
 

Fruitfly sperm cells reveal intricate
coordination in stem cell replication
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The hub cells provide self-renewal signals and anchor the two stem cell
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populations of the testis niche, the somatic cyst stem cells (CySCs) and the
germline stem cells (GSCs). GSC divisions to produce gonialblast (Gb) daughters
exhibit delayed completion of cytokinesis, resulting in GSC-Gb pairs remaining
attached for a significant amount of time. Our results indicate that this delay may
serve to coordinate the production of CySC and GSC daughter cells to ensure the
correct association of one Gb with two somatic cyst cells. The formation of this
functional unit of differentiation is absolutely required for the production of
sperm. Credit: Stephen DiNardo, PhD, and Kari F. Lenhart, PhD, Perelman
School of Medicine at the University of Pennsylvania; Developmental Cell

Stem cells are key for the continual renewal of tissues in our bodies. As
such, manipulating stem cells also holds much promise for biomedicine
if their regenerative capacity can be harnessed. However, understanding
how stem cells govern normal tissue renewal is a field still in its infancy.

Researchers at the Perelman School of Medicine at the University of
Pennsylvania are making headway in this area by studying stem cells in
their natural environment in an organism. Stem cell populations reside in
areas called niches deep within different types of organs. Scientists think
that these niches control stem cell behavior, that is "telling" the stem cell
when to produce more stem cells or when to produce daughter cells that
will be the workhorses for that tissue or organ. In addition, many niches
contain different stem cell types, each necessary to produce the distinct
types of cells needed for tissue renewal. But how the production of
daughter cells from the different stem cell types is coordinated within a
single niche is virtually unknown.

Stephen DiNardo, PhD, a professor of Cell and Developmental Biology
and Kari F. Lenhart, PhD, a postdoctoral scientist in the DiNardo lab,
study the development of fruit fly sperm as a model to investigate the
stem cell-niche. In this case, the niche residing at the tip of the testis is
the site of stem cell divisions, which are critical to produce daughter
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cells that later become sperm.

DiNardo and Lenhart showed that the division of these stem cells is
regulated at the final stage of replication, called cytokinesis, right before
the two daughter cells separate. What's more, the timing of that
separation is controlled by neighboring stem cells in the niche. This
striking finding shows that regulation of cytokinesis is how this niche
coordinately produces daughter cells from different stem cell types. The
work was published online in advance of the July 27th print publication
of Developmental Cell.

Seeing is Discovering

In the fruitfly testis niche, previous studies have shown that different
stem cell types had to coordinate with each other. If their respective
functions were uncoupled from each other, by mutation for example, the
testis could not make sperm. Such coordination is an emerging theme in
many tissue niches. For example, in both the blood-cell-producing and
the hair-follicle niches, different stem cell types need to coordinate their
individual production. But, how does such coordination come about?
This is where the well-studied fruitfly testis comes in.

"Using high-power microscopy, we can watch individual cells and follow
along with how they replicate in real time," says Lenhart. "That led us to
discover something about cytokinesis in the stem cells. Normally,
cytokinesis is such a fundamental cellular process that it proceeds
virtually identically in all cells; but here something very odd was
happening."

Through live imaging, they found that a ring comprised of the protein
actin forms between the two daughter cells to block cytokinesis from
proceeding. The duration of the block is controlled by another enzyme.
"We have found a way by which cytokinesis is temporarily halted and
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later started back up, and this phenomenon coordinates all cell players in
the maturation of sperm cells in this niche," says DiNardo. They also
found that a non-sex cell needs to wrap itself around the sperm stem cell
to promote theses final steps of cytokinesis

Step by Step

Two types of stem cells exist in the fruit fly testis: One whose fate is to
produce a daughter cell that matures into a full-fledged sperm cell and a
daughter that stays as a stem cell (otherwise, in each division the tissue
would lose a stem cell and quickly exhaust its capacity for renewal), and
a second stem cell type that is a somatic, or non-sex, stem cell that
similarly produces a daughter that stays as a stem cell, and another
daughter that matures into a protective cell that flanks the maturing
sperm cell in an encysting process. To complete the picture, two such
somatic protective cells surround each maturing sperm cell, and those
encysting somatic cells send signals to the sperm cell on how and when
to mature.

"Without those signals —no sperm—that's why the niche has to
coordinate production from both stem cell types," explains Lenhart.

Researchers thought that the division of stem cells were coordinated to
generate this trio of cells, but Lenhart found this wasn't the case at all. It
was known from other studies that the sperm cell's halt in division could
last much longer than expected-up to 15 hours - compared to other types
of dividing cells, which typically take only two hours to complete
division into two daughter cells. The Penn work added an understanding
of how that delay is established and why it might exist.

She found that the cytokinesis step in replication of the sperm stem cell
is normal, up to a point. The typical contractile ring, a temporary
structure that physically squeezes the two daughter cells apart, gets
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dismantled as expected, but a new ring made of actin forms in its place.
This actin ring stops the daughters from separating.

Eventually this block is reversed, the actin ring breaks down, and
division is completed. She found that the "when" of cytokinesis
completion is regulated by the flanking somatic cells. "We don't yet
know if this type of coordination and control works in stem cell niches
of other tissue types," says DiNardo. "However, with the capability to
image live cells in the process of dividing, stopping, and then continuing
to divide, under different conditions, the fruit fly system allows us to
understand the steps necessary in this very basic process of cell biology."

Moving forward, the DiNardo lab is looking for stem cell niches in other
types of tissues to see if this exquisite control also exists there.
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