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Directional migration of cells is essential for multicellular organisms development and survival. In this review we outline

the importance of calcium signaling, and in particular store-operated calcium entry, in regulating cell migration in nomral

and metastatic cells. Interestingly, calcium signaling is polarized and differentially regulates focal adhesion and the

cytoskeleton at the front and rear ends of the cell. 
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1. Introduction

Cell migration is essential for the development of multicellular organisms and is critical for many physiological processes,

including organ development, morphogenesis, tissue repair and homeostasis, immune response and wound healing . It

is also essential for tumor metastasis to colonize remote sites, which is the main cause of death from cancers . For

adherent cells to move in a directional fashion multiple coordinated processes need to occur, including extension of

lamellipodia at the front of the cell, disassembly of focal adhesions at the rear of the migrating cell and force generation

through cytoskeleton attachments to the extracellular matrix (ECM) to pull the cell forward. These events require a

complex coordinated machinery that involves environmental cues, signaling and cytoskeleton components, as well as

focal adhesion remodeling among other mechanisms. Interestingly, many of these aspects are Ca  dependent,

highlighting the critical role of Ca  signaling in regulating cell movement.

2. Cell Migration

Cell migration is a complex coordinated process that incorporates many cellular components and responds to a plethora

of environmental cues. Typically, those environmental signals guide the directional migration of cells . For a cell to move

in a directional fashion it needs to polarize, with membrane extensions (lamellipodia) at the front end that are later

stabilized by nascent focal adhesions. Lamellipodia are driven by actin polymerization followed by attachment to the

extracellular matrix (ECM) to allow for force generation. Attachment is mediated by nascent adhesions, which further

mature through interaction with the actin cytoskeleton and myosin mediated force generation (Figure 1). At the rear of the

cell, mature focal adhesions disassemble to allow the cell body to be pulled forward thus mediating directional cell

movement . Focal adhesions are large dynamic plasma membrane-associated macromolecular assemblies that are rich

in integrins, and connect the actin cytoskeleton to the extracellular matrix . The dynamic regulation of focal adhesions is

essential for successful cell migration and is mediated by Ca  dependent assembly and disassembly cycles , as will

be further discussed below.

Figure 1. Model summarizing the polarization of various cytoskeletal and Ca  signaling components in a migrating cell.

Mature focal adhesions (FA), L-type voltage-gated Ca2+ channels (VGCC), ERM (Ezrin, Radixin and Moesin) proteins, as

well as cortical actin (Membrane Proximal Actin (MPA) are enriched at the rear end of the cell. TRPM7 and the plasma
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membrane Ca -ATPase (PMCA) are enriched at the leading edge of the migrating cell. Store-operated Ca  entry

(SOCE), which is mediated by STIM1 and Orai1 have been functionally implicated in disassembly of FA at the rear end,

as well as in refilling Ca  stores at the leading edge. See text for further details. The figure was created using

BioRender.com.

The actin cytoskeleton is vital in the regulation of focal adhesions as well as in generating the forces required for cell

migration. In that context, actin dynamics are regulated by small GTPases, including Rac1, Cdc42 and RhoA . Rac

regulates protrusive forces in lamellipodia through modulating actin formation via actin nucleation complexes such as

SCAR/WAVE and Arp2/3 . Rho, Rho-kinase and Ca /calmodulin-activated myosin-light chain kinase regulate

actomyosin fibers contraction that cause the retraction of the trailing end of the cell and its net forward movement .

Cdc42 regulates cell polarity in migrating cells through interactions with the PAR complex and the actin cytoskeleton 

.

Therefore, the actin cytoskeleton through spatially controlled cycles of polymerization and depolymerization supports

membrane deformation and force generation that are required for cell movement. In addition to the actin fibers that

crisscross the cell, cells form a shell of cortical actin bundles around their periphery. Cortical actin directly interacts with

the PM through the ERM proteins (ezrin, radixin and moesin), that associate with PtdIns (4,5) P2 at the cell membrane

through their FERM domain at one end and with actin at the other end, thus linking the PM to the actin cytoskeleton . In

addition, cortical actin counters the internal cellular pressure to regulate membrane tension, thus preventing non-specific

membrane deformation (blebbing), which impinges on cell migration . The distribution of ERM proteins in migrating

cells is polarized with enrichment in the rear of the cell  (Figure 1). In contrast, at the front of migrating cells actin is

dynamically remodeled through actin severing, nucleation and contraction . Recently, Bisaria et al. developed novel

reporters to visualize cortical actin dynamics and more specifically the outer most layer of cortical actin that links directly

to the PM, to which they refer as membrane proximal actin (MPA). They found a gradient of MPA density across the

migrating cell with high MPA at the trailing edge and membrane protrusions generated from areas with low MPA density

 (Figure 1). This low density of MPA is maintained by high cofilin activity in the front of the cell, which provides free G-

actin monomers to initiate protrusions and decrease MPA density to allow for lamellipodia extension .
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