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Abstract

The eukaryotic cell plasma membrane is tightly connected
to the underlying cytoskeletal network. When this close
association is disrupted, the overlying plasma membrane
detaches from the cortical actin and bulges out due to
intracellular hydrostatic pressure-driven cytosolic fluid
and lipids flow resulting in the formation of spherical,
blister-like protrusions called blebs. Membrane blebs have
been observed during normal biological and
pathophysiological conditions including apoptosis,
cytokinesis, and embryogenesis and cancer metastasis.
Cell migration via membrane blebbing is fundamentally
different from the lamellipodial-based mesenchymal
migration that is characterized by actin filament
polymerization. The aim of this review is to provide a
general overview of the concept of plasma membrane
blebbing. How cells utilize membrane blebs for motility as
well as recent findings on the molecular regulators of bleb
formation is discussed. A description of different
processes and conditions in which membrane blebbing is
utilized is also highlighted.
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Abbreviations

DAPK:  Death-associated  protein  kinase;  DNA:
Deoxyribonucleic acid; Dnd: Dead end protein; ECM:
Extracellular matrix; FHOD1: Formin homology 2 domain
containing 1; FMNL1: Formin-like protein 1; ERM: Ezrin,
radixin, moesin; GAP: GTPase-activating protein; GEF:
Guanine nucleotide exchange factor; LPA:
Lysophosphatidic acid; MAT: Mesenchymal amoeboid
transition; PIP2: phosphatidylinositol 4,5-bisphosphate;
PGCs: Primordial germ cells; ROCK: Rho-associated coiled-
coil kinase; SDF: Stromal cell-derived factor.

Introduction

The eukaryotic cell plasma membrane and the underlying
actin cytoskeleton are tightly connected by linker proteins,
particularly the ERM (ezrin, radixin, and moesin) family
proteins, and this tight connectivity is critical for overall
cellular integrity and signal transduction between the
intracellular and extracellular compartments of the cell [1,2].
When the plasma membrane-cortex association is perturbed,
the membrane gets detached from the actin cortex at the
point of perturbation leading to the formation of
hemispherical, blister-like herniation’s called blebs [3]. Plasma
membrane blebs are free of cellular organelles [4], and their
formation is attributed to either the depletion of the
membrane-cortex linker proteins which results in weakening of
adhesion between the membrane and the underlying actin
cytoskeleton or a local breakage of cortex due to actomyosin
contraction [5,6]. Membrane blebs usually appear and
disappear asynchronously and haphazardly in a cyclical fashion
within a very short interval of time [7]. Cell blebbing is a crucial
event observed in both in vivo and in vitro settings in several
biological processes including cytokinesis, cell spreading,
apoptosis, embryogenesis and cell migration in mammals and
other lower organisms [6,8-10]. Although, membrane blebs in
migrating cells are analogous to, and serve similar purpose as
other plasma membrane structures such as lamellipodia,
filopodia, podosomes and invadopodia which are formed by
polymerization of actin filaments [11-14], their formation is
independent of actin polymerization. Similarly, cell migration
via plasma membrane blebbing is not dependent on
proteolytic degradation of the matrix in that the cells only
squeeze through pre-existing orifices in three-dimensional
matrices [15,16].

Cellular plasma membrane blebbing is an old phenomenon
that dates back to the late 1910s when it was first observed in
fibroblasts treated with solutions of different osmotic
conditions [17]. It was later observed in cultures of newt
tissues during mitosis [18]. Although observed for a very long
time in different cell types [19,20], blebbing migration was not
given much attention as focus was mainly on the lamellipodial-
based migration which was considered the primary mode of
cell migration. Over the past decades, blebbing has been
associated with, and viewed only to be a hallmark of apoptosis
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during which dynamic blebs form at the execution phase of
programmed-cell death [21]. Interestingly, bleb formation is
also observed during necrosis during which cells are exposed
to noxious environmental insults such as acute oxygen levels,
deficient ATP (energy) levels and reactive oxygen species (free
radicals) [22,23]. It is imperative to note that whereas bleb
formation in both normal healthy cells and apoptotic cells is
triggered by actomyosin contractility, necrotic blebs are not
only bigger in size, their formation is independent of
actomyosin contractility, but by ion influx. Similarly, whereas
blebs in healthy and apoptotic cells dynamically expand and
retract, necrotic blebs never retract their membranes [23].

Life cycle of cellular bleb

The life cycle of a cellular bleb involves the following phases:
bleb nucleation (initiation), expansion, stabilization and
retraction [24] (Figure 1).
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N J

Bleb nucleation

Bleb formation is initiated by two mechanisms both of
which could be triggered by extracellular stimuli such as
experimental techniques involving two-photon laser ablation
of cortical actin resulting in actomyosin-powered contractility
of the actin cortex thereby creating a weaken cortex-
membrane interaction [25]. This eventually leads to the
detachment of the plasma membrane from the underlying
cortex [10]. In the second mechanism, following actomyosin
contractility, the actin cortex itself collapses, permitting
cytosolic fluid and lipid to flow through the ruptured cortex
and bulges the plasma membrane outwards giving rise to
blebs [26]. A bleb forms during nucleation if a portion of the
detached plasma membrane grows to a threshold size that is
critical for blebbing, and this critical size is determined by
cytoplasmic pressure, membrane tension and adhesion energy
between the membrane and cortex [7].
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Bleb expansion (Growth)

Bleb expansion, which is also refer to as the growth phase of
the bleb cycle, persists for approximately between 5-30
seconds, and is caused by the generation of hydrostatic
pressure in the cytoplasm due to actomyosin contractility
thereby pulling out the plasma membrane from the actin
cortex [2,22]. Apart from membrane delamination, bleb
growth and expansion can also occur by the opening of
creases on the plasma membrane from their original folded
conformation via mechanisms not yet fully understood. [22].
The bleb becomes enlarged in volume as cytosolic fluid and
lipid flow through the bleb neck into the bleb resulting in an
increase in the surface area of the bleb [24]. The growth of
blebs, unlike other cellular protrusions such as lamellipodia
and filopodia is mediated by cytoplasmic pressure instead of
polymerization of actin filaments, and an expanding bleb lacks
actin cortex [27].

The mechanism(s) of cellular bleb growth is still under
intense investigation. However, different models have been
recently postulated to explain the how blebs grow and expand.
One of such models is the coarse-grained model which
proposed that the intracellular hydrostatic pressure generated
in a porous elastic cytoplasm is produced by the action of a
contractile gel-like actomyosin cortex, and that bleb expansion
requires a threshold tensional force since the plasma
membrane is resistant to distortion. Expansion of plasma
membrane bleb would be impossible if the tensional force that
exists at the cortex is below the threshold, irrespective of
cortex rupture or weakened membrane-cortex adhesion [3,6].
On the other hand, when the threshold tensional force is
exceeded, there is a corresponding increase in the size of blebs
with rising tensional force [6]. A second model proposed for
cellular bleb expansion is a mathematical computer-based
approach that uses simulations to delineate the molecular
mechanisms that regulate bleb formation and expansion
[28,29]. This model adopted a holistic approach that
investigated the individual contributions of the cytoplasm,
cortex, cell membrane and cortex-membrane interaction
(adhesion energy) to bleb formation and expansion. Unlike the
coarse-grained model that gives only petite details about the
molecular regulators of cellular blebbing, the computational
model not only has the advantage of unraveling the cellular
mechanics, but also gives a better insight into cellular bleb
expansion at the molecular level [28,30]. A particle-based
model that was previously proposed by using computer
simulations showed that when the surface area of the plasma
membrane is greater than that of the cortex, then cellular bleb
formation and expansion is enhanced [29]. Similarly, by
considering parameters such as matrix geometry and ECM
adhesiveness, an agent-based model was recently utilized to
investigate the dynamics of cell blebbing, and it was reported
that the cytoplasmic pressure which drives the expansion of a
cellular bleb is evenly distributed spatially [31].

Bleb stabilization

Bleb expansion gradually subsides as the rate of actomyosin
contractility-dependent fluid and lipid influx becomes
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inadequate to sustain a continuous growth [32]. Thus, an
expanding bleb gets to a stable point (bleb stabilization) before
retracting their membranes [33].

Bleb retraction

Bleb retraction is preceded by reassembly of actin cortex
beneath the bleb membrane. Although, the mechanisms
responsible for the actin assemblage beneath the bleb
membrane which subsequently results in bleb retraction are
not clearly understood, it could be that there is occurrence of
de novo polymerization of actin filaments by yet undiscovered
actin nucleators, or that during the expansion phase, the bleb
membrane might harbour very minute microscopically
unnoticeable pieces of actin from the previous cortex, thus,
giving rise to actin cortex repolymerization, an event that
heralds the commencement of bleb retraction [34]. Plasma
membrane bleb retraction is accompanied by successive
events of protein recruitment. The first of such proteins to be
recruited to the bleb membrane is ezrin, a member of the ERM
(ezrin, radixin and moesin) membrane-cortex linker proteins
[1,32]. Next, in a manner independent of ezrin recruitment
and reassembly, there is the recruitment to bleb membrane of
actin filaments, and this is finally followed by the sequential
recruitment of tropomyosin, a-actinin and motor proteins,
especially myosin 1l [32,34]. The bleb is then retracted by the
newly formed cortex towards the cell body [10]. However, the
fate of the bleb cortex upon full retraction to the cell body is
not yet clearly understood. Retraction is the slowest phase of
the bleb life cycle, and could last up to two minutes [7].

Plasma membrane blebbing is of great significance as it
provides cell biologists the opportunity to investigate key
mechanical parameters of the cell. Firstly, the detachment of
the plasma membrane from the underlying cortical actin is
being exploited to determine the strength of bonding between
membrane and the cortex; on the other hand, cortex rupture
itself can be exploited to investigate the tensional force
created along the cortex, and finally, the fluxes of fluids and
lipids during cellular blebbing has made it possible to study the
flow of these cytosolic contents during blebbing [22].

Molecular regulators of plasma membrane
bleb formation

The mechanisms used by cells to detect the sites of
membrane bleb formation are not fully understood. However,
it could involve the activity of mechanosensitive
transmembrane ion channels which are able detect a breach in
the integrity of the cortex-membrane interaction and this
results in the generation of intracellular signalling cascades
[34]. Different molecular regulators of plasma membrane and
cytoskeletal dynamics have been delineated. It is known that a
fragile interaction between the plasma membrane and actin
cortex due to deficiency in actin polymerizing proteins such as
filamin [24], talin [35] and depletion of membrane-cortex
linker proteins such as the ERM (ezrin, radixin, moesin)
proteins are factors largely responsible for the formation of
plasma membrane blebs in different cell types [16,25] [36-38].

© Copyright iMedPub

2017

Vol.1 No.2:6

The 50 nm2 pum thick actin cortex is a critical cytoskeletal
component that lies beneath the plasma membrane and is
mainly composed of actin filaments, contractile myosin Il and
actin-binding proteins. These actin-binding proteins play very
crucial roles in mesenchymal-based cell migration through
their involvement in the formation plasma membrane
protrusions such as lamellipodia, filopodia, lobopodia and
invadosomes (invadopodia and podosomes) which are utilized
by cells in migration and invasion both in physiological
processes and in pathological conditions [14,39]. In some
cases, these actin polymerization-driven  membrane
protrusions could either act alone or synergistically to drive
cell migration [40]. There is an inverse relationship between
actin polymerization and plasma membrane bleb formation in
that accumulation of actin polymerizing proteins is
antagonistic to bleb formation as these proteins strengthen
the interaction between the plasma membrane and the
cortex. For instance, A375 melanoma cells deficient of the
actin polymerizing protein, filamin, were reported to exhibit
constitutive plasma membrane blebbing [32,41], suggestive of
the converse correlation between actin filament
polymerization and plasma membrane blebbing.

Formation of plasma membrane blebs, whether during
apoptosis or in other biological processes is believed to be
initiated by actomyosin contractility, and this contractile
machinery itself is regulated by Rho- and ROCK-mediated
phosphorylation of myosin light chain which phosphorylates
myosin 1l [42,43]. This results in an upsurge in global and local
hydrostatic pressure and subsequently, inflation of newly
formed blebs [6,44]. The Rho family of small GTPases including
Rho, Rac and Cdc42 are chief regulators of membrane ruffles
and protrusions in different cells [39], [45-48]. These proteins
usually switch between an active GTP-bound state mediated
by guanine nucleotide exchange factors (GEFs) and an inactive
GDP-bound state which is mediated by GTPase-activating
proteins (GAPs) [49,50]. In response to platelets-derived
growth factor (PDGF) stimulation, Racl can promote the
formation of lamellipodia in fibroblasts [51] through direct
interaction with SRA1 and WAVE], two crucial constituents of
the SCAR/Wave Regulatory Complex (WRC), and the resultant
effect is the opening up in WAVE1 of a VCA (verprolin, cofilin
and acidic homology) motif which causes Arp2/3 complex to
be activated, leading to polymerization of actin monomeric
units [52]. Through different signalling pathways, Cdc42 is
involved in both mesenchymal, elongated, lamellipodial-based
cell migration and plasma membrane bleb formation. In
melanoma cells, DOCK10 act as a GEF, activating Cdc42 which
signals through N-WASP and Pak2 to mediate rounded
amoeboid movement reminiscent of blebbing migration [53].
Although different reports have implicated RhoA in
mesenchymal elongated migration [50], it is now believed that
the GTPase together with the other small Rho GTPases (RhoB
and RhoC) can all activate downstream effector ROCK which is
a main trigger of actomyosin contractility resulting in plasma
membrane blebbing [47], [54-57]. ROCK triggers actomyosin
contractility either by directly activating myosin light chain via
phosphorylation or by inactivation via phosphorylation of the
regulatory subunit of myosin phosphatase, MYPT1 [48,58].
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RhoA and its downstream effector ROCK have been shown to
be stimulated by nocodazole-induced depolymerization of
microtubules which resulted in membrane blebbing in T cells
[59]. Interaction of p27(kip1), the inhibitor of the cyclin/cyclin-
dependent kinase complexes with RhoA resulted in the
inhibition of the latter. Consistent with this, downregulation of
p27(kipl) levels resulted in mesenchymal-to-amoeboid
transition (MAT) with a corresponding plasma membrane
blebbing [60]. The Rho GTPase-activating protein (GAP),
FilGAP, specifically acts as a GAP towards Rac, antagonising
lamellipodia formation and cell spreading mediated by Rac
[61]. Consistent with this role, overexpression of FilGAP
induced plasma membrane blebbing in a ROCK-dependent
manner, while downregulation of endogenous FilGAP activity
resulted in Rac-mediated mesenchymal morphology in
carcinoma cells [62,63].

The Death-associated protein kinase (DAPK) is a serine/
threonine cytoskeletal kinase whose activity is regulated by
calcium and calmodulin [64]. This kinase plays opposing roles
in plasma membrane blebbing, and might probably function in
a cell type-specific manner. Upon overexpression, DAPK
stimulated the phosphorylation of myosin light chain to induce
membrane blebbing in different cell types [34], [65-67]. On the
contrary, in response to hydrogen peroxide activation of the
ERK pathway, DAPK phosphorylates tropomyosin-1 to
positively regulate the formation and stabilization of stress
fibres thereby inhibiting plasma membrane blebbing [68].

The cell-cell adhesion molecule, E-cadherin, stimulates Racl
to induce polymerization of actin filaments resulting in
forward migration via lamellipodial membrane protrusions
[69]. Interestingly, E-cadherin mediated cell-cell adhesion was
reported to be required for plasma membrane blebbing
induced by aE-catenin and ezrin depletion in zebrafish.
According to this proposition, cells in the external layer
become increasingly adhesive as a result of increased E-
cadherin levels, and this subsequently resulted in weakening
of the membrane-cortex interaction [37].

The involvement of lipid signaling molecules in plasma
membrane blebbing has been extensively studied in different
cell lines [33], [70,71]. It was recently reported that the lipid
signalling phospholipase D2 (PLD2) but not PLD1 signals
through the versatile intracellular second messenger,
phosphatidic acid in a mechanism that involves the
lysophosphatidic acid receptor (LPAR)-ROCK signalling pathway
to mediate plasma membrane blebbing in human
fibrosarcoma HT1080 cancer cell line [33]. In a similar vein, the
LPAR-ROCK axis was implicated in ATP-induced blebbing of
osteoclasts [72]. In Dictyostelium cell, plasma membrane
blebbing was observed following delocalization of
phosphatidylinositol  3,4,5-triphosphate (PIP3) from the
membrane in response to microtubule depolymerisation [71].
Depletion of PIP2 levels in human umbilical vein endothelial
cells (HUVEC) significantly enhanced fixation-induced blebbing,
suggestive of the role of PIP2 in stabilizing the membrane-
cortex interaction [70]. PIP2 was reported to stimulate the
activity of the ERM proteins, and consistent with this, loss of
PIP2 activity correlated with detachment of the membrane
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from the actin cortex [73,74]. How PIP2 exert its effect on
cytoskeletal dynamics is not clearly understood, however, the
second messenger may function in a cell type-specific manner
in that inhibition of PIP2 activity was unable to prevent actin
filaments repolymerization during retraction of blebs in
filamin-deleted cells [32].

There are ample reports on the involvement of formins in
plasma membrane blebbeing. Transfection of cells to
overexpress the scaffolding protein, diaphanous-interacting
protein (DIP), showed that the protein interacts with and
negatively regulates the activity of the formin mDia2, leading
to plasma membrane blebbing [75]. This demonstrates the
role of mDia2 as a membrane-cortex linker protein that
prevents the dissociation of the plasma membrane from the
cortex, thus, stabilizing the actin cortex. A similar membrane-
cortex stabilizing role was attributed to the overexpression of
another formin, FHOD1 (FH2 domain-containing protein 1) in
that only a decrease in the size of plasma membrane blebs
resulting from ROCK signaling was observed, whereas bleb
numbers was elevated [76]. However, contrary to the
aforementioned bleb-inhibiting roles of the formins, in a
manner dependent on its N-terminal myristoylation but not on
ROCK signalling, the formin-like protein 1 (FMNL1) induced
plasma membrane blebbing [77], nonetheless, the molecular
mechanisms of FMNL1-induced membrane blebbing need to
be fully elucidated. Overexpression of constitutively active
Met, fluorescent Met as well as stimulation of Met/hepatocyte
growth factor signalling pathway resulted in plasma membrane
blebbing in various cell lines including MDA-MB-231 breast
cancer and HEK293 cells [78], invasive Moloney-sarcoma-virus-
transformed Madin-Darby canine kidney (MDCK MSV-MDCK-
INV) cells [79] and small cell lung cancer cells [80]. Stimulation
with substance P, a neurokinin 1 receptor (NK1R) agonist, of
HEK293 cells and U373MG astrocytoma cells overexpressing
the receptor resulted in dynamic non-apoptotic blebbing
[81,82].

Another protein that was reported to be critical for
induction of membrane blebbing is Dead end (Dnd) [25]. This
protein binds RNA and promotes mRNAs translation by down-
regulating microRNA activity [83]. Knockdown of this protein in
primordial germ cells of zebrafish resulted not only in
reduction of actomyosin contractility-mediated plasma
membrane blebbing, but also strengthens membrane-cortex
interaction by up regulating the levels of the membrane-cortex
linker protein, Annexin A5b [25].

Bleb polarization and migration

It has been established that plasma membrane blebs are
initiated by dissociation of the plasma membrane from the
actin cortex. However, insights on how the blebs get polarized
to the leading edge and subsequently translocate from one
point to another are still very rudimentary. An increase in
contractility of the membrane-cortex interaction with its
resultant effect of weakening the integrity of this interaction at
the leading edge of the cell, due to, for example, stimulation of
cells with a chemoattractants such as cyclic AMP and folate
[84] might be a reason for polarization and bleb-based
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migration, as observed in zebrafish germ cells [24,85]. A
possible explanation for the waning membrane-cortex
interaction could be that the ERM proteins which link the
membrane and cortex [1] may be more concentrated at the
cell rear thereby giving rise to dissociation of the membrane
from the underlying cortex at the leading edge as evidenced in
migrating Walker carcinoma cells [86,87].

Similarly, the leading edge may have more concentration of
myosin molecules which generate more contractile force at
this region than the cell rear, and this may result in local
rupture of the actin cortex [26,88]. Increased intracellular
calcium has been shown to precede blebbing in zebrafish germ
cells and this generated the contractile force needed for
cortex-membrane detachment, and subsequently, blebbing
migration [85]. In addition to having more myosin
concentration, the leading edge of blebbing cells is more
pliable and younger than the cell rear, so blebbing mainly
occurs at the front rather than the rear of the cell [22].
However, in some cases, during blebbing migration, myosin
motors can be found both at the cell front [86] and rear [89].
Similarly, in some tumor cells, ROCK1, which mediate
actomyosin contractility localizes to the trailing edge of
migrating cells [90].

Usually, cell motility requires application of force by the cell
body on the underlying substratum and this cause a change in
the position and direction of the cell. In lamellipodial-based
migration, the trailing edge first undergoes contraction; this is
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then linked together with interaction occurring between the
underlying ECM and lamellipodia. In contrast, how cells
migrate from one point to another via blebbing is not clearly
understood. It is speculated that there might be some forms of
weak interactions between focal adhesions and the ECM on
one hand, and with neighboring cells on the other hand,
thereby propelling the cell to migrate by blebbing [22,91].
Such focal adhesions having connected to the ECM and the
forming actin cortex, permit not only contraction of the cell
rear but also cause the detachment of the cell-ECM
interaction, and this subsequently leads to translocation of the
cell mass [92]. Similarly, a cell may translate blebbing into
migration through a process called chimneying which is
independent of matrix adhesion and occurs either in 2D or 3D
environment where a cell becomes flattened, and migration is
achieved by applying a force perpendicular to the ECM [24,93].
Unlike other membrane protrusions driven by actin
polymerization, blebs can grow and expand from different
directions of a cell [24] and in some cases of migrating cells,
bleb retraction is not observed, rather, secondary blebs grow
from existing ones [42,94]. Because blebbing is independent of
matrix proteolysis, lesser energy is required for blebbing
motility than lamellipodial-based mesenchymal migration [95].
Cells migrating via blebbing exhibit more plasticity which
makes them to conform more quickly to the silhouette of their
microenvironment, as the blebs are devoid of cortical actin as
well as possess reduced membrane-cortex linker proteins at
the leading edge [24] (Figure 2).
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Figure 2 Utilization of blebbing migration by cancer cells.
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Blebbing in biological processes

Blebbing and apoptosis: Apoptosis is a form of programmed
cell death which is crucial for growth and development of
tissues and organs [96]. It is a normal homeostatic mechanism
healthy cells use to get rid of defective and unwanted cells
[97], and to prevent abnormal and excessive cell proliferation
[98]. The execution phase of apoptosis is usually mediated by
caspases and is associated with shrinkage of cell, DNA
contraction, nuclear disintegration, and dynamic plasma
membrane blebbing [97]. Although, membrane bleb formation
is a commonly observed feature in apoptotic cells, and has
been regarded as a hallmark of programmed cell death, not all
cells undergo membrane blebbing during apoptosis, suggestive
that it is not a general phenomenon [99,100]. It is not clear
what roles blebbing plays in an apoptotic cell. However, it has
been shown that membrane blebs are involved in trapping

© Copyright iMedPub

damaged cytosolic and membrane contents thereby providing
a mechanism of resistance against injury-induced cell lysis and
death [101]. Apoptosis-triggered exposure of bleb membrane
proteins act as chemoattractants that help in recruitment of
immune cells to site of damage [102]. Blebs aid in nuclear
fragmentation during apoptosis because the presence of
compressed chromatin and other cellular organelles lodged in
the blebs help facilitates disintegration [22,99].

Blebbing and cell spreading: Spreading cells display
dynamic plasma membrane blebs [103,104]. Cell spreading,
just like cellular blebbing, is observed in biological processes
such as cell migration, cell division and embryogenesis [9]. It
involves interaction of cell with underlying substratum, and
this interaction is positively regulated by membrane blebs in
that blebs increase the surface area of adhesion of cells to
their substrates thereby enhancing spreading [95]. However, in
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contrast, in endothelial cells subjected to chemical and
osmotic perturbation, decreased blebbing activity correlated
with increased cell spreading, an effect attributed first, to
multiple attachment and retraction dynamics of bleb and then
to the delay in lamellae formation in blebbing cells [9].

Blebbing and cell migration: Cell migration through three-
dimensional matrices was initially thought to be mediated
primarily through the famed mesenchymal migration mode
which is characterized by lamellipodia and filopodia formation.
There is now ample evidence that different cells including
Dictyostelium [105,106], immune cells [107,108] and tumour
cells [33,47,109] migrate on flat surfaces or travel through 3D
structures [10] by using membrane blebbing. It is also known
that Walker carcinoma cell lines can migrate not only on 3D
structures but also on 2D using blebbing [5,92]. In the context
of cancer, the plasticity of metastatic cancer cells poses a great
challenge in the treatment of the disease condition in that the
cells are unaffected by anti-tumour agents, as they can switch
between lamellipodial- and bleb-based motility [47,110]. In
some cases, a cell migrating via blebbing does not totally
exclude the possibility of utilizing the mesenchymal mode of
migration that is associated with lamellipodia formation. For
instance, cooperativity between actin-driven pseudopods and
membrane blebs during chemotaxis of Dictyostelium has been
reported [84]. Similarly, both blebs and lamellipodia are
utilized during gastrulation of prechordal plate precursor cells
of zebrafish in an alternating manner, and these membrane
protrusions were found at different points of the leading edge
on the cell membrane [36]. However, the more a cell bleb, the
lesser the lamellipodia, and vice versa, and this is attributed to
the differences in the mechanisms of the formation of these
two membrane protrusion types [111].

Blebbing and cytokinesis: Blebbing is observed during cell
division [112,113], particularly around the cleavage furrow
probably due to disruption of interaction between plasma
membrane and cortical actin at polar regions [22]. The exact
role of blebs in cytokinesis remains obscure, however, it was
speculated they might contribute to formation of actin cortex
which enhances surface area increase, a process that is
needed for cytokinesis itself [22,24].

Blebbing and embryogenesis: During  embryonic
development in different organisms, primordial germ cells
(PGCs) first undergo different kinds of modifications [114]
before leaving their site of specification and migrate to a
distant site to meet the gonad where differentiation into eggs
and sperms takes place [85]. These cells migrate by polarized
bleb formation mediated by actomyosin contraction that is
dependent on calcium accumulation at the leading edge [85].
In a similar vein, PGCs from Drosophila melanogaster and
zebrafish migrate by blebbing in response to stromal cell-
derived factor 1, SDF-1 [24,85]. Motile progenitor cells of
zebrafish during gastrulation use a combination of blebs and
lamellipodia to migrate [115]. Recently, a form of blebbing
called ‘stable blebbing’ was described in zebrafish embryos.
The blebs in these cells were unique in that they exhibited
exceptional migratory speed and persistence [116].
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Blebbing and viral entry: There are now ample evidences
that some viruses, rather than using micropinocytosis [117],
can enter their host organisms using blebbing. For instance, it
has been reported that kaposi’s sarcoma herpesvirus (KSHV)
induced cytoskeletal reorganisation, and enter their target
host, human dermal microvascular endothelial cells (HMVEC)
by utilizing blebbing as a mechanism [118].

Conclusions

In general, the mode of migration a cell adopts at any given
point is largely determined by the surrounding environment.
While some cells migrate using single protrusion type [85,119],
others exhibit plasticity, making interconvertibility of
migration modes possible. Most cancer cells have defied
protease inhibitors which were designed to target the
conventional mesenchymal migration as a result of their ability
to switch from lamellipodia to bleb formation (mesenchymal-
amoeboid transition, MAT) and this makes them to escape
unperturbed through the pores of the ECM [15]. Over the past
decades, extensive studies both at the cellular and molecular
levels have been carried out to explain regulatory mechanisms
underpinning plasma membrane blebbing, and these have
broadened our current knowledge of the topic. These studies
have impressive attempts at unraveling some molecules and
signaling pathways contributing to cell blebbing. However, the
actual cascade of events resulting from interactions of these
molecules among themselves and with other pathways
remains obscure and rudimentary, and thus requires detailed
investigation. It has been shown that different cells do bleb,
and that tumor cells mainly utilize it as an alternative
migration mode in the extracellular matrix, however,
knowledge of how blebbing translates into propelling a cell to
migrate from one point to another in different environments is
lacking. The guiding cues as well as how blebs orient
themselves towards these cues during migration also require
further investigation.
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