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CELL MIGRATION

Five step of cell migration 



RHO GTPASES REGULATE ACTIN FILAMENTS AND

CYTOSKELETAL ORGANIZATION. 

Cdc42 generally controls the cell 

polarity and the formation of 

filopodia and nascent focal 

complexes (shown as yellow dots). 

Rho influences cell adhesion 

assembly and maturation, in assembly and maturation, in 

addition to controlling stress fiber 

formation and contractile activity. 

Rac1 primarily controls actin

assembly and adhesion in the 

lamellipodium. 





Regulators of endocytosis aberrantly expressed in human 

tumours









DIVERSITY OF TUMOR INVASION MECHANISM



PLASTICITY IF TUMOR INVASION MECHANISM



HOW TO MEASURE INVASION/MIGRATION?







CATEGORIZATION OF RHO

� The Rho family of GTPases belong to the superfa

mily

named ‘Ras-like’ proteins, which consists of over 

150 

varieties in mammals. varieties in mammals. 

� Rho proteins sometimes denote some members of 

the Rho family (RhoA, RhoB, and RhoC), and som

etimes 

refers to all members of the family. 

� In mammals, the Rho family contains 20 member

s. 

� Almost all research involves the three most com

mon members of the Rho family: Cdc42, Rac1 and 



RHO FAMILY

� Identification of the Rho family of GTPases began in the mid 1980s. 

� The first identified Rho member was RhoA, isolated serendipitously in 1985 from a low stringency cDNA screening.

� Rac1 and Rac2 were next identified in 1989 followed by Cdc42 in 1990. 

� In mammals, the Rho family is thus made of 20 members distributed into eight subfamilies : Rho, Rnd, RhoD/F, RhoH, Rac, Cdc42, RhoU/V and RhoBTB.

� The spatial zones of rho activation was explained (2006, Bement et al.).

� The front-runners in rho protein research, compiled evidence, � The front-runners in rho protein research, compiled evidence, 

which showed that it is not only fibroblasts that formed 

processes based on rho activation, but virtually all eukaryotic cells. (1998, Dr. Alan Hall)

� Rho GTPase activity is primarily associated with the formation of stress fibers and contractile bundles; its activity influences myosin li

ght chain kinase (MLCK), which in turn, causes increased myosin activity and contraction.

� RhoA effector, Rho kinase (aka ROCK), is necessary for focal adhesion

maturation and myosin-II based contraction in fibroblasts.

� ROCK activity also promotes rapid neurite outgrowth through stabilization of lamellipodial and filopodial membrane protrusions and 

maturation of adhesion sites. 



RAC

� Rac GTPase activity is primarily associated with actin dyna
mics and actin-based structures in the lamellipodium. 

� Rac associates with enzymes (e.g. PIP5-kinase) that produce 
secondary signaling molecules such as PIP2, which in turn bi
nds directly to several actin-regulating proteins to modulate 
their activities. their activities. 

� Rac GTPase activity also stimulates Arp2/3 cpx-mediated 

assembly of actin filaments through the WAVE family of 

NPFs ; however, this activity can be altered to drive filopodia
and growth cone collapse. Rac1 is activated by integrin-ECM 
binding and Rac1 activity is required for the initial formation 
of integrin-dependent adhesions in growth cone lamellipodial
and filopodial protrusions. 



CDC42

� Cdc42 is an important organizer of filopodial dynamics that uses 
divergent and separate signaling events to control filopodia

activity and growth cone turning. 

� Cdc42 frequently initiates actin assembly via the Arp2/3 complex 
and WASp. Although Cdc42 appears to be critical for determining 
cell polarity, Cdc42 activity is redundant in certain contexts. cell polarity, Cdc42 activity is redundant in certain contexts. 

� For instance, genetic deletion of Cdc42 abolishes filopodia in 

primary mouse embryonic fibroblasts, but not in embryonic stem 
cell-derived fibroblastoid cells. 

� Several other Rho GTPases (e.g. TC10, Rac1, Chp, Wrch-1, RhoD, 

Rif) also induce filopodium formation through similar effector

systems when activated. 



REGULATOR OF RHO

� Three general classes of regulators of rho protein signaling ha
ve been identified: 
� guanine nucleotide exchange factor (GEFs)

� GTPase-activating proteins (GAPs)

� guanine nucleotide dissociation inhibitors (GDIs). 

� GEFs control the release of GDP from the rho protein and 

the replacement with GTP. GAPs control the ability of the the replacement with GTP. GAPs control the ability of the 

GTPase to hydrolyze GTP to GDP, controlling the natural 

rate of movement from the active conformation to the inactive 

conformation. GDI proteins form a large complex with the rho 

protein helping to prevent diffusion within the membrane and 

into the cytosol, thus acting as an anchor and allowing for very 

specific spatial control of rho activation.



REGULATION OF RHO GTPASE ACTIVITY

� Rho GTPases cycle between inactive GDP-bound and active G
TP-bound conformations; 
� Activation state is controlled by GAPs, GEFs, and GDIs. 

� GTP-binding also influences the cellular localization of the Rho GTPas
es, with the GDP-bound state existing solely in the cytoplasm due to t
heir association with GDIs. 

� Cellular signals (e.g. growth factors) influence the activity of 

GEFs at the plasma membrane, which in turn, catalyze the GEFs at the plasma membrane, which in turn, catalyze the 

exchange of GDP for GTP on Rho GTPases, thus promoting 

their activation. 

� Although Rho GTPases form homophillic dimers in both the GTP- /

GDP-bound state, homodimerization of only the GTP-bound form 

causes a significant increase in GTPase activity. 

� The Rho GTPases stimulate actin filament assembly by helping the

WASp family overcome their inhibition in cooperation with 

membrane phospholipids such as phosphatidylinositol 4,5-bis-phospha
te (PIP2).



EFFECTOR OF RHO

� Each Rho protein affects numerous proteins downstream, 

all of which have roles in various cell processes. 

� In fact, over 60 targets of the 3 common Rho GTPases

have been found.have been found.

� Two molecules that directly stimulate 

actin polymerization are the Arp2/3 proteins. 



TISSUE VALIDATION COULD BE CONFIRMATIVE

VALIDATION STEP FOR ARBITRARY ISSUES

Rho in breast ca?

-ER interaction

-ErbB2 interaction-ErbB2 interaction



Coexpression of ER and Rho



No relation of ErbB2(SISH) and Rho (Red)



MORPHOLOGY OF CELL MOTILITY

� Rho help cells regulate changes in shape throughout their life-cycle.

Before cells can undergo key processes such as budding, mitosis, or 

locomotion, a certain degree of polarity is required. A ‘polar’ cell is one that 

has some sort of shape or direction rather than existing as an amorphous, 

symmetrical shape. For instance, an amoeba becomes polar when it 

undergoes locomotion and travels from one point to another.

� Rho GTPases' role in cell polarity is seen in the much-studied yeast cell. 

Before the cell can bud, Cdc42 is used to locate the region of the cell’s Before the cell can bud, Cdc42 is used to locate the region of the cell’s 

membrane which will begin to bulge into the new cell. When Cdc42 is 

removed from the cell, the cell’s outgrowths still form but form in an 

unorganized manner.

� One of the most obvious changes to cell morphology controlled by Rho 

proteins is the formation of lamellipodia and filopodia, the processes that 

look like fingers or feet, which often propel cells across surfaces.

Fibroblasts form processes based on rho activation, but also virtually all 

eukaryotic cells do so as well.



LAMELLIPODIA

� The lamellipodium (plural lamellipodia) is a cytoskeletal protein actin projection on the mobile edge of t
he cell. It contains a quasi-two-dimensional actin mesh; the whole structure propels the cell across a substra
te (Alberts, et al., 2002). Within the lamellipodia are ribs of actin called microspikes, which, when they spre
ad beyond the lamellipodium frontier, are called filopodia (Small, et al., 2002). The lamellipodium is born of 
actin nucleation in the plasma membrane of the cell (Alberts, et al., 2002) and is the primary area of actin in
corporation or microfilament formation of the cell.

� Lamellipodia are found primarily in very mobile cells, in particular the keratinocytes of fish and frogs, whic
h are involved in the quick repair of wounds, crawling at a speeds of 10-20µm/minute over epithelial surface
s. A lamellipodium separated from the main part of a cell by scratching across the cell with a pipette tip can 
continue to crawl freely about on its own.

� Lamellipodia are a characteristic feature at the front, leading edge, of motile cells. They are believed to be th
e actual motor which pulls the cell forward during the process of cell migration. The tip of the lamellipodium
is the site where exocytosis occurs in migrating mammalian cells as part of their clathrin-mediated endocytiis the site where exocytosis occurs in migrating mammalian cells as part of their clathrin-mediated endocyti
c cycle. This, together with actin-polymerisation there, helps extend the lamella forward and thus advance t
he cell's front. It thus acts as a steering device for cells in the process of chemotaxis. It is also the site from w
hich particles or aggregates attached to the cell surface migrate in a process known as cap formation.

� Structurally, the plus ends of the microfilaments (localized actin monomers in an ATP-bound form) face the 
"seeking" edge of the cell, while the minus ends (localized actin monomers in an ADP-bound form) face the l
amella behind (Cramer, 1997). This creates treadmilling throughout the lamellipodium, which aids in the re
trograde flow of particles throughout (ibid.). Arp2/3 complexes are present at microfilament-microfilament j
unctions in lamellipodia, and help create the actin meshwork. Arp 2/3 can only join onto previously existing 
microfilaments, but once bound it creates a site for the extension of new microfilaments, which creates branc
hing (Weed, et al., 2000). Another molecule that is often found in polymerizing actin with Arp2/3 is cortactin
, which appears to link tyrosine kinase signalling to cytoskeletal reorganization in the lamellipodium and its 
associated structures (ibid.).

� Rac and Cdc42 are two Rho-family GTPases which are normally cytosolic but can also be found in the cell m
embrane under certain conditions (Small, et al., 2002). When Cdc42 is activated, it can interact with Wiskot
t-Aldrich syndrome protein (WASp) family receptors, in particular N-WASp, which then activates Arp2/3. T
his stimulates actin branching and increases cell motility (Small, et al., 2002). Rac1 induces cortactin to loca
lize to the cell membrane, where it simultaneously binds F-actin and Arp2/3. The result is a structural reorg
anization of the lamellipodium and ensuing cell motility (Weed, et al., 2000). Rac promotes lamellipodia whil
e cdc42 promotes filopodia (Hall 1998).



FILOPODIA

� The filopodia (also microspikes) are slender cytoplasmic projections, similar to 
lamellipodia, that extend from the leading edge of migrating cells.[1] They conta
in actin filaments cross-linked into bundles by actin-binding proteins, e.g. fimb
rin.[2] Filopodia form focal adhesions with the substratum, linking it to the cell 
surface [3]. A cell migrates along a surface by extending filopodia at the leading 
edge. The filopodia attach to the substratum further down the migratory pathw
ay, then contraction of stress fibres retracts the rear of the cell to move the cell 
forwards.

� Activation of the Rho family of small Ras-related GTPases, particularly cdc42 a
nd their downstream intermediates results in the construction of actin fibers[4]. nd their downstream intermediates results in the construction of actin fibers[4]. 
Growth factors bind to receptor tyrosine kinases resulting in the polymerizatio
n of actin filaments, which, when cross-linked, make up the supporting cytoskel
etal elements of filopodia. Rho activity also results in the activation of the phos
phorylation of the ezrin-moesin-radixin group promoting the binding of actin fil
aments to the filopodia membrane.[4]

� To close a wound in vertebrates, growth factors stimulate the formation of filop
odia in fibroblasts to direct fibroblast division and close the wound.[5] In develo
ping neurons, filopodia extend from the growth cone at the leading edge. In neu
rons deprived of filopodia by the removal of actin filaments, growth cone extens
ion continues as normal but direction of growth is disrupted and highly irregul
ar.[5] In macrophages, filopodia act as phagocytic tentacles and pull bound objec
ts towards the cell for phagocytosis.[6]



MICROFILAMENT

� Microfilaments (or actin filaments) are the thinne
st xenophobic filaments of the cytoskeleton found in t
he cytoplasm of all eukaryotic cells. These linear poly
mers of actin subunits are flexible and relatively stro
ng, resisting buckling by multi-piconewton compressi
ve forces and filament fracture by nanonewton tensile 
forces. Microfilaments are highly versatile, functioninforces. Microfilaments are highly versatile, functionin
g in (a) cell crawling, amoeboid movement, and chang
es in cell shape, where one end of the actin filament el
ongates while the other end contractile, presumably b
y myosin II molecular motors [1](though an alternative 
"actoclampin"-driven expansile molecular motors exis
ts), and (b) actomyosin-driven contractile molecular m
otors, where the thin filaments serve as tensile platfor
ms for myosin's ATP hydrolysis-dependent pulling act
ion in muscle contraction and uropod advancement.



ACTING OF FILAMENT IN CELLS

� Intracellular acting cytoskeletal assembly and disassembly are tightly regulated by cell signaling mechanisms. Many si
gnal transduction systems use the actin cytoskeleton as a scaffold holding them at or near the inner face of the periphe
ral membrane. This subcellular location allows immediate and exquisite responsiveness to transmembrane receptor act
ion and signal-processing enzyme cascades. Because actin monomers must be recycled to sustain high rates of actin-bas
ed motility during chemotaxis, cell signalling is believed to activate cofilin, an actin-filament depolymerizing protein w
hich binds to ADP-rich actin subunits nearest the filament's pointed-end and promotes filament fragmentation, with co
ncomitant depolymerization to liberate actin monomers. The protein profilin enhances the ability of monomers to asse
mble by stimulating the exchange of actin-bound ADP for solution-phase ATP to yield Actin-ATP and ADP. In most ani
mal cells, monomeric actin is bound to profilin and thymosin-beta4, both of which preferentially bind with one-to-one st
oichiometry to ATP-containing monomers. Although thymosin-beta4 is strictly a monomer-sequestering protein, the be
havior of profilin is far more complex. Profilin is transferred to the leading edge by virtue of its PIP2 binding site, and p
rofilin also employs its poly-L-proline binding site to dock onto end-tracking proteins. Once bound, Profilin-Actin-ATP i
s loaded into the monomer-insertion site of actoclampin motors (see below). Another important component in filament f
ormation is the Arp2/3 complex, which binds to the side of an already existing filament (or "mother filament"), where it 
nucleates the formation of a new actin filament and creates a fan-like branched filament network.nucleates the formation of a new actin filament and creates a fan-like branched filament network.

� In non-muscle cells, actin filaments are formed at/near membrane surfaces. Their formation and turnover are regulate
d by many proteins, including

� Filament end-tracking protein (e.g., formins, VASP, N-WASP)

� Filament-nucleator known as the Actin-Related Protein-2/3 (or Arp2/3) complex

� Filament cross-linkers (e.g., α-actinin and fascin)

� Actin monomer-binding proteins profilin and thymosin-β4

� Filament barbed-end cappers such as Capping Protein and CapG, etc.

� Filament-severing proteins like gelsolin

� pointed-End depolymerizing proteins such as ADF/cofilin

� The actin filament network in non-muscle cells is highly dynamic. As first proposed by Dickinson & Purich (Biophysica
l Journal 92: 622-631), the actin filament network is arranged with the barbed-end of each filament attached to the cell
's peripheral membrane by means of clamped-filament elongation motors ("actoclampins") formed from a filament barb
ed-end and a clamping protein (formins, VASP, Mena, WASP, and N-WASP). The primary substrate for these elongatio
n motors is Profilin-Actin-ATP complex which is directly transferred to elongating filament ends (Dickinson, Southwick 
& Purich, 2002). The pointed-end of each filament is oriented toward the cell's interior. In the case of lamellipodial gro
wth, the Arp2/3 complex generates a branched network, and in filopodia a parallel array of filaments is formed.



INTERMEDIATE FILAMENTS

� Microscopy of keratin filaments inside cells.

� Main article: intermediate filament

� These filaments, around 10 nanometers in diameter, are more stable (strongly 
bound) than actin filaments, and heterogeneous constituents of the cytoskeleto
n. Although little work has been done on intermediate filaments in plants, ther
e is some evidence that cytosolic intermediate filaments might be present,[5] an
d plant nuclear filaments have been detected.[6] Like actin filaments, they funct
ion in the maintenance of cell-shape by bearing tension (microtubules, by contr
ast, resist compression. It may be useful to think of micro- and intermediate fil
aments as cables, and of microtubules as cellular support beams). Intermediate 
ast, resist compression. It may be useful to think of micro- and intermediate fil
aments as cables, and of microtubules as cellular support beams). Intermediate 
filaments organize the internal tridimensional structure of the cell, anchoring o
rganelles and serving as structural components of the nuclear lamina and sarco
meres. They also participate in some cell-cell and cell-matrix junctions.

� Different intermediate filaments are:

� made of vimentins, being the common structural support of many cells.

� made of keratin, found in skin cells, hair and nails.

� neurofilaments of neural cells.

� made of lamin, giving structural support to the nuclear envelope.



MICROTUBULE

� Microtubules are hollow cylinders about 23 nm in diameter (lumen = 
approximately 15nm in diameter), most commonly comprising 13 prot
ofilaments which, in turn, are polymers of alpha and beta tubulin. Th
ey have a very dynamic behaviour, binding GTP for polymerization. T
hey are commonly organized by the centrosome.

� In nine triplet sets (star-shaped), they form the centrioles, and in nine 
doublets oriented about two additional microtubules (wheel-shaped) t
hey form cilia and flagella. The latter formation is commonly referred 
to as a "9+2" arrangement, wherein each doublet is connected to anotto as a "9+2" arrangement, wherein each doublet is connected to anot
her by the protein dynein. As both flagella and cilia are structural co
mponents of the cell, and are maintained by microtubules, they can b
e considered part of the cytoskeleton.

� They play key roles in:

� intracellular transport (associated with dyneins and kinesins, they tr
ansport organelles like mitochondria or vesicles).

� the axoneme of cilia and flagella.

� the mitotic spindle.

� synthesis of the cell wall in plants.



FOCAL ADHESION

� In cell biology, focal adhesions (also cell-matrix adhesions or FAs) are specific types of l
arge macromolecular assemblies through which both mechanical force and regulatory signal
s are transmitted. More precisely, they can be considered as sub-cellular macromolecules tha
t mediate the regulatory effects (e.g. cell anchorage) of extracellular matrix (ECM) adhesion 
on cell behavior.[1]

� Focal adhesions serve as the mechanical linkages to the ECM, and as a biochemical signalin
g hub to concentrate and direct numerous signaling proteins at sites of integrin binding and 
clustering.

� Focal adhesions are large, dynamic protein complexes through which the cytoskeleton of a ce
ll connects to the extracellular matrix, or ECM. They are limited to clearly defined ranges of 

� Focal adhesions are large, dynamic protein complexes through which the cytoskeleton of a ce
ll connects to the extracellular matrix, or ECM. They are limited to clearly defined ranges of 
the cell, at which the plasma membrane closes to within 15nm of the ECM substrate.[2] Focal 
adhesions are in a state of constant flux: proteins associate and disassociate with it continua
lly as signals are transmitted to other parts of the cell, relating to anything from cell motility
to cell cycle. Focal adhesions can contain over 100 different proteins, which suggests a consid
erable functional diversity.[3] They actually serve for not only the anchorage of the cell, but c
an function beyond that as signal carriers (sensors), which inform the cell about the conditio
n of the ECM and thus affect their behavior.[4] In sessile cells, focal adhesions are quite stabl
e under normal conditions, while in moving cells their stability is diminished: this is because 
in motile cells, focal adhesions are being constantly assembled and disassembled as the cell e
stablishes new contacts at the leading edge, and breaks old contacts at the trailing edge of th
e cell. One example of their important role is in the immune system, in which white blood cel
ls migrate along the connective endothelium following cellular signals and to damaged biolog
ical tissue.



FOCAL ADHESION

Morphology

� Connection between focal adhesions and proteins of the extracellular matrix generally involves integrins. In
tegrins bind to extra-cellular proteins via short amino acid sequences, such as the R-G-D sequence motif (fou
nd in proteins such as fibronectin, laminin, or vitronectin), or the DGEA and GFOGER motifs found in colla
gen. Integrins are heterodimers which are formed from one beta and one alpha subunit. These subunits are 
present in different forms, which differ in their specificity and affinity to the different ECM proteins. Within 
the cell, the intracellular domain of integrin binds to the cytoskeleton via adapter proteins such as talin, α-a
ctinin, filamin and vinculin. Many other intracellular signalling proteins, such as focal adhesion kinase, bin
d to and associate with this integrin-adapter protein-cytoskeleton complex, and this forms the basis of a foca
l adhesion.

Adhesion dynamics with migrating cells

� The dynamic assembly and disassembly of focal adhesions plays a central role in cell migration. During cell � The dynamic assembly and disassembly of focal adhesions plays a central role in cell migration. During cell 
migration, both the composition and the morphology of the focal adhesion changes. Initially, small (0.25µm²) 
focal adhesions called "focal complexes" are formed at the leading edge of the cell in lamellipodia: they consi
st of integrin, and some of the adapter proteins, such as talin and paxilin. Many of these focal complexes fail 
to mature and are disassembled as the lamellipodia withdraws. However, some focal complexes mature into 
larger and stable focal adhesions, and recruit many more proteins such as zyxin. Once in place, a focal adhes
ion remains stationary with respect to the extracellular matrix, and the cell uses this as an anchor on which 
it can push or pull itself over the ECM. As the cell progresses along its chosen path, a given focal adhesion 
moves closer and closer to the trailing edge of the cell. At the trailing edge of the cell the focal adhesion must 
be dissolved. The mechanism of this is poorly understood and is probably instigated by a variety of different 
methods depending of the circumstances of the cell. One possibility is that the calcium-dependent protease c
alpain is involved: it has been shown that the inhibition of calpain leads to the inhibition of focal adhesion-E
CM separation. Focal adhesion components are amongst the known calpain substrates, and it is possible tha
t calpain degrades these components to aid in focal adhesion disassembly[5]



CANCER AND RHO

� After finding that Ras proteins are mutated in 30% of human cancers, it was suspected that mutated Rho proteins are 

also involved in cancer reproduction, as the signaling pathways involving rho proteins are widely known to play an 

important role in cancer development. However, no mutations have been found in rho proteins, and only one has been

found to be genetically altered (2007, Ellenbroek et al). To explain the role of rho pathways without mutation, 

researchers have now turned to the regulators of rho activity and the levels of expression of the rho proteins for answers.

� One way to explain altered signaling in the absence of mutation is through increased expression. 

Overexpression of RhoA, RhoB, RhoC, Rac1, Rac2, Rac3, RhoE, RhoG, RhoH, and Cdc42 has been shown in multiple type

s of cancer. This increased presence of so many signaling molecules implies that these proteins promote the cellular s of cancer. This increased presence of so many signaling molecules implies that these proteins promote the cellular 

functions that become overly active in cancerous cells.

� A second target to explain the role of the rho proteins in cancer is their regulatory proteins. Rho proteins are very tightly

controlled by a wide variety of sources, and over 60 activators and 70 inactivators have been identified. Multiple GAPs, G

DIs, and GEFs have been shown to undergo overexpression, downregulation, or mutation in different types of cancer. 

Once an upstream signal is changed, the activity of its targets downstream, i.e. the rho proteins, will change in activity.

� Ellenbroek et al. outlined a number of different effects of rho activation in cancerous cells. 

� First, in the initiation of the tumor modification of rho activity can suppress apoptosis and therefore contribute to

artificial cell longevity. 

� After natural apoptosis is suppressed, abnormal tumor growth can be observed through the loss of polarity in 

which rho proteins play an integral role. Next, the growing mass can invade across its normal boundaries through

the alteration of adhesion proteins potentially caused by rho proteins. Finally, after inhibition of apoptosis, cell polarity and adh

esion molecules, the cancerous mass is free to metastasize and spread to other regions of the body.



SIGNALLING PATHWAYS FROM GROWTH FACTOR RECEPTOR (GFR), IQGAP
1 AND TIAM1 TO SMALL GTPASES OF THE RHO FAMILY.

� Rho GTPases including RhoA, Rac1 and Cdc42 are the key regulators of cadherin-based cel
l-cell adhesion. Rac GTPase has a central role in the maintenance of cell adhesion in epithe
lial cells since when activated it increases the accumulation of actin filaments and cadherin
to lateral walls of cells. A target of Cdc42 and Rac1 small GTPases, IQGAP1, binds directly 
to β -catenin and negatively regulates E-cadherin-mediated cell-cell adhesion by dissociatin
g α-catenin from the cadherin-catenin complex in vivo. Binding of active Rac to IQGAP1 in 
turn releases β -catenin from the complex and allows its association to α-catenin. In epitheli
al cells the mechanisms that shuttle Rac to membranes are largely unknown.

� Rac1 is recruited to cell-cell contact sites together with E-cadherin, and formation of adhesi
on induces activation of Rac1. Disruption of cadherin-based adhesion by Ca2+ chelation lead
s to translocation of Rac and E-cadherin to cytosol. Our experiments indicated that active R
ac GTPase induced accumulation of cadherin to the lateral walls in vinculin-injected MDB
s to translocation of Rac and E-cadherin to cytosol. Our experiments indicated that active R
ac GTPase induced accumulation of cadherin to the lateral walls in vinculin-injected MDB
K cells and thereby diminished the formation of polykaryons (I, II). Hence, active Rac GTPa
se clearly strengthened the assembly of cadherin-based adhesion. Inactive Rac had an oppo
site effect on cadherin recruitment, but injected vinculin still remained at lateral membran
es, supporting the view that at least part of vinculin associates directly to lipids.

� We also studied the role of Rac GTPase in the tranformation process by using src-MDCK ce
lls double transfected with Rac GEF, Tiam1 (III). In these cells Rac GTPase is always activ
ated due to Tiam1. The effecs of Tiam1 are cell-specific so that it might prevent or increase 
migration of the cells as well as promote or suppress the invasion of the cells. In our experi
ments Tiam1 increased accumulation of cadherin to the membrane at permissive temperat
ure. Similar to src-MDCK cells, stress fibres were formed at basal surface of these cells, sug
gesting that Rho GTPase is activated in both cell lines after Src activation independently of 
the activation status of Rac. 



TERMS

1. Endocytosis is the process by which cells absorb molecules (such as proteins) from 
outside the cell by engulfing it with their cell membrane. It is used by all cells of the 
body because most substances important to them are large polar molecules that 
cannot pass through the hydrophobic plasma membrane or cell membrane. 

Endocytosis pathways

Endocytosis pathways could be subdivided into four categories: namely, clathrin-mediated 

endocytosis, caveolae, macropinocytosis, and phagocytosis.[5]

1) Clathrin-mediated endocytosis is mediated by small (approx. 100 nm in diameter) vesicles that 

have a morphologically characteristic crystalline coat made up of a complex of proteins that mainly 

associated with the cytosolic protein clathrin. Clathrin-coated vesicles (CCVs) are found in virtually associated with the cytosolic protein clathrin. Clathrin-coated vesicles (CCVs) are found in virtually 

all cells and from domains of the plasma membrane termed clathrin-coated pits. Coated pits can 

concentrate a large extracellular molecules that have different receptors responsible for the 

receptor-mediated endocytosis of ligands, e.g. low density lipoprotein, transferrin, growth factors, 

antibodies and many others. 

2) Caveolae are the most common reported non-clathrin coated plasma membrane buds, which exi

st on the surface of many, but not all cell types. They consist of the cholesterol-binding protein cave

olin (Vip21) with a bilayer enriched in cholesterol and glycolipids. Caveolae are small (approx. 50 n

m in diameter) flask-shape pits in the membrane that resemble the shape of a cave (hence the nam

e caveolae). They can constitute up to a third of the plasma membrane area of the cells of some tis

sues, being especially abundant in smooth muscle, type I pneumocytes, fibroblasts, adipocytes, an

d endothelial cells.[6] Uptake of extracellular molecules is also believed to be specifically mediated vi

a receptors in caveolae.



EXAMPLE TO SAVE NEGATIVE OR ARBITRARY POINTS

� NM23

� Widely known metastasis suppressor gene

� Mostly downregulated in advanced ca

� Upregulation of nm23 in adv ca





IHC OF NM23
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