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Cytostatic factor (CSF) after a century’s search

February 2, 2006 - The signal for embryonic development to begin is given within
seconds after a fertilizing sperm fuses with an oocyte, but what prevents the egg
from jumping the gun and starting a solo developmental program before the sperm
has arrived? This question is an old one: in 1911, Frank Lillie asserted that “The
nature of the inhibition that causes the need for fertilization is a most fundamental
problem.” In the early 1970s, Masui and Markert showed that the division of cells in
embryonic frogs could be stopped by injecting cytoplasm from an unfertilized egg.
They concluded that the activity responsible for this developmental arrest includes a
“cytostatic factor” (CSF) that prevents oocytes from dividing prematurely, but the
molecular identity of CSF has remained enigmatic ever since. Studies have
suggested a plethora of CSF candidates, including Mos and Emil, but results have
been inconclusive and the search has continued.

Twelve hours earlier, this 4-cell
mouse embryo had just two cells.
One of these had been injected
with oocyte cytoplasm (containing
fluorescent mitochondria so that
it's easier to see). In the frog,
this classic experiment causes the
injected cell to stop dividing due
to a long-sought CSF. The result:
a 3-cell embryo. But the embryo
above has 4-cells - the
experiment doesn't work very
well in the mouse, requiring Shoji
et al. to develop a novel approach
to identifying mouse CSF.

Now, in an article published in the EMBO Journal, Shisako Shoji and colleagues from
the Laboratory of Mammalian Molecular Embryology (Tony Perry; Team Leader)
report that the classical experiment of Masui and Markert does not hold entirely true
in mice, despite the fact that over the years its findings in amphibians had become
firmly established frogma. Prompted by this incongruity, the team developed an
alternative approach to the problem, one that utilized RNA interference (RNAI) to
remove selected oocyte transcripts and proteins, allowing them to attack the
problem systematically on a molecule-by-molecule basis. Surprisingly, depletion of
the previous CSF candidates Emil or Mos had little or no effect. But when they
knocked down the oocyte component, Emi2, they found that oocytes clearly
progressed through the cell cycle without arresting at meiotic metaphase Il (mll),
the phase in which the mature oocyte normally remains prior to its activation at
fertilization. When the group looked more closely at older, non-manipulated oocytes,
they found that Mos almost entirely disappeared autonomously, even though the
oocytes remained at mll; RNAi was not necessary.

The group found that Emi2 is necessary not only to establish mll arrest, but also to
sustain it. Emi2 removal causes cell cycle progression with unexpected embryonic
degeneration, suggesting that it links the meiotic cell cycle with cytokinesis (cell
division, which in this case occurs asymmetrically to produce a single cell embryo
plus a second polar body). Following this thread, Shoji et al. next showed that Emi2
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works through Cdc20, an adaptor of the anaphase promoting complex (APC). The
APC is a multiprotein complex that works by blocking the activity of the cyclin-
containing kinase (MPF), whose presence is ultimately responsible for maintaining
the state of mll arrest prior to fertilization. It appears that Emi2 arrests the oocyte
at mll by inhibiting the degradation of MPF, and that it achieves this by binding to
Cdc20.

The team then looked at both parthenogenetically activated oocytes and those
activated by fertilization and found that MPF was eliminated in a Cdc20-dependent
manner. “This is probably the first formal demonstration that the signaling
responsible for MPF ablation has molecular components common to both
parthenogenesis and fertilization,” Perry notes, “which is reassuring given the
application of parthenogenetic activation in nuclear transfer and other current
research.”

If, as the findings of Shoji et al. indicate, Emi2 is indeed the long-sought CSF in
mammals, a new question arises: How does fertilization cause the inactivation of
Emi2? Answers to this question promise to shed light not only on mechanisms in
fertilization but carcinogenesis as well, since tantalizing new evidence is beginning to
suggest that the two processes are linked.



