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ELK has been implicated in a large

variety of functions. Because its
level is elevated in cancer tissues and it
is involved in cell proliferation, MELK is
considered as a potential therapeutic tar-
get for cancers. In a recent, study we have
shown that MELK is involved in cytoki-
nesis in early Xenopus laevis embryos.
MELK dynamically accumulates at the
cell cortex including a narrow band cor-
responding to the presumptive division
furrow shortly before cytokinesis onset.
MELK co-localizes and interacts with
anillin an important regulator of cytoki-
nesis. In addition, MELK overexpression
interferes with accumulation at the cleav-
age furrow of activated Rho GTPase
another crucial regulator of cytokinesis.
Interestingly, our study also revealed
that a transition implying a change in the
direction of asymmetric furrow ingres-
sion occurs during early development.
After this transition, MELK, as well as
other proteins involved in cytokinesis,
do not localize anymore as a band at the
equatorial cortex but still localizes at the
cell cortex. Our results indicate that cor-
tical localization is an important feature

of MELK in X. laevis embryos.

MELK is a serine/threonine protein
kinase originally identified in Xenopus
oocytes and embryos as Eg3,' and later
in the mouse? due to its specific expres-
sion pattern in early embryos. MELK was
shown to be involved in the control of cell
proliferation,>*
inhibition of spliceosome assembly,® hae-

regulation of apoptosis,®
S i« cell divisions®
matopoiesis,’ asymmetric cell divisions

and cell cycle® Although MELK has
been implicated in such a large variety
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of biological processes, its precise func-
tion remains elusive. In cancer tissues, it
was shown that MELK level is dramati-
cally increased and could be beneficial to
tumoral cells.” In agreement with this
view, MELK activity was found to inhibit
apoptosis in breast cancer cells’ This
lead to the proposal that MELK could be
a therapeutic target for several types of
cancer.t>112

MELK  expression is precisely con-
trolled during the cell cycle in two ways.
Firstly, the kinase is expressed in cells
engaged into the cell cycle, but its amount
decreases to undetectable levels in cells
that have left the cell cycle to differenti-
ate.”” Secondly, in cycling cells, MELK
mRNA and protein levels fluctuate dur-
ing the cell cycle with a moderate increase
during mitosis."'*' Interestingly, a corre-
lation was established between high levels
of MELK and the malignancy grade in
brain tumors.!*> Moreover, high levels
of MELK were also associated with poor
prognosis in breast cancer.'® Thus MELK
appears also to be an important prognosis
marker for some cancers.

To extend our understanding of the
role of MELK, we studied it in Xenopus
laevis oocytes and embryos where MELK
expression, phosphorylation and activity
are tightly controlled."”*® In our recent
study, we discovered that MELK regulates
cytokinesis in early embryos."” Cytokinesis
is the process by which a mother cell
divides into two topologically distinct
daughter cells. Cell membrane ingression
is mediated by an actomyosin-based con-
tractile ring, the assembly and constric-
tion of which are orchestrated by the small

GTPase RhoA. Both knockdown and
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Figure 1. MELK localization in epithelial cells of Xenopus gastrula embryos. (A) Indirect immunofluorescence with anti-MELK antibodies. Endogenous
MELK is detected at the cell cortex in interphase cell (arrowhead) and further accumulates at the cell cortex at the metaphase to anaphase transition
(m: metaphase, a: anaphase). The yellow line on the scheme at the bottom indicates the position of the confocal plane relative to the cell surface. DNA
(blue) which is situated more profoundly in the cells was merged with overlaying MELK signal. (B and C) The mRNA coding for GFP tagged MELK inac-
tive mutant (GFP-MELK K/R) which does not induce cytokinesis failure was microinjected in an embryo at the two cell stage and GFP-MELK K/R was
followed in a live gastrula embryo. Two confocal planes taken at the same time are shown. GFP-MELK K/R is localized at the cell cortex of interphase
cells (i: interphase cell, arrowhead in b and c) and further accumulates at the cell cortex in cytokinetic cell (cyt). Note that the apical domain of the
cytokinetic cell is beginning its division whereas its baso-lateral membrane is already divided. * and ** indicate the two forming daughter cells to
facilitate analysis of the original figure and the related scheme at the bottom.

overexpression of Xenopus MELK lead
to abortive divisions in embryos indicat-
ing that MELK must be finely-tuned for
cytokinesis to be completed. In agreement
with a role in cytokinesis, shortly before its
onset the endogenous MELK accumulates
as a band at the equatorial cortex which
ultimately ingresses and forms the cyto-
kinetic furrow. This band appears very
similar to the previously described local-
ization of active RhoA in Xenopus early
embryos.”® A dynamic re-localization of
MELK occurs at the cell periphery and
equatorial cortex shortly before cytokine-
sis. Using a FRET-based probe, we found
that MELK cortical localization correlates
with xMELK' conformational rearrange-
ment. Furthermore, MELK overexpression
leads to concurrent cytokinesis failure and
impaired accumulation of active Rho at
the division site, which could explain abor-
tive cytokinesis. Interestingly, xMELK
co-localizes with anillin, a crucial cyto-
kinetic protein at the equatorial cortex.
Moreover, the two proteins can be co-
immunoprecipitated. At present the role
of this association is unknown. However
because anillin interacts with several
molecules  controlling  cytokinesis, a
plausible hypothesis is that MELK phos-
phorylates an anillin-interacting partner.
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Unexpectedly, the localization of MELK
at the equatorial cortex as well as other
cytokinetic proteins like actin, myosin
heavy chain and active Rho but not anillin
is regulated during development. Indeed,
MELK does not accumulate at the equa-
torial cortex in gastrula embryos. This
change appears to be correlated with the
cell size considerably decreasing during
embryo cleavage. In addition, an inver-
sion of asymmetric furrowing occurs dur-
ing this period. This leads to asymmetric
furrow progression from basal to apical
cortex in embryo epithelial cells that have
passed the transition in the cytokinesis
mode (Fig. 1). The role of asymmetric fur-
rowing is unknown, but it is encountered
in divers organism including worm and
ascidian embryos?** as well as MDCKII
cells cultured in vitro.* In the latter case,
the asymmetric furrowing proceeds from
the basolateral side towards the apical
domain. This indicates that asymmetric
furrowing is not only specific to embryo
and was conserved through evolution. This
in turn may suggest that it could have an
important function remaining, however,
to be elucidated. After the transition in
the cytokinesis mode, MELK accumulates
at the cell cortex during the metaphase to
anaphase transition (Fig. 1la), similarly
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as in human cells.”® Thus, MELK cor-
tical localization is correlated with the
metaphase to anaphase transition, which
supposes that it may be related to spindle
assembly checkpoint. Interestingly, a sub-
stantial amount of endogenous MELK is
localized at the cell cortex also in inter-
phase cells and mitotic cells until meta-
phase (arrowhead in Fig. 1A). Similarly,
GFP-MELK fusion protein localizes at
the cell cortex during interphase (arrow-
heads in Fig. 1B and C). Therefore, when
considering the cortical localization, two
MELK pools can be distinguished: an
interphasic MELK (iMELK) and a mitotic
MELK (mMELK). This suggests that in
cycling cells MELK could also have an
important role during interphase. During
mitosis, mMELK, by increasing the
global MELK amount at the cortex may
reinforce the action of iMELK, if iIMELK
and mMELK have the same substrate(s).
However, mMELK and iMELK may
phosphorylate different protein(s) and
thus may have distinct functions dur-
ing the cell cycle. Undoubtedly, it will
be critical to identify MELK substrate(s)
to understand its role. How the cortical
localizations of iMELK and mMELK are
regulated is linked to another intriguing
question of how cells can manage the two
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MELK populations. It seems likely that
phosphorylation of MELK, which appears
complex because of the large number
of identified sites phosphorylated in
vivo'®2%?” may have a role in such mecha-
nism. When cells exit mitosis, the MELK
level localized at the cortex returns to the
interphase level. Interestingly, an abrupt
degradation of approximately 50% of
MELK in mitotic cells occurs specifically
upon mitotic exit.!” It will be interesting
to determine if upon mitotic exit mMELK
is targeted to degradation whereas IMELK
level remains stable. The understanding
how MELK is regulated, will contribute
to define MELK function during the cell
cycle. This knowledge may be valuable for
future studies on the use of MELK as a
therapeutic target.
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