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Coordination of mitotic axes guides morphogenesis of epithelial cysts
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Almost every eucariothic cell is polarized, and the for-
mation of tissues and organs requires the coordination
of this polarization in space and time1. Typical exam-
ples of polarized tissues are epithelia, the 60% of mam-
malian cell types being of epithelial origins. Epithelia
and epithelial-derived tissues serve to divide the organ-
ism into compartments, and are often characterized by
the presence of a central lumen or luminal network, as
observed for instance in kidney, lung, blood vessels and
mammary glands. Lumens can serve to isolate specific
functions, like in digestion, or to allow the movement of
fluids, cells or gases, and lumen dysfunctions are at the
basis of very common and often fatal human diseases, like
polycystic kidney diseases, hypertension or many epithe-
lial cancers. Despite the apparent differences between the
various epithelial tissues, the idea is arising that their for-
mation can be led by general principles, and thus there
exist common features underlying their dysfunctions2.

In order to form multicellular lumens, cells must coor-
dinate the orientation of their apical surfaces, requiring
interaction of every cell with the other cells and with
the extra-cellular matrix. Hence a first general princi-
ple must involve cell-matrix and cell-cell recognition: po-
larity proteins are key regulators of apical surface and
lumen orientation3, while sensing neighboring cells oc-
curs with a multitude of adhesion receptors. A second
general principle must involve apical-basal polarization,
spatiotemporally coordinated with neighboring cells, and
the generation of a new luminal space: mitotic spindle
axes tend to align parallel to the lumen surface4.

Inspired by this last phenomenologic observation, we
investigate if the coordination between successive mitoses
is necessary and sufficient for the formation of a central
and spherical luminal structure, as observed in physio-
logical cysts, and hence if the absence of this correlation
can lead to a multiluminal structure, observed in patho-
logical conditions like cancer and experimentally repro-
duced in cells where the spindle orientation machinery is
disrupted by targeted mutations4. We develop a simple
lattice model that simulates cystogenesis from its ear-
liest stages. In the model, cell evolution is driven by
surface tensions corresponding to different cell-cell and

cell-matrix adhesion strengths, and there are two char-
acteristic timescales, the mitotic time and the relaxation
time between two mitotic events. Depending on the ra-
tio between these two timescales there exist two possible
regimes: an equilibrium regime, in which cells can re-
lax to a global energy minimum before a new division
occurs, and an out-of-equilibrium regime. Topological
analysis of our experiments on wild-type Madin-Darby
canine kidney cells in 3d cultures shows that the physio-
logical regime corresponds to the out-of-equilibrium case.
In this regime, a mechanism of spatiotemporal correla-
tion of mitotic spindle axes is mandatory to achieve the
formation of a central hollow lumen (fig.1a), while its
absence leads to the formation of the pathological multi-
lumen phenotype (fig.1b).

Figura 1. Simulated cyst topology: (a) monolumen and (b)
multilumen configurations.
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