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Transplantation assays suggest that multipotent stem cells maintain the two lineages of the mammary gland.
Recently in Nature, Van Keymeulen et al. (2011) used lineage tracing to discover unipotent stem cells that
maintain the bulk of the mouse mammary gland after birth and during pregnancy.
The mammary gland undergoes extensive
development following birth, from glandular expansion during puberty to full
lobuloalveolar differentiation for lactation.
Two main cell lineages are present within
mammary epithelium: luminal cells that
line the interior of ducts and alveoli and
express hormone receptors and cytokeratins (CKs) 8, 18, and 19, and contractile
basal/myoepithelial (ME) cells, which are
localized between the luminal cells and
the basement membrane and express
smooth muscle actin (SMA), as well as
CKs 5 and 14. The luminal lineage also
encompasses the terminally differentiated cells of the lobuloalveolar units,
which secrete milk during lactation.
The enormous cellular output needed
to meet the regenerative demands of successive pregnancies and lactations suggests the presence of multipotent stem
cells that sustain the two lineages (Figure 1A). However, a recent study by Van
Keymeulen, Blanpain, and colleagues
has radically revised our understanding
of the established hierarchy of the adult
mammary gland by suggesting that, unlike other ‘‘renewable’’ epithelial tissues
known to be maintained by multipotent
stem cells (e.g., skin or intestine), the
mammary gland is maintained by two
separate populations of unipotent progenitor cells (Van Keymeulen et al., 2011).
Current models of the mammary
epithelial hierarchy derive mainly from
studies that have used transplantation of
dissociated epithelial cells into fat pads
cleared of endogenous epithelium. Multipotent progenitor cells have been described that contribute to ductal and
alveolar morphogenesis and exhibit selfrenewal properties in serial transplantations based on either CD24Med/CD29Hi

or CD24+/CD49fHi immunophenotypes
(Shackleton et al., 2006; Stingl et al., 2006),
or based on genetically marked cells that
emerge during pregnancy to contribute
to alveolar development (parity-induced
cells; Wagner et al., 2002). In their study,
Van Keymeulen and colleagues used an
inducible genetic linage tracing strategy
to study the progenitor behavior of cells
at defined time points: embryogenesis,
after birth, during puberty, and through
multiple lactations. Stem/progenitor activity was monitored by YFP expressed
by lineage-specific cytokeratin promoters
in either basal/ME or luminal cells after
induction by doxycycline or tamoxifen
administration. Embryonic induction of
YFP controlled by the CK14 promoter
demonstrated that all cells in the mammary gland were derived from an initial
CK14+ population, confirming previous
reports localizing multipotent progenitors
to the basal/ME lineage (Visvader, 2009).
However, when induced during puberty,
CK14 promoter-driven YFP marked only
CK14+/SMA+ myoepithelial cells and not
CK8+/CK19+ luminal cells. Similar results
were seen when YFP expression was induced at puberty by CK5 promoter activity. In contrast, when CK8 and CK18
promoters were used to drive YFP expression at puberty, only CK8+/CK19+
luminal lineage cells were marked. Taken
together, these results indicate that lineage restriction is established shortly following birth. Low-dose treatment with
doxycycline or tamoxifen to label isolated
CK14+ or CK8+ cells, followed by several
rounds of pregnancies, indicated that
lineage-restricted progenitors were maintained and were able to clonally expand
through lactation and involution; labeled
CK18+ cells did not clonally expand, indi-
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cating that CK18 may mark more differentiated cells.
This provocative study provides the first
in situ evidence that facultative luminal
and basal/ME cell progenitors exist and
that together, they meet the regenerative
potential of the adult mammary gland.
Additionally, while not completely ruling
out the presence of rare multipotent
stem cells, it suggests that in adult mice,
these cells do not contribute significantly
to the maintenance of the gland. There
are some limitations to the study. A complete lineage trace of the luminal epithelium during embryonic development was
not performed, so it is unclear whether
CK8+ cells, or likely, a dual positive cell
is contributing to the formation of both
lineages in early development. Additionally, clonal analyses would have been
strengthened if they had been performed
in combination with a marker of proliferation to support evidence for expansion
of the normally quiescent myoepithelial
layer. Nevertheless, these results revise
our thinking about the mouse mammary
hierarchy (Figure 1B).
But what are we to make of the wealth
of evidence for multipotent progenitors
from cleared fat pad transplantation studies and in vitro colony forming assays? In
this study, the authors demonstrated that,
while endogenous CK14+ and CK8+ cells
were lineage restricted, when transplanted into cleared mammary fat pads
alone or in an excess of CD24+CD29Lo
luminal cells, the CD24+CD29Hi fraction
(enriched in CK14+ cells) was able to
regenerate the mammary tree and contributed to both the luminal and basal/
ME lineages. However, when YFP+
basal/ME cells were transplanted along
with unmarked luminal cells from glands
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