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Abstract 
Protein tyrosine phosphatase (PTP)-proline鄄  , glutamate鄄  , serine鄄  , and threonine鄄  rich sequence (PEST) 

is ubiquitously expressed and is a critical regulator of cell adhesion and migration. PTP鄄  PEST activity can 
be regulated transcriptionally via gene deletion or mutation in several types of human cancers or via post鄄  
translational modifications, including phosphorylation, oxidation, and caspase鄄  dependent cleavage. PTP鄄  
PEST interacts with and dephosphorylates cytoskeletal and focal adhesion鄄  associated proteins. Dephos鄄  
phorylation of PTP鄄  PEST substrates regulates their enzymatic activities and/or their interaction with other 
proteins and plays an essential role in the tumor cell migration process. 
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Review 

Protein tyrosine phosphorylation plays essential roles 
in many cellular physiological events, such as cell 
growth, division, differentiation, adhesion, motility, and 
death [1] . Aberrant regulation of protein phosphorylation 
can result in altered proteinprotein interactions, protein 
instability, and abnormal protein activity, all of which can 
lead to many human diseases, including cancer [2,3] . 

Protein tyrosine (Tyr) phosphorylation is a rever鄄  
sible, dynamic process that can be directly regulated by 
two types of antagonistic enzymes, protein tyrosine 
kinases (PTKs) and protein tyrosine phosphatases 
(PTPs). PTKs phosphorylate  proteins on tyrosine 
residues, a process that can be counteracted by PTP 
mediated dephosphorylation. The level of protein tyrosine 
phosphorylation is a result of the equilibrium reached 
between the stringently controlled activities of PTKs and 
PTPs [4,5] . 

The human genome encodes more than 100 PTPs [6] . 
On the basis of its structure and substrate specificity, the 
PTP superfamily consists of classical phosphoTyr 

specific PTPs, dualspecificity phosphatases that dephos鄄  
phorylate both phosphoserine (Ser)/phosphothreonine 
(Thr) and phosphoTyr residues in proteins, and low 
molecular weight PTPs. The classical phospho 
Tyrspecific PTP group, which comprises approximately 
40 PTPs, can be categorized into two subfamilies: 
transmembrane receptorlike proteins (RPTPs) and non 
receptor PTPs [4,7] . RPTPs are predominantly found at the 
plasma membrane, whereas nonreceptor PTPs are 
localized to various intracellular compartments, including 
the cytosol, plasma membrane, and endoplasmic 
reticulum [8] . 

PTPs have similar core structures composed of a 
central parallel 茁  sheet with flanking 琢  helices containing 
a 茁  loop琢  loop that encompasses the PTP signature 
motif. Despite their conserved structural and catalytic 
properties for phosphate hydrolysis, PTPs have sufficient 
differences in their active site pockets and their im鄄  
mediate surrounding environment to ensure substrate 
specificity. Regulatory sequences that flank the catalytic 
domain control catalytic activity by interacting with the 
residues at the active sites or by controlling substrate 
specificity [7] . 

Overview of PTP鄄  PEST 
PTPproline, glutamate, serine, and threoninerich 

sequence (PEST), which is encoded by the 
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gene and was initially cloned in 1992, is a member of 
the nonreceptor PTP subfamily [9,10] . PTPPEST contains 
780 amino acids, has a molecular  weight of 112 kDa, 
and is expressed ubiquitously in a wide variety of tissues 
and cell types. PTPPEST is located mainly in the 
cytoplasm and is highly expressed in the hematopoietic 
system, particularly in the thymus, spleen, and liver, but 
it is also found in the brain and heart. PTPPEST plays 
an essential function in early embryogenesis, and 
ablation of the  gene leads to early embryonic 
lethality. Analysis of PTPPESTnull mutant embryos 
revealed defects in the embryonic mesenchyme and 
subsequent defects in vascularization, liver development, 
and somatogenesis [11] . 

PTPPEST consists of an NH2terminal catalytic 
domain (amino acid residues 1300) and a long COOH 
terminal domain (amino acid residues 304775) (Figure 
1) [12,13] . The sequence 229IHCSAGCGRTG239 in the 
Nterminal domain of PTPPEST conforms to the highly 
conserved phosphatase signature motif (I/V)HCXAGXXR 
(S/T)G, and the cysteine residue within this motif is 
essential for its PTP activity. The large noncatalytic 
Cterminal region is rich in PEST sequences, which are 
found in many rapidly degrading proteins [14] . PTPPEST, 
however, appears to be quite stable [15] . The main function 
of the noncatalytic segment of PTPPEST is to mediate 
the interactions of PTP PEST with its substrates and/or 
adaptor proteins [16] . 

PTPPEST has important functions in cell 
spreading and migration [17] . Cell migration is a highly 
coordinated, dynamically, and precisely regulated 
multistep cyclical process involving the disassembly of 
focal adhesions at the leading edge of the cell, the 
polarization and protrusion of the leading edge followed 
by the formation and stabilization of cellsubstrate 
adhesions, the contraction of the actinbased cyto鄄  
skeleton to pull the cell body forward, and finally, the 
disassembly of adhesions at the rear region of the cell, 
resulting in the retraction of the trailing tail (Figure 2A) [1820] . 
Successive waves of protein tyrosine phosphorylation 
and dephosphorylation, in which PTPPEST plays an 
instrumental role, are essential for cell migration [17,21] . 

Cell migration is controlled by a complex signaling 
network consisting of integrins; protein kinases, such as 
the Src family kinases; focal adhesion associatedkinase 
(FAK) and prolinerich tyrosine kinase 2 (PYK2); small 
molecular weight Gproteins such as Rho, Rac, and 
Cdc42; guanine nucleotide exchange factors (GEFs) 
such as the Vav family members; and guanosine 
triphosphatase (GTPase)activating proteins (GAPs) 
such as p190RhoGAP. In addition, adaptor molecules, 
such as paxillin, p130 Crkassociated protein (p130Cas), 
and WiskottAldrich syndrome protein (WASP) and 
structural proteins such as tensin, talin, and actin are all 
involved in cell migration. Many studies have indicated 

that PTPPEST, which binds to and regulates the 
tyrosine phosphorylation of its associated proteins in the 
migration complex, acts in multiple steps of the migration 
cycle, including membrane protrusion, tail retraction, and 
the dynamic regulation of focal adhesions [2224] . PTP 
PEST can exert both positive and negative effects on 
cell migration and other cellular activities via its 
substrates and associated molecules, as indicated in a 
subsequent section (Figure 2B) [4,25] . 

PTP鄄  PEST-dependent Dephosphory鄄  
lation of Substrate Proteins in Cell 
Migration 

Regulation of FAK, PYK2, p130Cas, and 
paxillin phosphorylation by PTP鄄  PEST 

Focal adhesions are the sites of contact between 
the extracellular matrix (ECM) and the cytoskeleton via 
the integrin family of transmembrane proteins and are 
major sites of dynamic tyrosine phosphorylation and 
dephosphorylation in cells [13] . Cell migration requires 
turnover of focal adhesions [26] . Either a lack or an excess 
of adhesions can inhibit migration. 

More than 50 proteins are known to participate in 
cellECM adhesion [27] . PTPPEST, along with FAK and 
Src, is required for coordinating the dephosphorylation 
and phosphorylation of focal adhesion proteins, which is 
necessary for promoting focal adhesion turnover and 
stimulating cell migration. As key components of focal 
adhesion, FAK, p130Cas, and paxillin become tyrosine 
phosphorylated in response to the activation of the 
integrin signaling pathways. Once integrin is activated, 
FAK autophosphorylates at Y397, which triggers binding 
to the Srchomology2 (SH2) domain of Src, leading to 
Srcdependent phosphorylation on multiple residues of 
FAK and an increase in FAK kinase activity. Activated 
FAK/Src may phosphorylate the adaptor protein p130Cas 
and the scaffold protein paxillin. Regulation of tyrosine 
phosphorylation of these proteins by PTPPEST is 
involved in controlling the rate of focal adhesion turnover 
and cell migration [28] . 

PTPPEST was first implicated in focal adhesion 
regulation when p130Cas was identified as its substrate 
using a substrate trapping approach [29] . Transient 
overexpression of PTPPEST reduces the tyrosine 
phosphorylation of p130Cas stimulated by integrins and 
plateletderived growth factor (PDGF) and retards cell 
motility [2931] . PTPPEST also interacts with and dephos鄄  
phorylates paxillin [32] . The paxillinbinding site of PTP 
PEST is located in its noncatalytic domain and resides 
close to but is independent of the p130Cas binding 
site [32] , whereas the LIM 34 motifs on  the C  terminus of 
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paxillin are the binding regions for  PTPPEST [33] . It has 
been suggested that paxillin  positively regulates cell 
migration, and this effect is  inhibited by PTPPEST, 
whereas reactive oxygen  species (ROS) suppress 
PTPPEST function [34] . In  contrast, a report shows that 
the interaction between PTPPEST and paxillin, which is 
required for paxillin  dephosphorylation, is necessary for 
PTPPEST stimulation of cell migration [35] . In addition, 
the paxillin LD4 motif binds to the paxillin kinase linker 
(PKL), which is another substrate of PTPPEST. This 
PKLpaxillin interaction is required for PTPPEST to 
inhibit cell spreading and promote cell migration [35] . 

Hic5, a paralog of paxillin that shares all 11 exons 
of the paxillin gene, localizes to focal adhesions. The 
LIM 3 domain of Hic5 binds to the second of the 5 
prolinerich sequences in PTPPEST [36,37] . In addition to 
its focal adhesion localization, Hic5 shuttles in and out 
of the nucleus via a redoxsensitive nuclear export 
signal. Hic5 accumulates in the nucleus under oxidative 
conditions and participates in the transcription of the 

and  (  ) genes, and PTPPEST inhibits the 
nuclear accumulation of Hic 5 [37] . Leupaxin, a focal 
adhesionassociated adaptor protein in the paxillin 
extended family, associates with PTPPEST to regulate 
migration of prostate cancer cells [38] . 

Studies of PTPPESTdeficient fibroblasts have 
supported that PTPPEST promotes cell migration. PTP 
PESTdeficient fibroblasts exhibit elevated levels of 
tyrosine phosphorylation of p130Cas, paxillin, and FAK. 
These cells had more focal adhesions, spread faster on 
a fibronectin substrate, and displayed a strong defect in 
motility compared with their wildtype counterparts, 
thereby suggesting that PTPPEST promotes cell 
migration [22,39] . This assumption was further supported by 
the identification of FAK as a substrate of PTPPEST [40] . 
The activation of epidermal growth factor receptor 
(EGFR), HRas, or KRas results in the dephosphory鄄  
lation of the Y397 FAK autophosphorylation residue and 
the inhibition of FAK activity in several types of human 
cancer cells, leading to a reduction in the overall number 
of focal adhesions with a limited number of focal 
adhesions left at the lamellipodia, which are front leading 
edges of migrating cells  [40,41] . Rasinduced FAK Y397 
dephosphorylation is mediated by a downstream protein 
Fgd1, a GEF that activates Cdc42, which in turn 
activates the PAK1MEKERK signaling cascade. ERK 
primarily phosphorylates FAK at S910 and recruits PIN1 
peptidylprolyl cis/trans isomerases and PTPPEST, 
which primarily colocalize with FAK at the lamellipodia of 
migrating cells. PIN1 specifically recognizes phos鄄  
phorylated serine or threonine in pS/TP peptide 
sequences [42] . The binding of PIN1 to phosphorylated 
FAK S910 and the prolyl isomerization of FAK cause 
PTPPEST to interact with and dephosphorylate FAK 
Y397, leading to the dynamic turnover of focal adhesions 

in these regions. The inhibition of FAK that is mediated 
by this signal relay promotes Rasinduced cell migration, 
invasion, and metastasis [40,41] . 

PYK2 and FAK have a similar structural orga鄄  
nization with a tyrosine kinase domain flanked by 
noncatalytic domains at both the N and C termini. Both 
the major autophosphorylation site of PYK2, Y402, and 
its activation loop tyrosine residues, Y579 and Y580, are 
targeted for dephosphorylation by PTPPEST; as a 
result, the kinase activity of PYK2 is dramatically 
inhibited [16,43] . The FERM domain of PYK2 binds to the 
pleckstrin homology domain of dynamin. The dephos鄄  
phorylation of PYK2 by PTPPEST, which requires the 
GTPase activity of dynamin, leads to the reorganization 
of the actin podosome belt/sealing zone (which contains 
highly dynamic, actinrich structures and is important for 
cell attachment and for circumscribing the ruffled border 
membrane through which resorption occurs) and to a 
decrease in osteoclast boneresorbing activity [44] . In 
addition, as demonstrated by conditional deletion of 

in mice, PTPPEST dephosphorylates PYK2, 
which promotes the formation of Tcell homoaggregates 
that enhance Tcell activation, resulting in regulation of 
secondary Tcell responses, anergy prevention, and 
autoimmunity induction [45] . 

Regulation of Rho GTPase by PTP鄄  PEST 

In addition to directly regulating focal adhesion 
turnover, PTPPEST regulates Rho GTPase for the 
coupling of membrane protrusion and tail retraction 
during cell migration. Migrationretarded PTPPEST 
deficient mouse fibroblasts  have exaggerated membrane 
protrusions at the leading edge and long, unretracted 
tails in the rear that are mediated by enhanced Rac1 
activity and decreased RhoA activity, respectively [46] . 
PTPPEST inhibits Rac1 by dephosphorylating and 
reducing VAV2 activity while activating RhoA by 
dephosphorylating and inhibiting p190RhoGAP, which 
suggests that PTPPESTmediated RhoA activation and 
Rac1 suppression are required for tail retraction and 
membrane protrusion regulation, respectively. In the 
absence of PTPPEST, excessive Rac1 activity 
combined with inhibited RhoA activity perturbs the 
balance between protrusion and retraction that is needed 
for migration [46] . In addition to inhibiting Rac1 by 
dephosphorylating and reducing VAV2, PTPPEST 
inhibits Rac1 activity by interacting with paxillin. 
Phosphorylated paxillin binds to the adaptor protein CrkII, 
which, in turn, binds to an atypical Rac GEF complex, 
DOCK180/ELMO, and p130Cas to stimulate spreading 
by activating Rac1. PTPPEST binds to the paxillin C 
terminus in focal adhesions and may suppress Rac 
activation by dephosphorylating p130Cas and inhibiting 
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the activity of the Rac GEF DOCK180 [35,47,48] . 
In contrast with its role in coupling protrusion and 

retraction during cell migration, PTPPEST was detected 
in the adheren junctions of colon carcinoma cells and 
inhibited cell migration. Knockdown of PTPPEST 
causes  a disruption of cellcell junctions, which is the 
result of a defect in junctional assembly accompanied by 
increased Rac1 activity and suppressed RhoA activity [49] . 
Overexpression of PTPPEST in Chinese hamster ovary 
cells (CHOK1) impairs membrane protrusion by sup鄄  
pressing Rac1 activity , thereby inhibiting cell motility [24] ; 
this finding contradicts those reported in studies of 
PTPPESTdeficient mouse fibroblasts. 

Regulation of Src, Abl, WASP, and filamin鄄  A 
by PTP鄄  PEST 

Src activity is elevated in the majority of malignant 
and premalignant colon tumors. It has been shown that 
overexpression of PTPPEST inactivates cSrc kinase by 
dephosphorylating a positive regulatory tyrosine, Y416, 
within the cSrc kinase domain to inhibit intestinal cell 
migration. In colorectal carcinogenesis, downregulation 
of PTPPEST expression may promote cancer invasion 
and metastasis [50] . In contrast, a different report shows 
that PTPPEST dephosphorylates cSrc at Y527 in 
osteoclasts to release the autoinhibitory effect of Y527 
phosphorylation and increase phosphorylation at Y418 in 
the catalytic domain. Activation of Src results in the 
phosphorylation of cortactin at Y421 and WASP at Y294; 
increased interaction of Src, cortactin, and Arp2 with 
WASP; and the promotion of sealing ring formation and 
boneresorbing activity in osteoclasts [51] . PTPPEST also 
interacts with Cterminal Src kinase (Csk), which 
phosphorylates Src Y527 and inhibits Src activation. This 
interaction involves the SH3 region of Csk and a 
prolinerich region outside the catalytic domain of 
PTPPEST. It is not clear whether PTPPEST regulates 
cSrc activation by modulating Csk activity [12] . 

The domain organization of Abl family members is 
similar to that of Src family members. These proteins 
have a tyrosine kinase domain that is preceded by both 
an SH2 domain and an SH3 domain [52] . cAbl participates 
in membrane ruffling in response to growth factor 
stimulation [53]  and antagonizes migration under some 
conditions [54] . cAbl interacts with and phosphorylates 
proline, serine, and threoninerich phosphatase 
interacting protein (PSTPIP) [55] , which is a substrate of 
PTPPEST. PTPPEST, which interacts directly via its 
carboxylterminal homology (CTH) domain with the 
coiledcoil domain of PSTPIP, dephosphorylates PSTPIP 
at Y344 [56] . PSTPIP bridges PTPPEST to cAbl, resulting 
in the dephosphorylation and inhibition of cAbl by 
PTPPEST. Both cAbl and PSTPIP are hyperphos鄄  
phorylated in PTPPESTdeficient cells, and platelet 
derived growth factor (PDGF)induced cAbl kinase 

activation is prolonged in these cells [55] . 
In addition to acting as an adaptor to bridge the 

interaction between PTPPEST and cAbl, PSTPIP binds 
to WASP via its SH3 domain. The activation of the 
WASP proteins leads to actin nucleation and the 
formation of filopodia and lamellipodia, which are 
important events in the generation of cell polarity and 
directed cell migration [57] . PSTPIP serves as a scaffold 
protein between PTPPEST and WASP and allows 
PTPPEST to dephosphorylate WASP. PTPPEST 
combines with PSTPIP to inhibit WASPdriven actin 
polymerization and synapse formation [56,58] . 

PTPPEST has been implicated in the regulation of 
cytokinesis, and PTPPEST expression in HeLa cells 
results in the formation of multinucleated cells. Pro鄄  
teomic analyses revealed that the actinbinding protein 
filaminA is a PTPPEST substrate. The fourth 
prolinerich region of PTPPEST was found to mediate 
filaminA binding. A PTPPEST mutant lacking both the 
fourth prolinerich region and filaminAbinding ability 
failed to induce the multinucleated phenotype. 
Furthermore, depletion of filaminA in HeLa cells was 
found to reduce the PTPPESTdependent multinucle鄄  
ated phenotype, thereby indicating an important role for 
the interaction between PTPPEST and filaminA in the 
control of cytokinesis in mammalian cells [12,5961] . 

Regulation of Shc by PTP鄄  PEST 

PTPPEST associates with the adaptor proteins 
Grb2 [60]  and Shc [62,63] , both of which participate in the 
growth factor signaling and motility. At least three genes, 

,  , and  , are known to encode Shc 
proteins, which share an aminoterminal phospho鄄  
tyrosinebinding (PTB) domain, a central proline/ 
glycinerich region (CH1), and a carboxylterminal SH2 
domain. ShcA exists in three isoforms in mammalian 
cells, p46 Shc , p52 Shc , and p66 Shc , which  differ only in the 
extent of their aminoterminal sequences and are 
produced via alternative splicing and differential use of 
translational initiation sites. The p52 Shc /p66 Shc  proteins are 
associated with PTPPEST via an NPxH (in which N is 
asparagine, P is proline, x is any residue, and H is 
histidine) motif in the noncatalytic domain of PTP 
PEST  [62,63] . 12Otetradecanoylphorbol13acetate (TPA) 
induces the phosphorylation of S29 in p52 Shc and S138 in 
p66 Shc  in a protein kinase C (PKC) activitydependent 
manner. Phosphorylation of these residues and the 
presence of the intact PTB domain are essential for 
ShcA binding to PTPPEST. Insulin also induces the 
association between ShcA and PTPPEST. Phosphory鄄  
lation of ShcA at S29 controls the ability of its PTB 
domain to bind to PTPPEST, which is responsible  for 
the Tyr dephosphorylation of ShcA and the inhibition  of 
ShcA  function in the induction of downstream  signaling 
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Figure 1. PTP鄄  PEST consists of an NH2鄄  terminal catalytic domain and a long COOH鄄  
terminal regulatory domain. The conserved phosphatase signature motif sequence in the catalytic domain (the essential cysteine 
residue is in red) is expanded. The regulatory domain contains several PEST鄄  rich regions, which mediate interactions of PTP鄄  
PEST with its substrates and/or adaptor proteins. 

after insulin stimulation. Overexpression of a  PTPPEST 
bindingdefective p52 Shc  S29A mutant, which increased 
Tyr phosphorylation, enhanced insulininduced ERK 
activation [64] . 

Paradoxical Role of PTP鄄  PEST in Tumor 
Cell Migration and Development 

As illustrated in the regulation of PTPPEST 
substrates, PTPPEST has a paradoxical role in cell 
migration, which varies in cell line  and cellular 
signalingdependent manners [22,35,39] . In addition, the 
reported functions of PTPPEST in tumorigenesis are 
controversial.  deletion was found in 13.8% of 
lung cancer cases [65] . Unlike normal breast tissue, in 
which PTPPEST expression is consistent, 22.6% of 
breast cancer cases contain a deletion at the 
locus, and PTPPEST protein expression is low in 37% 
of invasive breast cancers. In addition, low levels of 
PTPPEST expression are more common in triple 
negative breast cancer specimens, which do not express 
the genes for estrogen receptor, progesterone receptor, 
or Her2/neu. Previous studies have suggested that 
PTPPEST suppresses triplenegative breast cancer cell 
transformation by interacting with and inhibiting multiple 
oncogenic tyrosine kinases , including EGFR and 
HER2  [65,66] . PTPPEST may counter the activity of these 
receptor tyrosine kinases (RTKs) via dephosphorylation 
of the RTK substrates or the RTKs themselves to act as 
a tumor suppressor. 

In contrast, active PTPPEST mutants have been 
found in human tumor tissues. Three amino acid 
mutations at positions I322, A573, and K709 were found 
in primary human breast and renal tumor samples. 
These mutations were also found in breast cancer cell 
lines and squamous carcinoma cell lines. Functional 
characterization of the PTPPEST I322 and A573 
mutants revealed an enhancement of their 
phosphatase activity, although the catalytic activity of the 
K709 mutant was reduced. All three alterations are 
located between the prolinerich regions within the 
Cterminal portion of the regulatory domain of 

PTPPEST. Thus, these mutants might affect 
intramolecular interactions or the overall 3dimensional 
structure of the PTPPEST protein, thereby affecting 
autoregulatory functions [67] . 

In line with the controversial results of studies of 
human tumor samples regarding the role of PTPPEST 
in tumor development, analyses of cultured tumor cells 
have shown that both overexpression and genetic 
ablation of PTPPEST cause profound inhibition of cell 
motility [22,31] . These findings suggest that a precise 
balance of PTPPEST function and dynamic regulation of 
PTPPEST activity are required for regulating cell 
adhesion and maintaining an appropriate rate of focal 
adhesion turnover. Perturbation of phosphotyrosine 
homeostasis with either an excess or deficiency of 
PTPPEST can interfere with focal adhesion turnover 
and retard cell movement. This hypothesis is consistent 
with a reported paradoxical role of the phosphorylation of 
FAK, a major PTPPEST substrate, in tumor pro鄄  
gression, suggesting a dynamic regulation of PTPPEST 
and subsequent dynamic regulation of FAK 
phosphorylation during cell migration [26] . Activation of Ras 
by mutations or EGFR activation results in PTPPEST 
dependent FAK Y397 dephosphorylation and subsequent 
reduced focal adhesion and increased cell motility. In 
addition, Ras activation results in the colocalization of 
PTPPEST and FAK in lamellipodia, suggesting a 
regulation of FAK by PTPPEST in these regions  [41] . 
However, when cells attach to fibronectincontaining 
matrices and integrins are activated, the integrin 
signaling (via unknown mechanisms) overrides the 
effects of Ras and EGFR on FAK, most likely by 
disrupting the interaction between FAK and PTPPEST, 
and leads to FAK rephosphorylation on Y397, which in 
turn promotes cell adhesion and spreading. However, 
once cells complete adhering to and spreading on ECM, 
FAK Tyr phosphorylation and activity are downregulated 
again by Rasinduced and PTPPESTdependent 
dephosphorylation, leading to a reduction in the number 
of cellECM contacts [40,41] . 

Thus, a model of Ras or EGFR activationinduced 
tumor cell migration could be as follows: activated Ras 
or EGFR has reduced overall FAK activity mediated by 
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PTPPESTdependent dephosphorylation; as a result, 
the number of cellECM contacts is reduced, and cells 
become less adherent and more motile. At the same 
time, lamellipodial dynamics and focal adhesion turnover 
at the leading edges of cells, which are required for cell 
migration, are regulated by the dynamically integrated 
Ras and integrininduced signaling. During the formation 
of new lamellipodia driven by actin polymerization and 
stabilized by adherence to ECM, the integrinFAK 
signaling overrides Rasinduced FAK Y397 dephos鄄  
phorylation and facilitates the formation of new 
adhesions, which serve as traction sites for cell 
migration. However, these newly formed adhesions are 
quickly disassembled by Ras and PTPPESTinduced 
signaling, which regains dominance over signaling 
induced by integrin after adhesion formation. This 
disassembly of mature adhesions allows new adhesions, 
protrusions, and lamellipodia to form at the leading edge, 
thereby initiating another round of focal  adhesion 
turnover [26,40,41] . 

Regulation of PTP鄄  PEST 

PTPPEST plays an instrumental role in a variety of 

cellular functions, and its cellular activity is precisely 
regulated by several posttranscriptional modifications, 
including phosphorylation, oxidation, and proteolysis. 

Phosphorylation of PTP鄄  PEST 

PTPPEST can be regulated by phosphorylation, 
which affects its catalytic activity and access to 
substrates. The enzymatic activity of PTPPEST can be 
downregulated via the activation of PKC and  cAMP 
dependent protein kinase (PKA), which phosphorylate 
PTPPEST at S435 in the noncatalytic  domain and S39 
in the catalytic domain. The phosphorylation of PTP 
PEST at S435 has no direct effect on its enzyme activity, 
whereas the phosphorylation at S39 decreases its activity, 
possibly by reducing its affinity for substrates [5] . In 
contrast, protein phosphatase 1琢   (PP1琢  ), which is a 
member of the  serine/threoninespecific protein 
phosphatase family, binds to the noncatalytic domain of 
PTPPEST and activates PTP via dephosphorylation of 
phosphoS39 [68] . 

Mammalian sterile 20like kinase 3 (MST3), a 
serine/threonine kinase, phosphorylates PTPPEST and 
inhibits its tyrosine phosphatase activity, which correlates 
with enhanced phosphorylation of paxillin Y118 and Y31 

Figure 2. A, cell migration is a highly coordinated, dynamic, and precisely 
regulated multistep cyclical process, which includes the disassembly of focal adhesions at the leading edge of the cell, the polarization 
and protrusion of the leading edge, the formation and stabilization of cell鄄  substrate adhesions, the contraction of the cell body, the 
disassembly of adhesions at the rear of the cell, and the retraction of the trailing tail曰 B, PTP鄄  PEST regulates multiple steps of the cell 
migration cycle, including membrane protrusion, tail retraction, and the dynamic regulation of focal adhesions via dephosphorylation of 
its associated proteins in the migration complex. Blunted arrows indicate dephosphorylation of substrate proteins by PTP鄄  PEST. 
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and inhibited cell spreading and migration. These results 
suggest that MST3 inhibits cell migration in a fashion 
dependent on PTPPESTregulated paxillin dephosphory鄄  
lation [69] . 

Consistent with that PTPPEST can be regulated by 
phosphorylation, a recent study showed that the 
activation of ERK1/2 by Ras results in the phosphory鄄  
lation of  PTPPEST at S571. The phosphorylation of 
S571, which by itself does not alter the catalytic activity 
of PTPPEST toward phosphopeptide substrates, recruits 
PIN1 to bind to PTPPEST. The conformational changes 
of phosphorylated PTPPEST induced by PIN1, which 
may alter the structure of the proteininteracting domains 
adjacent to S571, increase the level of interaction 
between PTPPEST and FAK, which leads to the 
dephosphorylation of FAK Y397 and promotes migration, 
invasion, and metastasis of vHRastransformed cells [70] . 

Oxidation of PTP鄄  PEST 

PTPPEST can be regulated by reversible oxidation. 
PTPmediated dephosphorylation requires a catalytically 
essential cysteine residue. This residue is highly 
sensitive to oxidation. Reversible oxidation is likely a 
physiologic mechanism of regulating PTP activity. One 
effect of ROS production is the oxidation of the cysteine 
residue within the signature motif of PTPs. This oxidation 
blocks the nucleophilic activity of PTPs and inactivates 
them in a reversible manner [71] . 

The cysteine residue in the catalytic domain of 
PTPPEST was shown to be oxidized by ROS. 
Suppressing PTPPEST activity by oxidation relieves its 
inhibitory effects on paxillin phosphorylation, which was 
proposed to be one of the mechanisms by which ROS 
promotes tumor cell migration and invasion [34] . The 
orphan adaptor TRAF4 was suggested to promote cell 
migration by regulating focal complexes for oxidative 
modification. TRAF4 binds to the NADPH oxidase 
subunit p47 phox  and the focal contact scaffold Hic5, the 
latter of which is a substrate of PTPPEST. An active 
mutant of TRAF4 activates the NADPH oxidase 
downstream from the Rho GTPases and PAK1 and 
oxidatively inactivates PTPPEST. Active TRAF4 or 
knockdown of PTPPEST initiates robust membrane 
ruffling. The knockdown of TRAF4 or Hic5 protein 
expression or oxidant scavenging blocks cell migration [72] . 

Proteolysis of PTP鄄  PEST 

PTPPEST can be regulated by proteolysis during 
apoptosis, which is a key process in cancer development 
and progression [73] . Previous studies suggested that 
PTPPEST participates in tumor initiation by regulating 

apoptosis. PTPPEST expression was shown to sensitize 
tumor cells to receptormediated apoptosis, whereas 
specific PTPPEST cleavage, which generates PTP 
PEST fragments with increased catalytic activity,  was 
observed during apoptosis mediated by caspase3 
dependent cleavage of PTPPEST at the 549DSPD552 
motif in the noncatalytic domain. Given that PTPPEST 
also acts as a scaffolding molecule connecting PSTPIP 
to a protein complex including paxillin, Shc, and Csk, the 
activation of caspase3 disrupted the scaffolding 
properties of PTPPEST and facilitated cellular detach鄄  
ment during apoptosis. Thus, PTPPEST may participate 
in the amplification of apoptotic responses, likely via 
caspasemediated changes in its scaffolding and en鄄  
zymatic properties [74] . 

Concluding Remarks 

In summary, PTPPEST activity can be regulated at 
the transcriptional level by gene deletion or mutation or 
via posttranslational modifications such as phosphory鄄  
lation, oxidation, and caspasedependent cleavage. 
Changes in the levels of PTPPEST expression, activity, 
and interaction with substrates affect its subcellular 
localization and substrate dephosphorylation, thereby 
regulating cellular activities such as cell adhesion, 
migration, and survival. Given the relatively high 
incidence of the genetic alteration of PTPPEST in 
several types of human cancer, including breast and 
lung cancers, further studies are warranted to 
understand the dynamic regulation of PTPPEST in 
tumor cell growth, migration, and metastasis so that 
novel targeted therapy against PTPPEST can be 
rationally designed. 
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