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A new job for ancient extracellular matrix proteins

Hemicentins stabilize cleavage furrows
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nteractions between  extracellular

matrix (ECM) proteins and trans-
membrane receptors mediate changes in
cell shape during cell migration, adhe-
sion, differentiation and polarization.
Cytokinesis is the final step in cell divi-
sion as cells employ a contractile ring
composed of actin and myosin to parti-
tion one cell into two. During the parti-
tion process, an invagination in nascent
membrane forms a new extracellular
space called the cleavage furrow. Despite
the dramatic changes in cell shape dur-
ing cytokinesis, existing models include
no role for the ECM. In a recent paper,
we show that hemicentins assemble in
the cleavage furrow of C. elegans germ
cells and mouse embryo blastomeres.
Hemicentin depletion results in mem-
brane destabilization, cleavage furrow
retraction and cytokinesis failure. The
data suggest that hemicentins and other
ECM proteins stabilize the cleavage fur-
row during cytokinesis of multiple cell

types.

The extracellular matrix (ECM) is an
organized meshwork of glycoproteins
and proteoglycans that provides a struc-
tural context and regulatory signals to
growing cells to help pattern the four-
dimensional development of complex tis-
sues. Interactions between the ECM and
cytoskeleton, mediated by transmembrane
receptors, regulate cell and tissue shape
and are critical for nearly all aspects of
development.! Although extensive modi-
fication in cell shape occurs during cyto-
kinesis, no role for cell-ECM interactions
have been incorporated into detailed mod-

els of the cytokinesis process.?
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In a recent paper, we show that hemi-
centins, large highly conserved extracel-
lular matrix proteins, assemble in the
cleavage furrow of dividing mouse blasto-
meres and C. elegans germ cells. In both
cell types, loss of hemicentin results in
membrane instability, cleavage furrow
retraction and multinucleate cells.*

Genetic analyses in C. elegans and
zebrafish suggest that hemicentin func-
tions as an extracellular adhesive, form-
ing anchorages that hold cells together
and maintain tissue integrity.>* For
example, hemicentin assembles into line-
shaped structures between somatic cells
in C. elegans, forming cell-ECM-cell
“sandwiches” that anchor uterus, mecha-
nosensory neurons and intestine to the
epidermis. Hemicentin also co-assembles
with fibulin-1D to form flexible elas-
tic fiber-like structures that are 7-9 pm
long and extend from anterior pharynx
to surrounding bodywall muscle” In the
absence of hemicentin several cell anchor-
ages fail with catastrophic consequences.
For example, defects in hemidesmosome
mediated anchorages that anchor the
uterus to epidermal tissue result in uter-
ine detachment and prolapse through the
vulva’

Is there a simple model that can accomo-
date the adhesive and elastic functions of
hemicentin in somatic tissues and the func-
tion of hemicentin in cytokinesis? In both
cases, hemicentin may promote assembly
of cytoskeletal structures in the cell cortex
through interactions with an integrin, dys-
troglycan and/or syndecan, transmembrane
glycoproteins that have been implicated in
cytokinesis (Fig. 1).5"' It is possible that
hemicentins assemble at the leading edge
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Figure 1. Hemicentins assemble in the cleavage furrow. Schematic diagram of hemicentin (green) in the incomplete cleavage furrow of a conventional
cell (e.g., mouse blastomere, top) and a syncytial germ cell of the C. elegans gonad (bottom). An expanded view (box 1) shows a simple model in which
hemicentin (green) assembles as an elastic ring around the periphery of the cleavage furrow leading edge. An unconventional model (box 2) shows
hemicentin in a distal position from the leading edge of the cleavage furrow. Hemicentin polymers may be assembled perpendicular to the membrane,
linking the two cellular products of cytokinesis, a distribution that is more consistent with the role of hemicentins as elastic connectors between so-
matic cells in C. elegans. Also shown are nuclei (black circles) contractile rings (red circles) and putative transmembrane receptors (brown lines).

of the cleavage furrow, forming an elastic
band around the periphery that stabilizes
and prevents retraction of the cleavage fur-
row. In this scenario, hemicentin polymers
would most likely assemble parallel to the
membrane at the leading edge of the cleav-
age furrow, although other arrangements
are also possible (Fig. 1).

An alternative and less conventional
model is that hemicentins may assemble
perpendicular to membrane slightly distal
to the leading edge of the cleavage fur-
row where it might form stabilizing links
that connect the two cellular products of
cytokinesis as they are forming (Fig. 1). In
this orientation, hemicentins could hold
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the membranes between the two cells at
a fixed distance, thereby stabilizing the
shape of the nascent cleavage furrow.
Although there is little or no direct evi-
dence for it, this type of arrangement may
be worth contemplating since it is consis-
tent with the distribution and function
of hemicentin as an extracellular linker
between different somatic cell types.
Since the ECM is an interdependent
network of glycoproteins and proteo-
glycans it is quite likely that hemicentin
interacts with other ECM components
to perform its function in membrane
stability. It is possible that proteoglycans
and other secreted and transmembrane
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glycoproteins collaborate with hemicen-
tin and may substitute for hemicentin to
promote cleavage furrow stability in cells
that do not express hemicentin and organ-
isms without a hemicentin ortholog.'*'¢
However, it should be pointed out that the
role of hemicentins appears to be distinct
from that of some extracellular proteogly-
cans and polysaccharides that appear to
stabilize the cleavage furrow by providing
osmotic support, a role that is consistent
with the function of proteoglycans in
forming hydrated gels that promote tis-
sue expansion and provide resistance to
compressive forces in diverse tissues (e.g.,
cartilage). Future studies are likely to shed
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light on how hemicentins and other ECM
components stabilize and promote the
dramatic changes in cell shape that occur
as one cell is cleaved into two.
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