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Editorial

Technological advances drive scientific progress and con-
stantly enable us to push the limits of human knowledge. 
Following up on the previous successful methods-oriented 
issue [1], in this special issue entitled Connecting the Dots: 
Mammary Gland and Breast Cancer at Single Cell Reso-
lution we proudly present a collection of articles on some 
of the most recent high-resolution techniques, which allow 
analysis of mammary gland development and disease at the 
single cell level.

Scientists have longed for the development and imple-
mentation of such techniques for decades. The hope is that 
they will allow us to analyze and dissect the highly dynamic 
development and tissue remodeling of the mammary gland 
in full molecular and cellular detail and in real time. This 
would allow us to closely observe the processes of mam-
mary gland formation, pregnancy, lactation, and involution, 
as well as the processes of tumor formation and progression. 
In the past, only partial glimpses into the mammary tissue 
architecture and spatiotemporal dynamics of gene and pro-
tein expression were possible through immunostaining and 

in situ hybridization on tissue sections, though the resolu-
tion capacity has recently improved through multiplexing 
techniques [2]. Homogenate-based methods (such as West-
ern and Northern blot analyses, protein arrays, qPCR, bulk 
RNA sequencing, chromatin immunoprecipitation, etc.) 
have brought valuable insights into temporal changes in and 
regulation of gene and protein expression. However, their 
requirement for pooling cells to achieve sufficient amounts 
of material have precluded single cell analyses, and these 
techniques thus offered limited (and increasingly insuf-
ficient) spatial resolution. Improvements in this area have 
been achieved through fluorescence-activated cell sorting 
or laser-capture microdissection of specific cell population 
or tissue area of interest. Yet, these methods come short in 
comparison to the unparalleled resolution and information 
depth achieved through recently developed and still evolv-
ing spatial transcriptomics and single-cell RNA sequencing 
(scRNA seq) technologies.

In the microscopy world, technical advances have 
improved spatiotemporal performance of various micros-
copy modalities and increased computing speeds for pro-
cessing large imaging data sets, such as high-resolution 
volumetric imaging data for 3D tissue reconstruction. 
Novel tissue clearing methods have increased imaging depth 
achievable by fluorescent imaging of fixed mammary tis-
sue and breast tumor samples as well as whole mammary 
organoid cultures [3, 4], while imaging windows combined 
with multiphoton microscopy have enabled long-term imag-
ing of live mammary glands in vivo [4]. In this issue, Mes-
sal and colleagues describe how distinct intravital imag-
ing approaches in different genetically engineered mouse 
strains provide a microscopy toolbox to study mammary 
gland epithelial dynamics at different developmental stages 
at single-cell resolution [5]. Using these techniques, they 
show high motility and continuous intermingling of cells 
in the terminal end bud, a highly variable contribution of 
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single ductal cells to estrous cycle-driven remodeling, and 
remarkably stable long-term morphology of the mammary 
gland. Furthermore, their paper discusses important con-
siderations to experimental design and limitations of what 
is currently technologically possible. Dawson and Visvader 
take the reader on a microscopic journey too, highlighting 
the insights that have been obtained from emerging imag-
ing and clearing techniques [6]. This comprehensive review 
with schematic cartoons should be especially informative for 
newcomers in the field, as it manages to summarize a wealth 
of literature and considers both epithelial and non-epithelial 
cell populations.

While the novel imaging techniques provide improved 
insights into cellular dynamics, tissue architecture and 
cell–cell interactions in native tissues, gene expression 
changes during mammary gland development and disease 
are being appreciated in unprecedented detail using scRNA 
seq technology. Advanced bioinformatic analyses of the 
expression data from thousands of individual cells allow to 
decipher the genetic programs that drive cell behavior, fate, 
differentiation dynamics and homeostasis in the mammary 
gland. This issue also features a unique “behind the scenes” 
look at the Human Breast Cell Atlas project [7], which aims 
to generate a comprehensive, spatially resolved atlas of the 
human breast and the lineage relationships between them. 
The article relays the experiences of the UK and USA scien-
tists currently involved, and also calls for others in the mam-
mary gland and breast community to join this global effort.

The article by García Solá and colleagues integrates 
scRNA seq data from three pioneering reports to generate a 
new comprehensive analysis of postnatal mouse mammary 
gland development [8]. This approach reveals new cell 
clusters with particular features and describes the expres-
sion profile of individual genes during the pseudo-temporal 
trajectories of all mammary cell subtypes or the luminal 
lineages, specifically. The work by Henry et al. expands the 
collection of scRNA seq datasets for mouse and human, 
including a cross-species comparison [9], thus providing a 
rich resource and plenty of room for the reader to ponder 
how all the information from different datasets and differ-
ent studies will ultimately fit together. In their perspective 
article, Martin Carli and colleagues highlight the potential 
of human milk-derived cells (HMDCs) as a readily available 
and valuable resource for studying human lactation biology. 
Showcasing two recent studies, they discuss how scRNA seq 
of HMDCs can help to unravel the molecular and cellular 
diversity of secretory mammary epithelial cells in humans, 
and connect their changes to maternal phenotypes [10].

In summary, this special issue includes original research, 
review and perspective articles, which we very much 
enjoyed and also heartily recommend to the reader. While 
the articles are exclusively focused on normal mammary 

gland development and function, they provide a wealth of 
information and important technical considerations that also 
apply to breast cancer research.
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