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Cell adhesion and mechanics as drivers of tissue
organization and differentiation: local cues for large
scale organization
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Introduction

Biological patterns emerge through specialization of
genetically identical cells to take up distinct fates according to
their position within the organism. How initial symmetry is
broken to give rise to these patterns remains an intriguing open
question. Several theories of patterning have been proposed,
most prominently Turings reactiondiffusion model of a slowly
diffusing activator and a fast diffusing inhibitor generating
periodic patterns. Although these reactiondiffusion systems
can generate diverse patterns, it is becoming increasingly
evident that cell shape and tension anisotropies, mediated via
cellcell and/or cellmatrix contacts, also facilitate symmetry
breaking and subsequent self-organized tissue patterning. This
review will highlight recent studies that implicate local changes
in adhesion and/or tension as key drivers of cell
rearrangements. We will also discuss recent studies on the role
of cadherin and integrin adhesive receptors in mediating and
responding to local tissue tension asymmetries to coordinate
cell fate, position and behavior essential for tissue selforganization and maintenance.
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Cellcell and cellmatrix adhesions are linked to the contractile actomyosin cytoskeleton. Classical cadherin receptors mediate adhesive binding
to cadherins presented on the surfaces of neighboring cells to promote cellcell adhesion. Integrins bind to extracellular matrix proteins to mediate
cellmatrix adhesion. Both adhesive systems mechanically couple to the actomyosin cytoskeleton through cytoplasmic multi-adaptor complexes
and regulate its organization and contractility.
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Figure 2
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Adhesion and cell mechanics-dependent
mechanisms of symmetry breaking and patterning. Cell shape and tension anisotropies can be
generated both locally or on the tissue scale to break symmetries and generate tissue patterns. (a) Cell sorting can occur on the basis of
differential cell adhesion, cortical tension or repulsive signaling. A common denominator is that all these mechanisms locally maximize differences
in interfacial energies to generate tissue internal boundaries. (b) Cell division is capable of generating tension asymmetries to promote cell
intercalation, to generate interphases with reduced tension or to specifically position daughter cells based on their differential cortical tension. (c)
Cell repositioning through delamination has been shown to be triggered by tissue-scale stresses such as strain anisotropy, crowding and
topological defects.
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Model of how adhesion rearrangements trigger mechanosignaling through cell shape changes. In light of recent data we propose a simple model
on how force anisotropy - triggered adhesion rearrangements result in cell fate regulation. As both cellcell adhesions (in green) and cellmatrix
adhesions (in orange) couple to the actomyosin (in red) and intermediate filament (in green) cytoskeletons, they balance the contractile forces of
the cytoskeleton. Force anisotropies within a tissue represent a symmetry breaking event leading to dynamic adhesion rearrangements, distorting
the adhesion force and actomyosin contractility equilibrium. Changes in adhesion forces, ligand-bound adhesion molecules and available adhesive
surfaces lead to changes in cell shape and contractility, directly impacting also the shape of the nucleus. All of these factors individually, but
possibly also as an integrated signal, impinge on (a) activity of mechanosensitive signaling molecules, (b) nuclear import through regulation of the
nuclear pore, and (c) direct effect of mechanical signals on chromatin accessibility and gene expression resulting in changes in cell fate/state.

Current Opinion in Cell Biology 2018, 54 :8997

www.sciencedirect.com

Adhesion mechanics

Concluding

remarks

in tissue patterning

Wickstro¤m and Niessen

7.

Heisenberg CP, Bellaiche Y: Forces in tissue morphogenesis
and patterning . Cell 2013, 153 :948-962.

8.

Sun Z, Guo SS, Fassler R: Integrin-mediated
mechanotransduction
. J Cell Biol 2016, 215 :445-456.

9.

AM T: The chemical basis of morphogenesis
Lond Ser B: Biol Sci 1952, 237 :37-72.

95

. Philos Trans R Soc

10. Hadjivasiliou Z, Hunter GL, Baum B: A new mechanism for
spatial pattern formation via lateral and protrusion-mediated
lateral signalling . J R Soc Interface 2016, 13 Nov 13 pii:20160484.
11. Kornberg TB: A path to pattern . Curr Top Dev Biol 2016, 116 :551567.
12. Fagotto F: Regulation of cell adhesion and cell sorting at
embryonic boundaries . Curr Top Dev Biol 2015, 112 :19-64.
of tissues by dissociated cells.
13. Steinberg MS: Reconstruction
Some morphogenetic tissue movements and the sorting out of
embryonic cells may have a common explanation . Science
1963, 141 :401-408.
14. Brodland GW: The differential interfacial tension hypothesis
(DITH): a comprehensive
theory for the self-rearrangement
of
embryonic cells and tissues . J Biomech Eng 2002, 124 :188-197.
15. Krieg M, Arboleda-Estudillo Y, Puech PH, Kafer J, Graner F,
Muller DJ, Heisenberg CP: Tensile forces govern germ-layer
organization in zebrash . Nat Cell Biol 2008, 10 :429-436.
16. Maitre JL, Berthoumieux H, Krens SF, Salbreux G, Julicher F,
Paluch E, Heisenberg CP: Adhesion functions in cell sorting by
mechanically coupling the cortices of adhering cells . Science
2012, 338 :253-256.

Conicts

of interest

17. Canty L, Zarour E, Kashkooli L, Francois P, Fagotto F: Sorting at
embryonic boundaries requires high heterotypic interfacial
tension . Nat Commun 2017, 8:157.
This elegant paper carefully dissects the contribution of cortical tension,
differential adhesion and repulsive signals in controlling boundary formation in early Xenopus laevis development. The results identify a crucial
role for repulsive signals that interfacial tension at fast developing tissue
boundaries mediated by repulsive signals. The authors propose that
cortical tension and differential adhesion may be more important to
initiate boundary formation and drive active rearrangements that segregate cells.

statement

Acknowledgements

References

and recommended

reading

Papers of particular interest, published within the period of review,
have been highlighted as
of special interest
of outstanding interest
1.

2.

Chiasson-MacKenzie C, McClatchey AI: Cell—cell contact and
receptor tyrosine kinase signaling . Cold Spring Harb Perspect
Biol 2017. Jul 17 pii: 029215.

18. Cerchiari AE, Garbe JC, Jee NY, Todhunter ME, Broaders KE,
Peehl DM, Desai TA, LaBarge MA, Thomson M, Gartner ZJ: A
strategy for tissue self-organization
that is robust to cellular
heterogeneity and plasticity . Proc Natl Acad Sci U S A 2015,
112 :2287-2292.
19. Bedzhov I, Zernicka-Goetz M: Self-organizing properties
mouse pluripotent cells initiate morphogenesis
upon
implantation . Cell 2014, 156 :1032-1044.

of

20. Yu W, Datta A, Leroy P, OBrien LE, Mak G, Jou TS, Matlin KS,
Mostov KE, Zegers MM: Beta1-integrin orients epithelial
polarity via Rac1 and laminin . Mol Biol Cell 2005, 16 :433-445.
21. Tseng Q, Duchemin-Pelletier E, Deshiere A, Balland M, Guillou H,
Filhol O, Thery M: Spatial organization of the extracellular
matrix regulates cell—cell junction positioning . Proc Natl Acad
Sci U S A 2012, 109 :1506-1511.

Niessen CM, Leckband D, Yap AS: Tissue organization by
cadherin adhesion molecules: dynamic molecular and cellular
regulation . Physiol Rev 2011,
mechanisms of morphogenetic
91 :691-731.

22. Burute M, Thery M: Spatial segregation between cell—cell and
cell—matrix adhesions . Curr Opin Cell Biol 2012, 24 :628-636.

3.

Rubsam M, Broussard JA, Wickstro¤m SA, Nekrasova O, Green KJ,
coordinate
Niessen CM: Adherens junctions and desmosomes
mechanics and signaling to orchestrate tissue
morphogenesis
and function: an evolutionary perspective .
Cold Spring Harb Perspect Biol 2017. Sep 11 pii:029207.

23. Mertz AF, Che Y, Banerjee S, Goldstein JM, Rosowski KA,
Revilla SF, Niessen CM, Marchetti MC, Dufresne ER, Horsley V:
intercellular adhesions organize epithelial
Cadherin-based
cell—matrix traction forces . Proc Natl Acad Sci U S A 2013,
110 :842-847.

4.

Legate KR, Wickstro¤m SA, Fassler R: Genetic and cell biological
analysis of integrin outside-in signaling . Genes Dev 2009,
23 :397-418.

5.

Naba A, Clauser KR, Ding H, Whittaker CA, Carr SA, Hynes RO:
The extracellular matrix: tools and insights for the omics"
era . Matrix Biol 2016, 49 :10-24.

6.

Lecuit T, Yap AS: E-cadherin junctions as active mechanical
integrators in tissue dynamics . Nat Cell Biol 2015, 17 :533-539.

www.sciencedirect.com

24. Kawaguchi K, Kageyama R, Sano M: Topological defects
control collective dynamics in neural progenitor cell cultures .
Nature 2017, 545 :327-331.
This paper shows that at high densities neuronal stem cells show nematic
behavior resembling a liquid crystaline patterning with topological defects
controlling long range organization and dynamic behavior of neuronal
progenitors, which mimc in vivo organization. Together with [40 ] the
results suggest that in vivo tissues physically behave like active matter to
organize themselves.
Current Opinion in Cell Biology 2018, 54 :8997

