
Background

Th e mammary gland undergoes dramatic morphological 

changes during puberty, pregnancy and involution. 

Transplantation studies of tissue fragments into a cleared 

mammary fat pad pioneered by DeOme and colleagues 

showed reconstitution of the mammary gland [1], 

demon strating the presence of mammary stem cells. 

Work on serial transplantation of small numbers of 

purifi ed basal mammary epithelial cells showed that they 

could regenerate the entire mammary epithelial tree with 

high effi  ciency and, indeed, that a single basal cell could 

do so [2-5].

Th ese studies suggested the presence of multipotent 

mammary stem cells, located in the basal compartment. 

In contrast, purifi ed luminal cells have limited fat pad 

reconstitution ability, although c-Kit-positive luminal 

cells were capable of forming small epithelial outgrowths 

in the transplant assay [5]. Th is model was recently 

challenged by Van Keymeulen and colleagues, who 

suggested that the basal and luminal lineages were 

uncoupled in the adult mammary epithelium and that 

each lineage contained a unipotent stem cell population 

[6]. Th e lineage contribution of stem/progenitor cells 

during pregnancy was unclear, however, as Van Keymeulen 

and colleagues were able to label very few luminal cells 

for lineage tracking  – many fewer than the number of 

pregnancy-responsive progenitors, thought to be 

luminal, in the gland [5,6]. Th ese progenitors generate 

alveoli, con tain ing milk-secreting alveolar luminal cells 

and contrac tile myoepithelial cells, during pregnancy. 

Previous studies on lineage tracking of pregnancy-res-

pon sive mammary epithelial cells suggested that 

luminal pregnancy-responsive progenitors could contri-

bute to both luminal and myoepithelial layers in the 

alveoli [7].

Our understanding of the relationship of stem and 

progenitor populations in the mammary epithelium with 

the diff erent epithelial lineages is therefore currently very 

much in fl ux; two new publications examining the lineage 

contributions of Wnt-responsive cells are starting to clear 

these muddy waters.

The articles

Van Amerongen and colleagues reported the coexistence 

of unipotent and multipotent stem cells in the mouse 

mammary gland [8], helping draw together apparently 

disparate points of view. Th e authors utilised the pro-

moter of Axin2, a Wnt target gene, to drive expression of 

an inducible Cre recombinase. Th ey performed lineage-

tracing analyses by generating Axin2CreERT2/+;Rosa26lacZ/+

and Axin2CreERT2/+;Rosa26mTmG/+ mouse models, which 

enabled Wnt-responsive cells to be labelled by LacZ 

staining or fl uorescence following induction of Cre 

activity. Labelled cells were tracked in situ after a single 

tamoxifen pulse to activate the Cre and were analysed at 

diff erent developmental stages.

To analyse Wnt-responsive cell activity in the embryo, 

a single pulse was administered on embryonic day 12.5, 

14.5 or 17.5 and tissue was analysed once the animals 

reached adulthood. Labelled cell clones were restricted to 

the luminal cell lineage, implying the presence of uni-

potent stem cells. Interestingly, however, when a single 

pulse was administrated to pre-pubescent mice (post-

natal days 14 to 16), which were then allowed to develop 

to adulthood before analysis, labelled clones were 

restricted to the basal cell lineage. Th is observation again 

supported the presence of unipotent stem cells, but also 

suggested a switch in Wnt-responsive cells after birth. 
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Trans plan ta tion of these unipotent stem cells from pre-

pubescent mice into cleared fat pads resulted in the 

complete regeneration of mammary glands. When Cre 

activity was induced during puberty, labelled cells were 

located in both the basal and luminal compartments of 

the terminal end buds, contributed to both the luminal 

and basal layers of the subtending ducts and underwent 

clonal expansion at pregnancy. However, the labelled 

clones in the luminal and basal layers were not adjacent 

and the authors interpreted this as indicating the 

presence of two unipotent Wnt-responsive stem cell 

populations, one luminal and one basal, during pubertal 

development. Induction of Cre activity in the adult gland 

resulted in labelling only of basal cells in the resting 

gland. However, if the animals underwent timed matings 

1 week after induction, labelled cells could be observed 

both in basal and luminal layers. Moreover, these labelled 

cells were adjacent to each other, suggesting a clonal 

relationship. Th is suggested the presence of a pregnancy-

responsive bipotent stem cell.

de Visser and colleagues also reported a switch in the 

Wnt-responsive target population in the mouse mam-

mary gland [9]. In their mouse model (Lgr5-EGFP-Ires-

CreERT2), the Wnt-responsive Lgr5 promoter drove 

expression of tamoxifen-inducible Cre as well as EGFP 

(to identify Cre-expressing cells). As with the model of 

Van Amerongen and colleagues, lineage tracing was 

achieved by Cre-dependent activation of fl uorescent or 

LacZ reporter alleles. Cre activity was induced with a 

single pulse of tamoxifen either 1 or 12  days after birth 

(postnatal day  1 or 12) and analysis of the tissue was 

performed by fl ow cytometry 3 months post induction.

Th e results showed that when Cre activity was induced 

on postnatal day 1, the labelled cells were luminal in the 

mature gland. Consistent with this observation, analysis 

of mammary glands from newborn mice carrying a LacZ 

transgene driven directly by the Lgr5 promoter (postnatal 

day  0) showed that LacZ expression was restricted to 

luminal cells. However, when Cre activity was induced at 

postnatal day 12, the labelled cells were basal at 3 months 

old. Furthermore, in postnatal day 12 Lgr5-LacZ mice, 

the labelled population had also switched to a basal 

location. Finally, in mature adult mice the EGFP-positive 

(Wnt-responsive) population was also found to be basal, 

and in particular located in the CD49fHigh basal stem cell 

population. EGFP-positive cells from adult mice were 

more highly enriched for cleared fat pad transplantation 

potential than EGFP-negative cells. Th e authors con-

cluded that Wnt-responsive cells in the mouse mammary 

gland are not stem cells but rather are lineage-committed 

cells and that the results of the transplantation assay do 

not accurately refl ect stem/progenitor behaviour in vivo. 

However, Cre activation and lineage tracking were not 

reported for the in situ mature adult gland.

Are you a lineage tracker or a cell transplanter – or 

a mammary gland biologist?

Taken together, these studies show that the target 

population for Wnt signalling in the embryonic or very 

early postpartum mammary gland is in the luminal cell 

lineage, whereas in older postpartum mice the target 

population switches and is in the basal lineage. A Wnt-

responsive population appears transiently in the luminal 

epithelium during pubertal development and then Wnt-

responsive cells are once again basally restricted in the 

adult. Importantly, both studies support the fi nding of 

Van Keymeulen and colleagues that the basal cell layer in 

the resting adult gland makes little contribution to the 

luminal cell layer, lending more weight to the view that 

both cell compartments, under normal physiological 

conditions, are maintained by separate stem/progenitor 

compartments. Th e term unipotent here is misleading, 

however, because the luminal cell layer contains a 

number of functional cell types and in a transplant situa-

tion the basal population (and to a lesser extent the 

luminal progenitor population) has the ability to generate 

all epithelial cell types in the gland. Th ese cell populations 

therefore have multipotent potential but in the adult 

gland in situ this potential is normally restricted to either 

the basal or luminal lineages. Nevertheless, these fi ndings 

must make us question the signifi cance of cleared fat pad 

transplantation as an assay of stem cell potential.

Importantly, however, the fi ndings of Van Amerongen 

and colleagues also provide evidence that there is indeed 

a physiological stem cell population which contributes to 

both basal and luminal layers in the alveoli during 

pregnancy. Th is hypothesis had been previously suggest-

ed by Boulanger and colleagues [7]. However, the timing 

of the labelling experiments of Van Amerongen and 

colleagues suggests that this pregnancy-responsive 

alveolar pro genitor is a basal cell, whereas the work of 

Boulanger and colleagues suggested it was a luminal cell 

population. Indeed, much of the analysis of isolated 

mammary epi thelial populations has supported the idea 

of a luminally located pregnancy-responsive progenitor. 

Th ese discre pancies have yet to be resolved.

Th ere are two caveats in the interpretation of all these 

studies. First, none of the lineage-tracing studies 

reported has labelled cap cells in terminal end buds and 

followed the fate of their progeny. Early morphological 

studies supported a model in which cap cells generated 

the subtending myoepithelial layer as well as the body 

cells, depending on the orientation of the plane of cell 

division [10-12]. Th e body cells then generated the 

luminal layer, implicating the cap cells as common stem 

cells for the whole mammary epithelium. Lineage-

tracing studies that specifi cally target this population 

are required to properly delineate the mammary 

hierarchy.
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Second, while these studies are fascinating, it is 

frustrating to try and place them in the context of 

previous work because the labelled populations being 

investigated are simply not well characterised. Some 

basic cell sorting of Cre-expressing and/or lineage-

marked cells following by staining of cytospins and gene 

expression analysis would rapidly enable the unipotent 

stem cells/lineage-committed progenitors/pregnancy-

respon sive progenitors to be correlated with one of the 

epithelial subpopulations that fl ow cytometry has 

enabled us to isolated and characterise. Failure to achieve 

this correlation risks a rift in the community between the 

‘lineage trackers’ and the ‘cell transplanters’. If we can 

integrate our data properly, however, we have the 

potential for making the greatest advances seen for many 

years in our understanding of mammary gland biology.
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EGFP, enhanced green fl uorescent protein.
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