhibit a mitogenic response
to progesterone and contain likely cells of origin for aggressive
breast cancers. We leveraged the concept that epigenetic path-
ways underscore adult stem and progenitor cell expansion to
identify vulnerabilities of these primitive cell types. Epigenetic
targets are a highly active area of drug discovery, as evident by
the recent development of many high-quality and specific chem-
ical probes (Huston et al., 2015). We rationalized that drugs, if
matched to key epigenetic regulatory proteins within the basal or
luminal compartments, can serve as a means to create cytostatic
effects and deplete stem- and progenitor-enriched populations.
First, we performed an in-depth assessment of short-listed
epigenetic proteins in the adult mammary gland via single-cell
intracellular flow cytometry and in situ analyses. Our gating
strategy with lineage marker controls is shown in Fig. S3 A. Con-
sistent with our proteomics findings, intracellular flow cytom-
etry revealed a luminal-basal disparity in some, but not all,
epigenetic master-regulators. Specifically, EZH2, HDACI, and
G9a/EHMT?2, but not HDAC2 and CREBBP, were significantly
elevated in EP luminal compared with EP basal cells (Figs. 5 A
and S3 B). Higher expression of epigenetic modifiers in luminal
cells was hormone dependent, and only HDACI showed a signifi-
cant luminal-basal difference in E-treated mice (Fig. 5 A). Several
proteins (EZH2, HDAC1, HDAC2, CREBBP, and G9a/EHMT2) were
increased by progesterone in both compartments (Figs. 5 A and
S3B). Among these, only EZH2 was previously shown to increase
in the mammary gland with sex hormones (Pal et al., 2013).
Therefore, progesterone broadly up-regulates components of the
epigenetic machinery across the two mammary lineages.
Immunofluorescence (IF) spatially confirmed the aforemen-
tioned differences in protein expression, exposed the heteroge-
neous nature of many epigenetic proteins, and demonstrated
that SETD7 but not GLP/EHMT1 is elevated in luminal cells (Fig. 5,
Band C; and Fig. S3, Band C). It also revealed differential expres-
sion of DNMT enzymes across lineages; DNMT1and DNMT3b are
higher in luminal cells and DNMT3a in basal (Fig. 5 C). Microar-
ray data showed similar expression patterns for most genes at
the RNA level, with DnmtI and Dnmt3a displaying significant
differences (Fig. 5 D). Heterogeneous expression of epigenetic
proteins in the luminal compartment corroborates mammary
proteomics that shows enrichment of EZH2, HDAC2, CREBBP,
DNMTI, and DNMT3a in ER"PR" progenitors over ER*PR* cells
after EP treatment (Fig. 5 E). DNMT1 largely acts on hemimeth-
ylated CpGs during S-phase of the cell cycle, and this DNA meth-
yltransferase displayed high overlap with proliferation marker
Ki67 (Fig. 5 C). We also ascertained the status of mutually exclu-
sive H3K27me3 (repressive) and H3K27ac (activating) chromatin
marks, which are regulated by our target proteins. Both marks
tended to be higher in the luminal compartment, with H3K27me3
exhibiting heterogeneous expression similar to EZH2 and being
up-regulated by progesterone (Fig. 5, A and B; and Fig. S3 B). This
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