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Hidden gems in the niche: a new approach to the study of
spermatogonial stem cells
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anatsu-Shinohara and colleagues con-
K tinue to reveal the secrets of the rare
mammalian spermatogonial stem cells.
Their most recent study offers a new
approach by applying principles from
hematopoietic stem cell research to dem-
onstrate that cells which form a cobble-
stone-like underlay beneath testicular
somatic cells in culture are spermatogonial
stem cells. Utilization of mouse models and
cell cultures shows how the chemokine,
CXCL12, fits into the signalling cascade
which governs the fate of these cells and
hence is essential to male fertility.

Many differentiated but renewable cell
types in the body are derived from relatively
small populations of dedicated precursor
cells, or stem cells, which maintain an essen-
tially unlimited capacity for continued divi-
sions."? The existence in mammalian testes of
spermatogonial stem cells (SSCs), which are
the foundation of spermatogenesis and essen-
tial for adult male fertility, has been well
recognized.” However, unlike in Drosophila
testes, the whereabouts of the mammalian
SSC niche has been difficult to determine.
Definitively identifying SSCs and uncovering
the nature of the niche biology has been a
critical challenge for the field.

The pioneering work of Ralph Brinster and
his colleagues demonstrated that SSCs can be
defined by their capacity to form colonies that
reconstitute full spermatogenesis in vivo,"> a
cumbersome yet unequivocal assay that
mirrors the strategy used to identify stem
cells in other systems and particularly in
hematopoiesis. This approach taught us that
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SSCs can be grown in culture for many pas-
sages, stored in the freezer and used to reverse
infertility arising from genetic defects and
that they are most abundant in the newborn
testis at the onset of spermatogenesis. These
clues have given researchers tools with which
to pursue an understanding of the signalling
pathways that control their proliferation and
survival. Key findings include the demonstra-
tion that integrins B1 and a6 are present on
the SSC surface, while Kit is not,® illumin-
ating the progression of markers and com-
munication molecules that are essential for
normal spermatogenesis.

The whereabouts of the niche is more ephe-
meral, with Yoshida and colleagues’ hypo-
thesizing that the SSC niche is created by
the proximity of the adjacent vasculature to
the basement membrane of the semini-
ferous tubule and concomitant influence of
extra-testicular factors such as retinoic acid.®
However, major hurdles still exist regarding
identification of the true niche and pinpoint-
ing what we expect is a complicated set of
interacting factors that govern SSC fate and
plasticity in vivo. The recent publication
by Kanatsu-Shinohara and colleagues’ in
Cell Stem Cell provides an important way
forward.

As the title highlights, this study provides a
new approach to stem cell identification,
with convincing evidence that these newly
described cobblestone colonies are a robust
indicator of spermatogonial stem cell preval-
ence in testis cell cultures. Interactions
between somatic and germ cells are enabled
in the culture system which uses a feeder layer
of non-dividing somatic cells plated on a
laminin-coated culture dish onto which
germline cells are introduced. Cell clusters
form both above and below the feeder layer,
and were viewed in this study with the aid of a
green fluorescent protein tag present in the
introduced cells to mark spermatogonia.

Recognition of clusters of flat cells growing
underneath the feeder layers, described as
similar in appearance to the cobblestone col-
onies of hematopoietic cell clusters, enabled
these researchers to isolate a distinct subfrac-
tion of spermatogonia which they used in the
now classical transplantation assays to dem-
onstrate their capacity to function as SSCs.
Thus, building on knowledge derived from
analysis of hematopoiesis and the growth
characteristics which control hematopoietic
stem cells, Kanatsu-Shinohara and collea-
gues’ offer a new avenue by which the factors
that control spermatogonial stem cell biology
can be interrogated.

This study contains several important
extensions of knowledge that has been accu-
mulating in the field regarding SSC behavior.
The functional importance of the chemokine,
CXCL12, and its relationship to the essential
SSC growth factor, glial cell line-derived
neurotrophic factor (GDNF) was explored
in a series of experiments. These included cell
culture experiments to address what stimu-
lates CXCL12 production by testicular cells.
The combinatorial influence of epidermal
growth factor, fibroblast growth factor,
GDNEF and follicle-stimulating hormone was
demonstrated using this simple, yet valuable
approach which demonstrates the multifac-
torial nature of signaling inputs which govern
developmental switches in germline genesis.

Elegant experiments show that there are
distinct roles for GDNF or CXCL12 when
SSCs are exposed to elevated and reduced
levels of these in vivo. Intact signaling by
either ligand stimulated pathway is essential
for SSC function in transplantation assays,
and this directly corresponds with the capacity
for cobblestone colonies to form in culture.
In addition, colonies formation in recipient
testes after transplantation was directly related
to the level of CXCL12 signaling, implicating
CXCL12 in SSC homing to the niche in vivo.
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How can these new findings lead to
developments that will aid treatment of
men with infertility or elucidate the under-
pinnings of testicular cancer? While there
are clues to what controls GDNF'® and
CXCL12 synthesis provided in this analy-
sis, the mechanisms by which chemokine
release is regulated are not known. Does
the upregulation of CXCR4 expression in
gonocytes rely exclusively on GDNF activa-
tion of the transcription factor ETV5?2!" Is
aberrant signaling by CXCR4 implicated in
the onset of testicular cancer?'?

Are other chemokines, growth factors and
receptors involved in homing, as demon-
strated previously for extracellular matrix
stem cell factor (Kit Ligand) in guiding
the migration of primordial germ cells to
the indifferent genital ridge during murine
embryogenesis?'> Does the CXCL12/CXCR4
axis control the first wave of spermatogenesis,
events in normal adult homeostasis, or the
extraordinary events that relate to trans-
plantation assays in which whole cohorts of
germline depletion create an artificially bar-
ren epithelium? What is the role of the altern-
ate CXCLI12 receptor CXCR?7 in creating the
chemokine gradient?

Important information comparing human
and rodent models is outstanding that will
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help us understand whether the triggers
for SSC differentiation at the onset of
spermatogenesis immediately after birth
are common to events in the human when
spermatogonia first appear in fetal life.
This knowledge will indicate whether the
factors underpinning development of car-
cinoma in situ that prevent normal germ-
line differentiation can be used to drive
therapeutic differentiation of cells that
would otherwise become carcinogenic in
testis cancer patients. The potential to
offer hope to infertile men who have stem
cells but do not make sperm will be
enriched by a better understanding of the
critical signals from the SSC niche which
allow these cells to be sustained and to
multiply.
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