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Abstract

Protein tyrosine phosphorylation plays a major role in many cellular functions implicated in cancer development and progression,

but only a few of the known protein tyrosine phosphatases have yet been clearly classified as oncogenes or tumor suppressors. PTPL1

interacts with tumor-associated proteins, suggesting a link between PTPL1, the gene product, and tumorigenesis or cancerPTPN13 

progression. However, the impact of PTPL1 on cancer is divided between its capacity to counteract the activity of oncogenic tyrosine

kinases and its inhibitory interaction with the death receptor, Fas. In this manuscript, we review the PTPL1-interacting proteins

implicated in cancer. In addition, we examine the phenotypic arguments concerning both the PTPL1/Fas interaction and the ability of

PTPL1 to inhibit signaling from growth factor receptors or oncogenes with tyrosine kinase activity. Finally, we compare the

alterations in expression and the genetic and epigenetic arguments supporting an oncogenic or an anti-oncogenic impact of PTPL1.

Author Keywords Cancer ; Fas ; Her2 ; Human papillomavirus 16 ; IRS-1 ; PTPN13 ; PTPL1 ; Src

Introduction

Protein tyrosine phosphorylation plays a major role in many cellular functions, including cell survival, proliferation, differentiation

and motility. It is now well established that the dysregulation of intracellular signaling pathways, which triggers these processes, is

implicated in cancer development and progression. While much progress has been made over the last 25 years in elucidating the

implications of protein tyrosine kinases in signal transduction (for review, see ), the role of protein tyrosine phosphatases (PTPs), which[1 ]
were initially believed to be limited in number and considered housekeeping enzymes with broad specificities, has only been addressed

within the last decade. Therefore, only a few of the known PTPs have been clearly classified as oncogenes ( PTP1B - PTPN1/ PTPN11 

/SHP-2) or tumor suppressors ( /PTP - /GLEPP1 - /DEP1) (for review see ).PTPRG γ PTPRO PTPRJ [2 –4 ]

Among the PTPs with potential roles in carcinogenesis, we are interested in the gene product, which can impact cancerPTPN13 

development through either its capacity to counteract the activity of oncogenic tyrosine kinases or its inhibitory interaction with the death

receptor Fas. In this manuscript, we will review the PTPL1-interacting proteins that suggest a link between PTPL1 and tumorigenesis or

cancer progression. We will then focus on studies concerning the PTPL1/Fas interaction and the ability of PTPL1 to inhibit signaling from

growth factor receptors or oncogenes with tyrosine kinase activity. Finally, we will compare the alterations in expression as well as the

genetic and epigenetic arguments that support an oncogenic or anti-oncogenic function of PTPL1. In 1994, the product wasPTPN13 

cloned independently by three groups, using different cell models, and is thus referenced as PTP-BAS, hPTP1E or PTPL1 .[5 –7 ]
Moreover, in 1995, Sato  called it FAP-1 for Fas-associated phosphatase-1 due to evidence of its ability to interact with the deathet al. [8 ]
receptor Fas (for review, see ). In this manuscript, we will refer to the product as PTPL1. The physiological functions of[9 –11 ] PTPN13 

PTPL1 are poorly documented. PTP-BL (mouse homologue of PTPL1) KO mice present abnormal regulation of signal transducer and

activator of transcription signaling in T cells . Mice that lack PTP-BL PTP activity show mild impairment of motor nerve repair ,[12 ] [13 ]
and a significant reduction in the growth of retinal glia cultures from lens-lesioned mice has been observed . Furthermore, we have[14 ]
recently described the role of this phosphatase in adipocyte differentiation .[15 ]

maps to the human chromosomal locus 4q21  and encodes a high-molecular-weight (270 kDa) non-receptor typePTPN13 [16 ]
phosphatase. The phosphatase contains multiple domains, providing numerous potential interfaces. Its first amino terminal domain is a

putative kinase non-catalytic C-lobe domain (KIND), which was identified by sequence homology, and the function of which has not yet

been experimentally addressed. The next amino terminal domain is a 4.1/ezrin/radixin/moesin (FERM) domain, which is commonly found

within a family of peripheral membrane proteins that mediate linkage of the cytoskeleton to the plasma membrane . The FERM[17 ]
domain of PTP-BL, the mouse homologue of PTPL1, was shown to be sufficient for its submembranous distribution . We have shown[18 ]
that PTPL1 is predominantly localized at the apical face of plasma membrane, enriched in dorsal microvilli, when expressed in HeLa cells.

By comparing localization of the full-length enzyme to localization of its FERM domain or of a FERM-deleted PTPL1 construct, we

established that the PTPL1-FERM domain is necessary and sufficient to direct the wild-type enzyme to the membrane. Two potential

phosphatidylinositol 4,5-biphosphate PtdIns(4,5)P2 -binding motifs were identified within the PTPL1-FERM sequence, and we have[ ]
shown that mutation of both sites altered PTPL1 localization similarly to deletion of the FERM domain. Using protein-lipid overlays, we
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have demonstrated an interaction between the FERM domain of PTPL1 and PtdIns(4,5)P2, which was lost after mutation of the potential

PtdIns(4,5)P2-binding motifs . Following this, a study by Kimber . provided evidence that TAPP1, which binds PtdIns(3,4)P2[19 ] et al 

and the first PTPL1 PDZ domain (see below), could regulate the membrane localization of PTPL1 .[20 ]

Between the FERM domain and the carboxy-terminal catalytic domain, PTPL1 contains five PSD-95/Discs-large/ZO-1 (PDZ)

domains, which are protein/protein interaction domains. PTPL1 can, therefore, have numerous partners that can actively participate in the

regulation of its phosphatase activity or can permit direct or indirect recruitment of tyrosine phosphorylated PTPL1 substrates.

PTPL1-interacting proteins and cancer

PDZ domains are protein/protein interaction domains able to bind specific C-terminal sequences of proteins  as well as other[21 –23 ]
PDZ domains , LIM domains (named for the initials of Lin-11, Isl-1, and Mec-3)  and ankyrin repeats . With five PDZ[24 ] [25 ] [26 ]
domains, PTPL1 presents each type of these interactions. A number of potential PTPL1-interacting partners point to a role for PTPL1 in

several steps of tumor progression, such as modification of cell shape, motility and cell signaling, leading to growth or apoptosis, thus

indicating a potential role for PTPL1 in cancer and metastasis ( ).Fig.(1) 

Proteins interacting with PDZ-1

The involvement of TAPP1/2 and BP75, two PDZ1 partners, in tumorigenesis has been poorly documented. However, the

phosphoinositol 3,4-bisphosphate-binding protein, TAPP1, has been shown to regulate actin cytoskeletal organization by interacting with

syntrophins, leading to the blockade of PDGF-induced formation of dorsal circular ruffles . The bromodomain-containing protein[27 ]
BP75 has been reported to bind dishevelled-1 (Dvl-1) and to enhance Wnt signaling in a study by Kim They showed that BP75et al. 

directly interacts with Dvl-1 in mammalian cells and enhances TCF-dependent gene expression induced by Dvl-1. Specifically, BP75, in

cooperation with Dvl-1, was found to facilitate dephosphorylation of glycogen synthase kinase-3  at Tyr216 and consequently, to inhibitβ
its kinase activity. Furthermore, BP75 acted synergistically with Dvl-1 during inactivation of glycogen synthase kinase-3  and nuclearβ
translocation of -catenin .β [28 ]

PDZ-1, in cooperation with PDZ-5, binds TRPM2, a transient receptor potential (TRP) superfamily member. This receptor is a Ca(2+
)-permeable channel, which mediates susceptibility to cell death following activation by oxidative stress, TNF , or -amyloid peptide.α β
Co-expression of PTPL1 with TRPM2 in human embryonic kidney-293T cells resulted in significantly reduced tyrosine phosphorylation

of TRPM2 and inhibited the rise in Ca and the loss of cell viability in response to H O or TNF  treatment. Consistent with these[ 2  + ]i 2 2 α

findings, reduction of endogenous PTPL1 expression with small interfering RNA resulted in increased TRPM2 tyrosine phosphorylation, a

greater rise in Ca following H O treatment, and enhanced susceptibility to H O -induced cell death .[ 2  + ]i 2 2 2 2 [29 ]

In addition, PDZ-1 has been shown to bind the inhibitor of nuclear factor -B  (I B ), and inhibition of PTPL1 by expression of aκ α κ α
dominant-negative PTPL1 mutant (lacking phosphatase activity) resulted in tyrosine-phosphorylation of I B  . I B  is an inhibitor ofκ α [26 ] κ α
the transcription factor NF B. A complex consisting of I B  and NF B is formed in the cytosol, preventing NF B from entering theκ κ α κ κ
nucleus. There are two possibilities to dissociate this complex. The first possibility is the phosphorylation of I B  on Ser32 and 36,κ α
resulting in its degradation by the ubiquitin proteasome system. The second is the phosphorylation of I B  on Tyr42, which leads toκ α
dissociation without degradation . Interestingly, the tyrosine phosphorylation site substrate of PTPL1 on I B  was not identified, and[30 ] κ α
Tyr 305 phosphorylation of I B  was demonstrated to inhibit NF B activity . This indicates that, depending on the dephosphorylationκ α κ [31 ]
site, PTPL1 can activate or inhibit NF B.κ

Proteins interacting with PDZ-2

The second PDZ domain of PTPL1 binds two members of the TNFR superfamily. The human cell surface protein Fas was the first

protein reported to interact with PTPL1 . It interacts with the PDZ-2 and PDZ-4 domain of PTPL1, and the implication of this[8 ]
interaction on tumorigenesis has been extensively studied and will be discussed in chapter 3. PDZ-2 also interacts with the neurotrophin

receptor p75 . TRAF6-mediated NF B activation was suppressed by p75 , and the p75 -mediated NF B suppression wasNTR κ NTR NTR κ
reduced by PTPL1 expression . The latter observation supports the involvement of PTPL1 in modulation of NF B activity suggested[32 ] κ
by I B  dephosphorylation.κ α

Additional proteins known to bind to the PDZ-2 domain are the LIM domain-containing proteins RIL and Trip6/ZRP-1 , , .[25 33 34 ]
Reversion-induced LIM (RIL) is a ubiquitously expressed protein but is a target of epigenetic silencing by hypermethylation in a large

number of cancer cell lines and tumors derived from various origins, including the breast, liver, and colon. Furthermore, RIL transcription

is suppressed in multiple types of human cancer cells, including colon cancer cells, and re-expression of RIL inhibited

anchorage-independent growth . These findings strongly suggest that loss of RIL contributes to malignant behavior, and a recent study[35 ]
indicating the involvement of RIL in the regulation of Src activity  will be discussed in chapter 4.[36 ]
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The LIM domain-containing protein TRIP6, also known as ZRP-1 (Zyxin-related Protein 1), is a zyxin family member that has been

implicated in cell motility and transcriptional control . Originally discovered as a protein interacting with the nuclear thyroid hormone[37 ]
receptor, TRIP6 was later identified as a focal adhesion molecule with the capability to shuttle between the cell surface and nucleus.

Through LIM domain-mediated protein-protein interactions, TRIP6 forms complexes with several molecules involved in actin

rearrangement, cell adhesion and migration, including p130cas  and supervillin . TRIP6/ZRP-1, localized at cell-matrix and[38 ] [39 ]
cell-cell contact sites, plays a crucial role in coupling the cell-matrix/cell-cell contact signals with Rho GTPase-mediated actin remodeling 

. Moreover, ectopic expression of TRIP6/ZRP-1 induced invasiveness in MDCK epithelial cells and impaired cell-cell aggregation, at[40 ]
least in part, by uncoupling adherens junctional complexes from the cytoskeleton . For example, LPA stimulation of the LPA2[41 ]
receptor targets TRIP6 to focal adhesion complexes and promotes c-Src-dependent phosphorylation of TRIP6, which creates a docking site

for the Crk Src homology 2 domain, thereby promoting LPA-induced morphological changes and cell migration . Lai . showed[42 ] et al 

that PTPL1-dependent dephosphorylation inhibited TRIP6 function in LPA-induced cell migration. PTPL1 dephosphorylates

phosphotyrosine 55 of TRIP6 and inhibits LPA-induced tyrosine phosphorylation of TRIP6 in cells. This inhibition requires ain vitro 

direct protein-protein interaction between PTPL1 and TRIP6 along with the phosphatase activity of PTPL1. In contrast to c-Src, PTPL1

prevents TRIP6 turnover at sites of adhesions, LPA-induced association of TRIP6 with Crk and TRIP6-mediated promotion of

LPA-induced morphological changes and cell migration. These results clearly indicate a negative impact of PTPL1 on cell migration and

suggest an inhibitory role of PTPL1 on cancer cell invasiveness that counteracts the oncogenic activity of Src .[43 ]

Another protein strongly linked to cancer, the tumor suppressor protein APC (adenomatous polyposis coli protein), interacts with the

PDZ-2 of PTPL1 . The biological effect of this interaction has not yet been addressed, but it is of interest to note that this interaction is[44 ]
restricted to one alternatively spliced variant of the PDZ2 domain.

Proteins interacting with PDZ-3, PDZ-4 and PDZ-5

Only one protein has been shown to interact with PDZ-3. It is protein kinase C-related kinase-2 (PRK2), a cytosolic serine/threonine

kinase regulated by the monomeric G-protein rho . PRK2 has not yet been implicated in cancer progression or tumorigenesis, but[45 ]
interaction with PRK2 was shown to inhibit kinase activity of PDK1, the activator of PKB . Furthermore, a role for PRK2 in cell[46 ]
division was demonstrated by Schmidt and collaborators, who showed that PRK2 is required for abscission of the midbody at the end of

the cell division cycle and for phosphorylation and activation of Cdc25B, the phosphatase required for activation of mitotic cyclin/Cdk1

complexes at the G2/M transition .[47 ]

In addition to Fas and RIL, which bind to PDZ2 and PDZ4, the fourth PDZ domain interacts with CRIP2 (cysteine-rich intestinal

protein 2) , PARG1 (PTPL1-associated RhoGAP1) , a putative rap2 effector  which has been proposed to be a putative tumor[48 ] [49 ] [50 ]
suppressor in mantle cell lymphomas , and EphrinB1, a transmembrane ligand for B-class Ephrin receptor  that controls cell-cell[51 ] [52 ]
junctions .[53 ]

The fifth PDZ domain of PTPL1 currently has a single known partner, the TRP superfamily member TRPM2, which also binds the

first PDZ domain.

Among the numerous described interacting proteins, only a few have been identified as PTPL1 substrates, suggesting a role for these

partners in PTPL1 localization or regulation of PTP activity. In addition, a scaffolding protein function for PTPL1 has been suggested by

our results concerning the effect of PTP-BL in adipogenesis that is independent of its enzymatic activity.

PTPL1 inhibits Fas receptor mediated apoptosis

The relation between PTPL1 and apoptosis has been addressed by several groups and remains controversial. The first evidence of such

a relation was brought up by Sato .  with the demonstration of the interaction of PTPL1 with the carboxy terminal tail of theet al [8 ]
pro-apoptotic receptor, Fas. In this initial study, it was shown that the apoptotic effect of a Fas agonist antibody was inhibited by 50  in%
transfected clones of Jurkat cells overexpressing PTPL1. Using an assay inhibiting Fas/PTPL1 binding with a series of syntheticin vitro 

peptides, as well as by a screen of random peptide libraries using the yeast two-hybrid system, the same group showed that the C-terminal

three amino acids (SLV) of human Fas were necessary and sufficient for the interaction with the second PDZ domain of PTPL1.

Furthermore, direct cytoplasmic microinjection of the (SLV) resulted in the induction of Fas-mediated apoptosis in a colon cancer cell line

that expresses both Fas and PTPL1. This observation indicated that an interaction between the C-terminal domain of Fas and the PDZ

domain of another protein mediated the inhibition of Fas signal transduction, and the authors proposed that PTPL1 could be this inhibitory

protein . Using a peptide-binding assay, Saras . showed that not only PDZ-2, but also PDZ-4, of PTPL1 interacts with high[54 ] et al 

affinity with peptides derived from the C terminus of Fas. The five most C-terminal amino acid residues of Fas influence the affinity of the

interaction. The glutamine and isoleucine residues in the fourth and fifth positions from the C terminus affect the interaction in a negative

and positive manner, respectively, and the three C-terminal amino acid residues (SLV) are necessary and sufficient for a high affinity

interaction to occur. The valine residue at the C terminus of Fas is essential, and the leucine and serine residues in the 2nd and 3rd

positions, respectively, from the C terminus are important for the interactions with PDZ 2 and PDZ 4 of PTPL1 . However, murine Fas[55 ]
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lacks the SLV terminal sequence, and Cuppen .  demonstrated that there was no interaction between murine Fas and PTP-BLet al [56 ]
(mouse homologue of PTPL1). These data strongly suggest that this interaction, which is not evolutionarily conserved, does not play a

crucial role in PTPL1 function. In the same study, Cuppen did not observe inhibited Fas-induced apoptosis upon overexpressinget al. 

PTP-BL in mouse T cell lymphoma cells transfected with human Fas, which interacts with PTP-BL, indicating that this interaction is not

sufficient to inhibit Fas transduction in this cell type. .[56 ]

Sato s laboratory has confirmed the interaction between PTPL1 and Fas by co-immunoprecipitation. To investigate the’ in vivo 

functional role of PTPL1 in Fas-mediated signal transduction, they established stable transfectants of PTPL1 in Jurkat and TMK-1 cells.

Apoptosis assays demonstrated that PTPL1 over-expression increased resistance to Fas-induced apoptosis by the anti-Fas antibody CH-11 

 in these cell lines. Ungefroren . investigated the functional role of PTPL1 as a potential inhibitor of Fas-mediated apoptosis in[57 ] et al 

pancreatic cancer cells. Stable transfection of the Fas sensitive, PTPL1-negative cell line Capan-1 with PTPL1 cDNA resulted in strongly

decreased sensitivity to Fas-induced apoptosis, as measured by DNA fragmentation and caspase-3 activity. The authors then analyzed the

subcellular localization of PTPL1 and Fas in order to determine the impact of PTPL1/Fas interaction on Fas localization. Whereas

unstimulated cells showed limited colocalization of PTPL1 and Fas, colocalization was increased significantly upon treatment with

Fas-ligand. Strong colocalization was observed in intracellular compartments (Golgi apparatus and peripheral vesicular structures). This

increase in colocalization was accompanied by a decrease in surface expression of Fas. However, this accumulation of Fas in intracellular

stores was not observed in Capan-1 cells, a pancreatic adenocarcinoma cell line lacking PTPL1 expression. Based on the spatial-temporal

relationship between PTPL1 and Fas, the authors suggested an interfering role of PTPL1 with the translocation of Fas from intracellular

stores to the plasma membrane. . These results were confirmed and extended to melanoma cell lines. Indeed, association of Fas with[58 ]
PTPL1 was shown to attenuate export of Fas to the cell surface in these cell lines and in TIG3 human embryonic lung fibroblasts. In this

study, forced expression of PTPL1 reduced cell surface Fas levels and increased the intracellular pool of Fas. The inhibitory effect of

PTPL1 on the cell surface expression of Fas was dependent on the presence of the PDZ2 and protein tyrosine phosphatase domain of

PTPL1. Moreover, an intact C-terminus of Fas was crucial for the interfering role of PTPL1 in Fas trafficking. Conversely, inhibition of

PTPL1 expression by short interfering RNA, or expression of dominant-negative forms of PTPL1, efficiently up-regulated surface

expression of Fas . In astrocytoma cells, knockdown of PTPL1 by RNA interference lead to increased apoptosis and increased[59 ]
sensitivity to Fas-induced cell death. In these cells, FasL treatment induced tyrosine phosphorylation of Fas, and PTPL1 dephosphorylates

phosphotyrosine 275  in the carboxyl terminus of Fas , which is essential for the Fas/PTPL1 interaction .[60 ] in vitro [59 ]

Unexpectedly, Miyazaki , in collaboration with Sato s group, showed that in the colon cancer cell line SW480, overexpression ofet al. ’
PTPL1 increased Fas-mediated apoptosis . Conversely, some studies have confirmed the negative action of PTPL1 on Fas-mediated[61 ]
apoptosis in colon cancer, melanoma and myeloid cells using SLV inhibitory peptide , , or RNA interference , .[62 63 ] [64 65 ]
Furthermore, the delocalization of Fas from the cell surface to the intracellular compartment was confirmed in melanoma  and head[66 ]
and neck cancer  where PTPL1 could act via NF B activation. It is interesting to note that Huang et al  in their work on myeloid[67 ] κ [63 ]
cells observed a positive effect of SLV inhibitory peptide on apoptosis induction by Fas antibody in murine cells, whereas murine Fas

lacks the SLV terminal sequence . This suggests that SLV peptide can induce apoptosis through a mechanism independent from[56 ]
PTPL1/Fas interaction.

The PTPL1/Fas interaction is not the exclusive role of PTPL1 in anti-apoptotic or oncogenic pathways. Indeed, PTPL1 is a direct

transcriptional target of EWS-FLI1, a fusion protein expressed in Ewing s Sarcoma Family of Tumors (ESFT) which promotes cell growth’
and oncogenesis . Reduction of PTPL1 protein levels, using an antisense strategy, leads to highly significant reductions in both[68 ]
anchorage-dependent and anchorage-independent cell growth induced by EWS-FLI1 . PTPL1-depleted ESFT cells also displayed an[68 ]
increased sensitivity to etoposide-induced apoptosis when compared to control cells . Studies are now necessary to identify PTPL1[68 ]
substrates and PTPL1-modulated pathways in this model.

Negative impact of PTPL1 on cell growth and survival

The positive effects of PTPL1 on apoptosis and suppression of tumor growth affect various pathways initiated by tyrosine kinases, and

PTPL1 substrates have been clearly identified in the majority of these pathways ( ).Table 1 

PTPL1 is a pro-apoptotic enzyme in breast cancer

The first evidence of such action of PTPL1 was its involvement in the pro-apoptotic effects of antiestrogens in breast cancer cell lines.

Steroidal and non-steroidal antiestrogens, such as tamoxifen, which is currently used in breast cancer adjuvant therapy, inhibit the growth

of estrogen receptor-positive cells not only by acting on nuclear receptors as competitors of hormone agonists but also by preventing the

mitogenic action of growth factors in the total absence of estrogens , . Inhibition of cell growth, as evidenced by a drastic decrease[69 70 ]
in the overall cell DNA measurement, correlated with the expression of some protein-tyrosine phosphatases . After cloning all of the[71 ]
antiestrogen-regulated enzymes in MCF7 cells by RT/PCR using degenerated oligonucleotides, we have shown that only two

phosphatases, LAR and PTPL1, were up-regulated by these antagonists . While PTPL1 expression has no impact on OH-Tam[72 ]
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antiestrogenic activity, abolition of its expression by antisense transfection completely abrogated its antagonist effect on growth factor

action, thus demonstrating that its presence and consequent regulation are crucial in mediating this inhibitory effect . In addition, we[72 ]
have shown that PTPL1 can drastically affect the PI3-kinase/Akt pathway . In wild-type PTPL1-expressing cells, antiestrogen[73 ]
treatment severely reduced IRS-1 and Akt phosphorylation induced by IGF-1 and led to a strong increase in apoptosis (up to 30  of the%
overall cell population). In contrast, in PTPL1 antisense transfectants, OH-Tam was unable to inhibit the PI-3 kinase pathway or to induce

apoptosis, thus demonstrating that PTPL1 affects apoptosis by inhibiting this survival pathway . In a third study, we have shown by[73 ]
complementary approaches, i.e., and  substrate trapping , dephosphorylation and colocalization experiments, thatin vitro in cellulo « »
PTPL1 specifically dephosphorylates insulin receptor substrate-1 (IRS-1). Moreover, our experiments using a dominant-negative mutant

and RNA interference confirmed the crucial role of PTPL1 in IRS-1 dephosphorylation. Finally, we reported that PTPL1 expression is

sufficient to block the IRS-1/PI3K/Akt signaling pathway, to inhibit the insulin-like growth factor-I effect on cell survival and to induce

apoptosis .[74 ]

PTPL1 negatively regulates Her2 malignant signaling

Deregulated Her2 (Human Epidermal Growth Factor Receptor-2) receptor tyrosine kinase drives tumorigenesis and tumor progression

in a variety of human tissues. Her2 transmits oncogenic signals through phosphorylation of its cytosolic domain. To study endogenous

cellular mechanisms controlling the oncogenic phosphorylation of Her2, Zhu . screened an siRNA phosphatase library for cellularet al 

phosphatases that enhance phosphorylation of the signaling motif of Her2 upon knockdown. The authors found that silencing PTPL1

significantly augmented growth factor-induced phosphorylation of the Her2 signaling domain. Conversely, increased expression of cellular

PTPL1 inhibited Her2 phosphorylation, and Her2 formed a stable complex with the substrate trapping  mutant of PTPL1. In the same“ ”
study, the authors showed that PTPL1 mutations observed in human cancers  inhibited PTPL1 phosphatase activity and promoted[75 ]
Her2 phosphorylation. PTPL1 knockdown or PTPL1 cancer-associated mutants promoted the invasiveness of Her2-overexpressing

SKOV3 ovarian cancer cells . Recently, the negative regulation of Her2 signaling by PTPL1 was confirmed by another group studying[76 ]
the silencing of Her3/Her2 signaling by the tumor suppressor Necl-2 . The extracellular region of ErbB3, but not ErbB2, interacts with[77 ]
that of Necl-2 without affecting ligand-induced formation of the ErbB3/ErbB2 heterodimer. This interaction reduces the ligand-induced,

ErbB2-catalyzed tyrosine phosphorylation of ErbB3 and inhibits the consequent ErbB3-mediated activation of Rac and Akt, resulting in

the inhibition of cancer cell movement and survival in A459 or Caco-2 cell lines. Interestingly, the cytoplasmic tail of Necl-2, which

interacts with the PTPL1 FERM domain, is involved in its inhibitory action. Knockdown of PTPL1 by siRNA prevents reduction by

exogenous expression of Necl-2 of the Her2-catalyzed tyrosine phosphorylation of Her3. These results indicate that PTPL1 is involved in

the inhibitory effect of Necl-2 on Her2/Her3 signaling . Interestingly, Her2-activation by EGF up-regulated PTPL1 expression,[78 ]
suggesting a feedback loop in which PTPL1 induced by Her2 activation inhibits this activation .[79 ]

PTPL1 loss is a crucial event of human papillomavirus oncogenic signaling

Human papillomavirus 16 (HPV16) has been associated with head and neck squamous cell carcinoma (HNSCC) in up to 60  of%
specimens. Immortalization and anchorage-independent growth of human tonsil epithelial cells (HTEC) requires expression of E6 and E7

HPV16 viral genes. However, cells expressing E6 lacking the PDZ binding motif did not cause immortalization or induce

anchorage-independent growth. This suggests that the mechanism of oncogenic transformation by E6 in HTECs is dependent on the E6

PDZ binding motif . Spanos showed that HPV16 E6 interacts with, and induces the loss of, PTPL1 in a PDZ binding[80 ] et al. 

domain-dependent manner. Loss of PTPL1, induced either by the presence of E6 or by a short hairpin RNA strategy, allowed for

anchorage-independent growth in mouse and human epithelial cells. Loss of PTPL1 synergized with H-Ras for the invasive growth of

xenografts in immune-competent mice. Restoring PTPL1 expression reversed anchorage-independent growth in cells lacking PTPL1 .[81 ]
The same group, in a second study, showed that Her2, which activates Ras, would also cause invasive growth of xenografts of mouse

tonsil epithelium (MTE) cell lines stably expressing HPV16 E6 or shPTPL1, but not of MTE cell lines expressing HPV16 E6 with deletion

of the PDZ binding motif . Overexpression of Her2, together with HPV16 E6 or shPTPL1 transfection, induced Erk1/2[82 ]
phosphorylation in this cellular model. Conversely, PTPL1 overexpression in Hek293 cells inhibited Erk1/2 and Mek1/2 activation

induced by H-Ras, Her2 or EGF-Receptor transfection. Moreover, a catalytically inactive mutant of PTPL1 was ineffective in the same

experiment, indicating that the phosphatase activity of PTPL1 is required for attenuation of MAP Kinase activation .[82 ]

PTPL1 inhibits Src activation

The first connection between PTPL1 and Src was demonstrated through the study of EphrinB phosphorylation and reverse signaling.

Indeed, transmembrane EphrinB ligands act as receptor-like  signaling molecules, which are in part mediated by tyrosine phosphorylation“ ”
and by engagement with PDZ domain proteins. Src kinase is a positive regulator of EphrinB phosphorylation and

phosphotyrosine-mediated reverse signaling. Engagement of the EphB receptor with EphrinB causes rapid recruitment of Src, transient Src

activation and phosphorylation of the cytoplasmic domain of EphrinB. In the second step, ephrinB ligands recruit PTPL1 through its PDZ

domain and are dephosphorylated. Furthermore, EphrinB and Src are dephosphorylated by the catalytic domain of PTP-BL .in vitro [83 ]
Afterwards, reversion-induced LIM (RIL), which is frequently lost in colon and other cancers as a result of epigenetic silencing, was

shown to suppress Src activation in a PTPL1-dependent manner. Indeed, RIL interacts and colocalizes with Src and also interacts with
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PTPL1. Moreover, knockdown of PTPL1 by siRNA prevents RIL-induced Src inactivation . At the same time, in order to evaluate[36 ]
whether PTPL1 plays a critical role in breast cancer progression, we performed RNA interference experiments in poorly tumorigenic

MCF-7 breast cancer cells. PTPL1 inhibition drastically increased tumor growth in athymic mice. However, , PTPL1 did not affectin vitro 

the growth of cells cultivated as cell monolayers on plastic. Therefore, we tested extinction of PTPL1 in more physiologicalin vitro 

conditions and showed that inhibiting PTPL1 also enhanced cell proliferation on extracellular matrix components (Matrigel and

fibronectin) and cell invasion on Matrigel. The Src kinase family plays a major role in the regulation of cell growth induced by cell-matrix

interactions in normal and malignant cells . Thus, we hypothesized that PTPL1 regulates breast cancer cell aggressiveness through[84 ]
inactivation of the Src kinase pathway. The inhibition of Src kinase expression drastically blocked the effects of PTPL1 silencing on cell

growth. Furthermore, the phosphorylation of Src on tyrosine 419 was increased in PTPL1 knockdown cells, leading to activation of its

downstream substrates, Fak and p130cas. Finally, substrate-trapping experiments revealed that Src tyrosine 419 is a direct target of the

phosphatase. Thus, we identified PTPL1 as the first phosphatase able to inhibit Src through direct dephosphorylation in intact cells, which

could represent a novel mechanism by which PTPL1 inhibits tumor aggressiveness .[85 ]

Other PTPL1 inhibitory actions on cell growth or migration

In addition to the effects of PTPL1 in cancer cells described above, three studies reveal a negative action of PTPL1 on cell growth or

migration in normal cells. The first of these studies concerns the interaction between PTPL1 and TRIP6, which was detailed in chapter 2.2

(Proteins interacting with PDZ-2).

The second example is the modulation of pancreatic -cell proliferation by PTP-BL through an interaction with the Wnt signalingβ
pathway . In pancreatic -cells, increased expression of HNF1  (Hepatocyte Nuclear Factor lb) led to an enhanced rate of apoptosis[86 ] β β
and altered regulation of the cell cycle. PTP-BL was identified as an HNF1 -regulated protein in -cells, and its role was analyzed inβ β
INS-1 -cells. Stably transfected cells were generated, which express either wild-type (WT) or a phosphatase-deficient mutantβ
(PTP-BL-CS) of PTP-BL. Enhanced expression of WT PTP-BL inhibited INS-1 cell growth dose-dependently, but this effect was not

observed when PTP-BL-CS was expressed. PTP-BL has been previously reported to interact with components of the Wnt signaling

pathway , and addition of exogenous Wnt3a resulted in an increase in cell proliferation and a rise in -catenin levels, consistent with[44 ] β
the involvement of this pathway in INS-1 cells. Up-regulation of WT PTP-BL antagonized these responses to Wnt3a, whereas PTP-BL-CS

failed to inhibit Wnt3a-induced proliferation. Altogether, these results indicate that PTP-BL plays an important role in the regulation of

cell cycle progression in pancreatic -cells and that it interacts functionally with components of the Wnt signaling pathway .β [86 ]

The final study is also concerned with the impact of PTPL1 in pancreatic -cells, but in regards to an interaction with the IL-4β
(interleukin-4) signaling pathway . IL-4 has been reported to mediate a protective effect against the loss of pancreatic -cells viability[87 ] β
after pro-inflammatory cytokines stimulation (IL-1  and interferon- ). This effect was abrogated by the presence of the PI3Kβ γ
(phosphoinositide 3-kinase) inhibitor, wortmannin, suggesting that activation of the PI3K pathway is involved. Increased tyrosine

phosphorylation of STAT6 (signal transducer and activator of transcription 6) also occurred in response to IL-4, and a selective JAK3

(Janus kinase 3) inhibitor reduced the cytoprotective response. Both effects were prevented by overexpression of PTP-BL, indicating that

PTP-BL can negatively regulate cell survival of pancreatic -cells .β [87 ]

Alteration of PTPL1 expression or activity in cancer

In addition to the phenotypic changes induced by the overexpression or inhibition of PTPL1, two categories of arguments have been

developed to consider PTPL1 as a tumor suppressor or oncogene.

Correlation between PTPL1 expression, transformation, patient survival and resistance to Fas-induced apoptosis

Several laboratories have looked for a correlation between PTPL1 expression and resistance to Fas-induced apoptosis in different cell

lines or tissues. Some studies have provided evidence for a high level of PTPL1 mRNA expression in Kaposi s sarcoma , pancreatic’ [88 ]
adenocarcinomas  and hepatocellular carcinomas  as well as higher expression in T helper cells type 1 (which are resistant to[89 ] [90 ]
apoptosis) than in T helper cells type 2 (which are sensitive to Fas ligand) . Several groups have shown a positive correlation between[91 ]
PTPL1 expression and resistance to Fas-induced apoptosis in HTLV-I-infected T cell lines , ovarian cancer cell lines , human[92 ] [93 ]
pancreatic cancer cell lines  and squamous cell carcinomas of the head and neck cell lines . A positive correlation between the[94 ] [67 ]
percentage of apoptotic tumor cells and the number of FasL-positive tumor infiltrating lymphocytes was observed in PTPL1-negative

colon adenocarcinomas, but not in PTPL1-positive ones . Other groups have failed to show any correlation between Fas resistance and[62 ]
PTPL1 expression in colon cancer cell lines , prostate cancer cell lines , subclones of S49.1 murine T lymphocytes , adult[95 –97 ] [98 ] [99 ]
T cell leukemia cell lines and Fas-positive human leukemia/lymphoma cell lines , , human malignant hematopoietic cell lines [100 101 ] [

, ovarian cancer cell lines or cancer specimens , . More recently, Chaudhry showed that there was no correlation102 ] [93 103 ] et al. 

between PTPL1 expression and apoptosis index in epithelial ovarian cancer after platinum-based chemotherapy . We have evaluated[104 ]
the sensitivity to Fas-mediated apoptosis of three breast cancer cell lines expressing various levels of PTPL1 mRNA: T47D cells, which

express high levels of enzyme, wild-type MCF7 cells expressing PTPL1, and the B3 transfectant MCF7 subclone, in which PTPL1
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expression has been switched off. T47D cells were sensitive to Fas mediated apoptosis, whereas B3 and MCF7 cells were equally resistant,

indicating the absence of a correlation between PTPL1 expression and Fas-sensitivity. Altogether, these studies suggested that in human

cells sensitive to Fas-mediated apoptosis, overexpression of PTPL1 inhibits Fas signaling in a cell- and species-specific manner,

suggesting the involvement of other partner(s).

The first study addressing PTPL1 expression in normal and cancerous tissue did not permit clear differentiation between normal and

cancer tissues. PTPL1 immunostaining was easily detected in numerous normal human tissues, and variable intensities of expression were

evident in 123 out of 158 cancers of various origins . Later, Meinhold-Heerlein . evaluated PTPL1 expression in 95 archival[105 ] et al 

ovarian cancer specimens using tissue-microarray technology. PTPL1 expression was high in normal fallopian tubes and was variable in

ovarian cancer, with 93 out of 95 cases containing at least 20  immunopositive cells. This study failed to reveal a significant correlation%
between PTPL1 immunostaining and response to chemotherapy or survival . Juric et al identified PTPN13 as a marker of yolk sac[93 ]
tumors compared to other germ cell tumors and other common malignant tumors . We analyzed the expression levels of PTP- , LAR[106 ] γ
and its neuronal isoform, and PTPL1 in a training set of RNA from 59 breast tumors using real time PCR methods. We found correlations

between the levels of PTPL1, current tumor markers, and survival. We then quantified the expression levels of the selected phosphatase in

232 additional samples, resulting in a testing set of 291 breast tumor RNAs from patients, with a median follow-up of 6.4 years. We

observed correlations between the expression of PTPL1 and the differentiation markers. Furthermore, univariate analysis of overall

survival demonstrated that PTPL1 was a prognostic factor, together with the progesterone receptor (PR) and node involvement. In

multivariate analyses, PTPL1 and PR retained their prognostic value, demonstrating that PTPL1 expression level is an independent

prognostic indicator of favorable outcome for patients with breast cancer . Next, we compared PTPL1 expression at the protein level[107 ]
by immunohistochemical analysis of a tissue microarray that contained benign breast tissues, primary infiltrating ductal carcinomas, and

10 matched pairs of primary tumors and lymph node metastases. Although the specimens were heterogeneous, PTPL1 expression in the

cancer tissues was significantly lower than in benign tissues, and lymph node metastases showed significantly lower levels of PTPL1

expression than paired primary tumors . At the same time, an analysis of gene expression profiles in response to an mTOR inhibitor in[85 ]
estrogen receptor-positive breast cancer classified PTPL1 in the good prognosis group of genes associated with resistance to the mTOR

inhibitor. These results are perfectly consistent with our results indicating that PTPL1 is a prognostic indicator of favorable outcome in

patients with breast cancer  and that the PI3K/Akt pathway is inhibited in breast cancer cells expressing a high level of PTPL1 .[107 ] [73 ]

Genetic and epigenetic arguments

Two separate studies indicate genetic polymorphisms in the gene and susceptibility to a variety of cancers, such as lungPTPN13 

squamous cell carcinoma, esophageal cancer  and carcinoma of head and neck , supporting the link between PTPL1 and[108 ] [109 ]
tumorigenesis. However, the implications of these polymorphisms on PTPL1 activity are unknown. In clinical human tumors, among the

19 mutations to that have been reported , eight are deletions of the entire catalytic phosphatase domain and two were shownPTPN13 [75 ]
to inhibit phosphatase activity . Furthermore, mutations of the PTPL1 gene were found in 20  of HPV-negative head and neck[76 ] %
squamous cell carcinomas  and frameshift mutations or mutations affecting the phosphatase domain were identified in hepatocellular[82 ]
carcinomas, suggesting a tumor-suppressive activity of PTPL1 . However, no mutation of the polyadenine tract of PTPN13 was[16 ]
detected in a study addressing 103 colorectal carcinomas .[110 ]

In addition to inactivating mutations in cancer, loss of heterozygosity (LOH) is a hallmark of tumor suppressor genes. isPTPN13 

located in 4q21 , a region frequently deleted in ovarian and liver cancers , . Epigenetic regulation of PTPL1[111 ] [112 112 –114 ]
expression was also documented in cancer. In a study using a total of 82 tumor cell lines, Ying . showed that the expression of PTPL1et al 

was frequently downregulated or silenced in non-Hodgkin s lymphoma (94 , 15 out of 16), Hodgkin s lymphoma (50 , three out of six),’ % ’ %
breast (30 , three out of 10), gastric (60 , six out of 10) and hepatocellular (67 , eight out of 12) carcinoma cell lines. Methylation was% % %
detected by methylation-specific PCR in virtually all of the cell lines with reduced or silenced expression, and in some cell lines,

methylation completely silenced the expression of PTPL1 . This result was confirmed in hepatocellular carcinomas, with eight out of[115 ]
12 tumors (without 4q LOH) presenting significant methylation patterns, i.e., six or more CpGs present in PTPL1 promoter .[16 ]

The last mechanism involved in PTPL1 regulation in cancer is microRNA (miRNA) dysregulation. In a large-scale study identifying

miRNA targets on the basis of a strong dysregulation signature of miRNA and mRNA levels between tumor and normal samples,

evolutionary conservation of the seed sequence and a strong reverse-correlation of expression level between miRNA and mRNA, PTPL1

was identified as a target of miR185, which was up-regulated in clear-cell renal, kidney and bladder cancers . In contrast, PTPL1 was[116 ]
proposed to be a mir-200c target responsible for Fas-dependent regulation of apoptosis in some cancer cell lines . Indeed, modification[65 ]
of the levels of miR-200 altered the sensitivity of cells to Fas-mediated apoptosis, overexpression of miR-200c induced a loss of PTPL1

expression, and shRNA against PTPL1 restored apoptosis inhibited by an anti-miR-200c .[65 ]

Concluding remarks
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The nature of the proteins that PTPL1 interacts with suggests a link between PTPL1 and tumorigenesis or cancer progression.

However, in most cases the lack of information about the effects of these interactions prevents the conclusive determination of a positive

or negative effect of PTPL1 on tumorigenesis. The positive role of PTPL1 on cell survival has been supported by numerous studies

addressing the Fas pathway, suggesting that PTPL1 inhibition can reverse resistance to Fas or carboplatin-induced apoptosis . While[117 ]
Fas itself is finally dephosphorylated, the direct substrate of PTPL1 has not been yet identified in this apoptotic pathway. However,

Fas/PTPL1 interaction is essential for this effect and its inhibition using SLV inhibitory peptide can successfully restore apoptosis in some

cases. Conversely, PTPL1 can exert positive effects on apoptosis and tumor growth-suppression by affecting various pathways initialized

by tyrosine kinases. In the majority of these pathways, the PTPL1 substrates have been clearly identified ( ).Table 1 

It is not surprising that a huge tyrosine phosphatase such as PTPL1 with multiple domains has more than one function depending on

the context and tissue. Tissue specificity is clearly insufficient to explain opposite PTPL1 regulatory roles in cancer progression. Indeed,

we can observe ( ) both positive ( Apoptosis, cell growth) and negative ( Apoptosis,  Src activation,  cell growth,  cellTable 2 ↓ ↑ ↑ ↓ ↓ ↓
invasiveness) impacts of PTPL1 in cancer progression in cells lines established from the same tissue, whenever Fas apoptosis and tyrosine

kinases signaling were addressed. This suggests that PTPL1 impact in each cellular context results from the balance between relative

influence of Fas and of some tyrosine kinase signaling (Src, IGFI-R, Her2 and unknown substrates). Blockade of Fas-induced apoptosis

through diverse mechanisms (loss in Fas expression, p53 mutation...) is a common feature of various tumors, whereas protein tyrosine

phosphorylation play a major role in many cellular functions implicated in cancer development and progression. Inhibition of oncogenic

tyrosine kinases could therefore constitute the decisive effect of PTPL1 in most cancers in agreement with genetic (mutation and LOH)

and epigenetic (methylation) arguments which predominantly support an anti-tumor impact of PTPL1 ( ), as do the retrospectiveTable 3 

clinical studies addressing the prognostic potential of PTPL1 assessment. However, therapeutic strategies that will aim to up-regulate

PTPL1 expression or activity will have to take into account the susceptibility of the targeted tumors to Fas-mediated apoptosis. Inhibitors

of PTP activity have been evidenced and (or) developed (for inhibitory compound review, see ) but no PTP pharmacological[117 ]
activator is presently known underlining the necessity for further studies on the mechanisms by which the expression and the catalytic

activity of this phosphatase is regulated.

References:
Bibliography

 1 .       Hunter T . Signaling--2000 and beyond . Cell . 2000 ; 100 : 113 - 127
 2 .       Motiwala T , Jacob ST . Role of protein tyrosine phosphatases in cancer . Prog Nucleic Acid Res Mol Biol . 2006 ; 81 : 297 - 329
 3 .       Tonks NK . Protein tyrosine phosphatases: from genes, to function, to disease . Nat Rev Mol Cell Biol . 2006 ; 7 : 833 - 846
 4 .       stman Ö A , Hellberg C , B hmer ö FD . Protein-tyrosine phosphatases and cancer . Nat Rev Cancer . 2006 ; 6 : 307 - 320

 5 .  Maekawa K , Imagawa N , Nagamatsu M , Harada S . Molecular cloning of a novel protein-tyrosine phosphatase containing a membrane-binding domain and GLGF repeats
     . FEBS Lett . 1994 ; 337 : 200 - 206

 6 .  Banville D , Ahmad S , Stocco R , Shen SH . A novel protein-tyrosine phosphatase with homology to both the cytoskeletal proteins of the band 4. 1 family and
     junction-associated guanylate kinases . J Biol Chem . 1994 ; 269 : 22320 - 22327

 7 .  Saras J , Claesson-Welsh L , Heldin CH , Gonez LJ . Cloning and characterization of PTPL1, a protein tyrosine phosphatase with similarities to cytoskeletal-associated
     proteins . J Biol Chem . 1994 ; 269 : 24082 - 24089

 8 .       Sato T , Irie S , Kitada S , Reed JC . FAP-1: a protein tyrosine phosphatase that associates with Fas . Science . 1995 ; 268 : 411 - 415
 9 .       Erdmann KS . The protein tyrosine phosphatase PTP-Basophil/Basophil-like. Interacting proteins and molecular functions . Eur J Biochem . 2003 ; 270 : 4789 - 4798
 10 .       Freiss G , Bompard G , Vignon F . PTPL1 a proapoptotic protein tyrosine phosphatase in breast cancers . Bull Cancer . 2004 ; 91 : 325 - 332
 11 .       Abaan OD , Toretsky JA . PTPL1: a large phosphatase with a split personality . Cancer Metastasis Rev . 2008 ; 27 : 205 - 214
 12 .  Nakahira M , Tanaka T , Robson BE , Mizgerd JP , Grusby MJ . Regulation of signal transducer and activator of transcription signaling by the tyrosine phosphatase

     PTP-BL . Immunity . 2007 ; 26 : 163 - 176
 13 .  Wansink DG , Peters W , Schaafsma I , Sutmuller RP , Oerlemans F , Adema GJ , Wieringa B , van der Zee CE , Hendriks W . Mild impairment of motor nerve repair in

     mice lacking PTP-BL tyrosine phosphatase activity . Physiol Genomics . 2004 ; 19 : 50 - 60
 14 .   Lorber B , Hendriks WJ , van der Zee CE , Berry M , Logan A . Effects of LAR and PTP-BL phosphatase deficiency on adult mouse retinal cells activated by lens injury .

    Eur J Neurosci . 2005 ; 21 : 2375 - 2383
 15 .   Glondu-Lassis M , Dromard M , Chavey C , Puech C , Fajas L , Hendriks W , Freiss G . Downregulation of protein tyrosine phosphatase PTP-BL represses adipogenesis .

    Int J Biochem Cell Biol . 2009 ; 41 : 2173 - 2180
 16 .  Yeh SH , Wu DC , Tsai CY , Kuo TJ , Yu WC , Chang YS , Chen CL , Chang CF , Chen DS , Chen PJ . Genetic characterization of fas-associated phosphatase-1 as a

     putative tumor suppressor gene on chromosome 4q21. 3 in hepatocellular carcinoma . Clin Cancer Res . 2006 ; 12 : 1097 - 1108
 17 .       Mangeat P , Roy C , Martin M . ERM proteins in cell adhesion and membrane dynamics . Trends Cell Biol . 1999 ; 9 : 187 - 192
 18 .     Cuppen E , Wijers M , Schepens J , Fransen J , Wieringa B , Hendriks W . A FERM domain governs apical confinement of PTP-BL in epithelial cells . J Cell Sci . 1999 ;
  112 : 3299 - 3308
 19 .  Bompard G , Martin M , Roy C , Vignon F , Freiss G . Membrane targeting of protein tyrosine phosphatase PTPL1 through its FERM domain via binding to

     phosphatidylinositol 4,5-biphosphate . J Cell Sci . 2003 ; 116 : 2519 - 2530
 20 .   Kimber WA , Deak M , Prescott AR , Alessi DR . Interaction of the protein tyrosine phosphatase PTPL1 with the PtdIns(3,4)P2-binding adaptor protein TAPP1 . Biochem

    J . 2003 ; 376 : 525 - 535
 21 .       Harris BZ , Lim WA . Mechanism and role of PDZ domains in signaling complex assembly . J Cell Sci . 2001 ; 114 : 3219 - 3231
 22 .       Sheng M , Sala C . PDZ domains and the organization of supramolecular complexes . Annu Rev Neurosci . 2001 ; 24 : 1 - 29
 23 .   Hillier BJ , Christopherson KS , Prehoda KE , Bredt DS , Lim WA . Unexpected modes of PDZ domain scaffolding revealed by structure of nNOS-syntrophin complex .

    Science . 1999 ; 284 : 812 - 815
 24 .  Christopherson KS , Hillier BJ , Lim WA , Bredt DS . PSD-95 assembles a ternary complex with the N-methyl-D-aspartic acid receptor and a bivalent neuronal NO

     synthase PDZ domain . J Biol Chem . 1999 ; 274 : 27467 - 27473
 25 .   Cuppen E , Gerrits H , Pepers B , Wieringa B , Hendriks W . PDZ motifs in PTP-BL and RIL bind to internal protein segments in the LIM domain protein RIL . Mol Biol
    Cell . 1998 ; 9 : 671 - 683



Anticancer Agents Med Chem . Author manuscript

Page /9 13

 26 .  Maekawa K , Imagawa N , Naito A , Harada S , Yoshie O , Takagi S . Association of protein-tyrosine phosphatase PTP-BAS with the transcription-factor-inhibitory
     protein I B  through interaction between the PDZ1 domain and ankyrin repeats κ α . Biochem J . 1999 ; 337 : 179 - 184

 27 .  Hogan A , Yakubchyk Y , Chabot J , Obagi C , Daher E , Maekawa K , Gee SH . The phosphoinositol 3,4-bisphosphate-binding protein TAPP1 interacts with syntrophins
     and regulates actin cytoskeletal organization . J Biol Chem . 2004 ; 279 : 53717 - 53724

 28 .  Kim S , Lee J , Park J , Chung J . BP75, bromodomain-containing Mr 75,000 protein, binds dishevelled-1 and enhances Wnt signaling by inactivating glycogen synthase
     kinase-3  β . Cancer Res . 2003 ; 63 : 4792 - 4795

 29 .   Zhang W , Tong Q , Conrad K , Wozney J , Cheung JY , Miller BA . Regulation of TRP channel TRPM2 by the tyrosine phosphatase PTPL1 . Am J Physiol Cell Physiol .
   2007 ; 292 : C1746 - C1758

 30 .       Fan C , Yang J , Engelhardt JF . Temporal pattern of NF B activation influences apoptotic cell fate in a stimuli-dependent fashion κ . J Cell Sci . 2002 ; 115 : 4843 - 4853

 31 .      Kawai H , Nie L , Yuan ZM . Inactivation of NF- B-dependent cell survival, a novel mechanism for the proapoptotic function of c-Abl κ . Mol Cell Biol . 2002 ; 22 : 6079 -

6088
 32 .  Irie S , Hachiya T , Rabizadeh S , Maruyama W , Mukai J , Li Y , Reed JC , Bredesen DE , Sato TA . Functional interaction of Fas-associated phosphatase-1 (FAP-1) with

     p75 and their effect on NF- B activation NTR κ . FEBS Lett . 1999 ; 460 : 191 - 198

 33 .  Cuppen E , van Ham M , Wansink DG , de Leeuw A , Wieringa B , Hendriks W . The zyxin-related protein TRIP6 interacts with PDZ motifs in the adaptor protein RIL
     and the protein tyrosine phosphatase PTP-BL . Eur J Cell Biol . 2000 ; 79 : 283 - 293

 34 .  Murthy KK , Clark K , Fortin Y , Shen SH , Banville D . ZRP-1, a zyxin-related protein, interacts with the second PDZ domain of the cytosolic protein tyrosine
     phosphatase hPTP1E . J Biol Chem . 1999 ; 274 : 20679 - 20687

 35 .  Boumber YA , Kondo Y , Chen X , Shen L , Gharibyan V , Konishi K , Estey E , Kantarjian H , Garcia-Manero G , Issa JP . RIL, a LIM gene on 5q31, is silenced by
     methylation in cancer and sensitizes cancer cells to apoptosis . Cancer Res . 2007 ; 67 : 1997 - 2005

 36 .       Zhang Y , Tu Y , Zhao J , Chen K , Wu C . Reversion-induced LIM interaction with Src reveals a novel Src inactivation cycle . J Cell Biol . 2009 ; 184 : 785 - 792
 37 .       Wang Y , Gilmore TD . Zyxin and paxillin proteins: focal adhesion plaque LIM domain proteins go nuclear . Biochim Biophys Acta . 2003 ; 1593 : 115 - 120
 38 .  Yi J , Kloeker S , Jensen CC , Bockholt S , Honda H , Hirai H , Beckerle MC . Members of the Zyxin family of LIM proteins interact with members of the p130Cas family

     of signal transducers . J Biol Chem . 2002 ; 277 : 9580 - 9589
 39 .  Takizawa N , Smith TC , Nebl T , Crowley JL , Palmieri SJ , Lifshitz LM , Ehrhardt AG , Hoffman LM , Beckerle MC , Luna EJ . Supervillin modulation of focal

     adhesions involving TRIP6/ZRP-1 . J Cell Biol . 2006 ; 174 : 447 - 458
 40 .    Bai CY , Ohsugi M , Abe Y , Yamamoto T . ZRP-1 controls Rho GTPase-mediated actin reorganization by localizing at cell-matrix and cell-cell adhesions . J Cell Sci .

   2007 ; 120 : 2828 - 2837
 41 .  Chastre E , Abdessamad M , Kruglov A , Bruyneel E , Bracke M , Di Gioia Y , Beckerle MC , van Roy F , Kotelevets L . TRIP6, a novel molecular partner of the MAGI-1

     scaffolding molecule, promotes invasiveness . FASEB J . 2009 ; 23 : 916 - 928
 42 .    Lai YJ , Chen CS , Lin WC , Lin FT . c-Src-mediated phosphorylation of TRIP6 regulates its function in lysophosphatidic acid-induced cell migration . Mol Cell Biol .

   2005 ; 25 : 5859 - 5868
 43 .       Lai YJ , Lin WC , Lin FT . PTPL1/FAP-1 negatively regulates TRIP6 function in lysophosphatidic acid-induced cell migration . J Biol Chem . 2007 ; 282 : 24381 - 24387
 44 .  Erdmann KS , Kuhlmann J , Lessmann V , Herrmann L , Eulenburg V , Muller O , Heumann R . The Adenomatous Polyposis Coli-protein (APC) interacts with the protein

     tyrosine phosphatase PTP-BL via an alternatively spliced PDZ domain . Oncogene . 2000 ; 19 : 3894 - 3901
 45 .  Gross C , Heumann R , Erdmann KS . The protein kinase C-related kinase PRK2 interacts with the protein tyrosine phosphatase PTP-BL via a novel PDZ domain binding

     motif . FEBS Lett . 2001 ; 496 : 101 - 104
 46 .       Sato S , Fujita N , Tsuruo T . Regulation of kinase activity of 3-phosphoinositide-dependent protein kinase-1 by binding to 14-3-3 . J Biol Chem . 2002 ; 277 : 39360 -

39367
 47 .       Schmidt A , Durgan J , Magalhaes A , Hall A . Rho GTPases regulate PRK2/PKN2 to control entry into mitosis and exit from cytokinesis . EMBO J . 2007 ; 26 : 1624 -

1636
 48 .  van Ham M , Croes H , Schepens J , Fransen J , Wieringa B , Hendriks W . Cloning and characterization of mCRIP2, a mouse LIM-only protein that interacts with PDZ

     domain IV of PTP-BL . Genes Cells . 2003 ; 8 : 631 - 644
 49 .  Saras J , Franzen P , Aspenstrom P , Hellman U , Gonez LJ , Heldin CH . A novel GTPase-activating protein for Rho interacts with a PDZ domain of the protein-tyrosine

     phosphatase PTPL1 . J Biol Chem . 1997 ; 272 : 24333 - 24338
 50 .  Myagmar BE , Umikawa M , Asato T , Taira K , Oshiro M , Hino A , Takei K , Uezato H , Kariya K . PARG1, a protein-tyrosine phosphatase-associated RhoGAP, as a

     putative Rap2 effector . Biochem Biophys Res Commun . 2005 ; 329 : 1046 - 1052
 51 . Ripperger T , von Neuhoff N , Kamphues K , Emura M , Lehmann U , Tauscher M , Schraders M , Groenen P , Skawran B , Rudolph C , Callet-Bauchu E , van Krieken 

     JH , Schlegelberger B , Steinemann D . Promoter methylation of PARG1, a novel candidate tumor suppressor gene in mantle-cell lymphomas . Haematologica . 2007 ; 92 : 460
 - 468

 52 .       Lin D , Gish GD , Songyang Z , Pawson T . The carboxyl terminus of B class ephrins constitutes a PDZ domain binding motif . J Biol Chem . 1999 ; 274 : 3726 - 3733
 53 .       Lee HS , Nishanian TG , Mood K , Bong YS , Daar IO . EphrinB1 controls cell-cell junctions through the Par polarity complex . Nat Cell Biol . 2008 ; 10 : 979 - 986
 54 .  Yanagisawa J , Takahashi M , Kanki H , Yano-Yanagisawa H , Tazunoki T , Sawa E , Nishitoba T , Kamishohara M , Kobayashi E , Kataoka S , Sato T . The molecular

     interaction of Fas and FAP-1. A tripeptide blocker of human Fas interaction with FAP-1 promotes Fas-induced apoptosis . J Biol Chem . 1997 ; 272 : 8539 - 8545
 55 .  Saras J , Engstrom U , Gonez LJ , Heldin CH . Characterization of the interactions between PDZ domains of the protein-tyrosine phosphatase PTPL1 and the

     carboxyl-terminal tail of Fas . J Biol Chem . 1997 ; 272 : 20979 - 20981
 56 .  Cuppen E , Nagata S , Wieringa B , Hendriks W . No evidence for involvement of mouse protein-tyrosine phosphatase-BAS-like Fas-associated phosphatase-1 in

     Fas-mediated apoptosis . J Biol Chem . 1997 ; 272 : 30215 - 30220
 57 .   Li Y , Kanki H , Hachiya T , Ohyama T , Irie S , Tang G , Mukai J , Sato T . Negative regulation of Fas-mediated apoptosis by FAP-1 in human cancer cells . Int J Cancer 

    . 2000 ; 87 : 473 - 479
 58 .  Ungefroren H , Kruse ML , Trauzold A , Roeschmann S , Roeder C , Arlt A , Henne-Bruns D , Kalthoff H . FAP-1 in pancreatic cancer cells: functional and mechanistic

     studies on its inhibitory role in CD95-mediated apoptosis . J Cell Sci . 2001 ; 114 : 2735 - 2746
 59 .    Ivanov VN , Lopez BP , Maulit G , Sato TA , Sassoon D , Ronai Z . FAP-1 association with Fas (Apo-1) inhibits Fas expression on the cell surface . Mol Cell Biol . 2003 ;
  23 : 3623 - 3635
 60 .   Foehr ED , Lorente G , Vincent V , Nikolich K , Urfer R . FAS associated phosphatase (FAP-1) blocks apoptosis of astrocytomas through dephosphorylation of FAS . J

    Neurooncol . 2005 ; 74 : 241 - 248
 61 .  Miyazaki T , Atarashi Y , Yasumura S , Minatoya I , Ogawa K , Iwamoto M , Minemura M , Shimizu Y , Sato TA , Watanabe A , Sugiyama T . Fas-associated

     phosphatase-1 promotes Fas-mediated apoptosis in human colon cancer cells: novel function of FAP-1 . J Gastroenterol Hepatol . 2006 ; 21 : 84 - 91
 62 .      Yao H , Song E , Chen J , Hamar PF . Br J Cancer . 2004 ; 91 : 1718 - 1725
 63 .  Huang W , Zhu C , Wang H , Horvath E , Eklund EA . The interferon consensus sequence-binding protein (ICSBP/IRF8) represses PTPN13 gene transcription in

     differentiating myeloid cells . J Biol Chem . 2008 ; 283 : 7921 - 7935
 64 .  Xiao ZY , Wu W , Eagleton N , Chen HQ , Shao J , Teng H , Liu TH , Jiang ZM , Yao HR . Silencing Fas-associated phosphatase 1 expression enhances efficiency of

     chemotherapy for colon carcinoma with oxaliplatin . World J Gastroenterol . 2010 ; 16 : 112 - 118
 65 .       Schickel R , Park SM , Murmann AE , Peter ME . miR-200c regulates induction of apoptosis through CD95 by targeting FAP-1 . Mol Cell . 2010 ; 38 : 908 - 915
 66 .  Ivanov VN , Ronai Z , Hei TK . Opposite roles of FAP-1 and dynamin in the regulation of Fas (CD95) translocation to the cell surface and susceptibility to Fas

     ligand-mediated apoptosis . J Biol Chem . 2006 ; 281 : 1840 - 1852



Anticancer Agents Med Chem . Author manuscript

Page /10 13

 67 .  Wieckowski E , Atarashi Y , Stanson J , Sato TA , Whiteside TL . FAP-1-mediated activation of NF- B induces resistance of head and neck cancer to Fas-inducedκ
     apoptosis . J Cell Biochem . 2007 ; 100 : 16 - 28

 68 .  Abaan OD , Levenson A , Khan O , Furth PA , Uren A , Toretsky JA . PTPL1 is a direct transcriptional target of EWS-FLI1 and modulates Ewing s Sarcoma’
     tumorigenesis . Oncogene . 2005 ; 24 : 2715 - 2722

 69 .   Vignon F , Bouton MM , Rochefort H . Antiestrogens inhibit the mitogenic effect of growth factors on breast cancer cells in the total absence of estrogens . Biochem
    Biophys Res Commun . 1987 ; 146 : 1502 - 1508

 70 .   Freiss G , Galtier F , Puech C , Aknin C , Maudelonde T , Chalbos D , Vignon F . Anti-growth factor activities of benzothiophenes in human breast cancer cells . J Steroid
  Biochem Mol Biol . 2005 ; 94 -

 71 .       Freiss G , Vignon F . Antiestrogens increase protein tyrosine phosphatase activity in human breast cancer cells . Mol Endocrinol . 1994 ; 8 : 1389 - 1396
 72 .  Freiss G , Puech C , Vignon F . Extinction of insulin-like growth factor-I mitogenic signaling by antiestrogen-stimulated Fas-associated protein tyrosine phosphatase-1 in

     human breast cancer cells . Mol Endocrinol . 1998 ; 12 : 568 - 579
 73 .    Bompard G , Puech C , Prebois C , Vignon F , Freiss G . Protein-tyrosine phosphatase PTPL1/FAP-1 triggers apoptosis in human breast cancer cells . J Biol Chem . 2002 ;
  277 : 47861 - 47869

 74 .  Dromard M , Bompard G , Glondu-Lassis M , Puech C , Chalbos D , Freiss G . The Putative Tumor Suppressor Gene PTPN13/PTPL1 Induces Apoptosis through Insulin
     Receptor Substrate-1 Dephosphorylation . Cancer Res . 2007 ; 67 : 6806 - 6813

 75 . Wang Z , Shen D , Parsons DW , Bardelli A , Sager J , Szabo S , Ptak J , Silliman N , Peters BA , van der Heijden MS , Parmigiani G , Yan H , Wang TL , Riggins G , 
    Powell SM , Willson JK , Markowitz S , Kinzler KW , Vogelstein B , Velculescu VE . Mutational analysis of the tyrosine phosphatome in colorectal cancers . Science . 2004 ;

  304 : 1164 - 1166
 76 .  Zhu JH , Chen R , Yi W , Cantin GT , Fearns C , Yang Y , Yates JR III , ;Lee JD . Protein tyrosine phosphatase PTPN13 negatively regulates Her2/ErbB2 malignant

     signaling . Oncogene . 2008 ; 27 : 2525 - 2531
 77 .       Kawano S , Ikeda W , Kishimoto M , Ogita H , Takai Y . Silencing of ErbB3/ErbB2 signaling by immunoglobulin-like Necl-2 . J Biol Chem . 2009 ; 284 : 23793 - 23805
 78 .    Kawano S , Ikeda W , Kishimoto M , Ogita H , Takai Y . Silencing of ErbB3/ErbB2 signaling by immunoglobulin-like Necl-2 . J Biol Chem . 2009 ;
 79 .   Lucci MA , Orlandi R , Triulzi T , Tagliabue E , Balsari A , Villa-Moruzzi E . Expression profile of tyrosine phosphatases in HER2 breast cancer cells and tumors . Cell

    Oncol . 2010 ; 32 : 361 - 372
 80 .  Spanos WC , Geiger J , Anderson ME , Harris GF , Bossler AD , Smith RB , Klingelhutz AJ , Lee JH . Deletion of the PDZ motif of HPV16 E6 preventing

     immortalization and anchorage-independent growth in human tonsil epithelial cells . Head Neck . 2008 ; 30 : 139 - 147
 81 .  Spanos WC , Hoover A , Harris GF , Wu S , Strand GL , Anderson ME , Klingelhutz AJ , Hendriks W , Bossler AD , Lee JH . The PDZ binding motif of human

     papillomavirus type 16 E6 induces PTPN13 loss, which allows anchorage-independent growth and synergizes with ras for invasive growth . J Virol . 2008 ; 82 : 2493 - 2500
 82 .  Hoover AC , Strand GL , Nowicki PN , Anderson ME , Vermeer PD , Klingelhutz AJ , Bossler AD , Pottala JV , Hendriks WJ , Lee JH . Impaired PTPN13 phosphatase

     activity in spontaneous or HPV-induced squamous cell carcinomas potentiates oncogene signaling through the MAP kinase pathway . Oncogene . 2009 ; 28 : 3960 - 3970
 83 .  Palmer A , Zimmer M , Erdmann KS , Eulenburg V , Porthin A , Heumann R , Deutsch U , Klein R . EphrinB phosphorylation and reverse signaling: regulation by Src

     kinases and PTP-BL phosphatase . Mol Cell . 2002 ; 9 : 725 - 737
 84 .       Mitra SK , Schlaepfer DD . Integrin-regulated FAK-Src signaling in normal and cancer cells . Curr Opin Cell Biol . 2006 ; 18 : 516 - 523
 85 .  Glondu-Lassis M , Dromard M , Lacroix-Triki M , Nirde P , Puech C , Knani D , Chalbos D , Freiss G . PTPL1/PTPN13 regulates breast cancer cell aggressiveness

     through direct inactivation of Src kinase . Cancer Res . 2010 ; 70 : 5116 - 5126
 86 .  Welters HJ , Oknianska A , Erdmann KS , Ryffel GU , Morgan NG . The protein tyrosine phosphatase-BL, modulates pancreatic -cell proliferation by interaction withβ

     the Wnt signalling pathway . J Endocrinol . 2008 ; 197 : 543 - 552
 87 .  Kaminski A , Welters HJ , Kaminski ER , Morgan NG . Human and rodent pancreatic -cells express IL-4 receptors and IL-4 protects against -cell apoptosis byβ β

     activation of the PI3K and JAK/STAT pathways . Biosci Rep . 2010 ; 30 : 169 - 175
 88 .     Mori S , Murakami-Mori K , Jewett A , Nakamura S , Bonavida B . Resistance of AIDS-associated Kaposi s sarcoma cells to Fas-mediated apoptosis ’ . Cancer Res . 1996 ;

  56 : 1874 - 1879
 89 .  Ungefroren H , Voss M , Jansen M , Roeder C , Henne-Bruns D , Kremer B , Kalthoff H . Human pancreatic adenocarcinomas express Fas and Fas ligand yet are resistant

     to Fas-mediated apoptosis . Cancer Res . 1998 ; 58 : 1741 - 1749
 90 . Lee SH , Shin MS , Lee HS , Bae JH , Lee HK , Kim HS , Kim SY , Jang JJ , Joo M , Kang YK , Park WS , Park JY , Oh RR , Han SY , Lee JH , Kim SH , Lee JY , Yoo 

      NJ . Expression of Fas and Fas-related molecules in human hepatocellular carcinoma . Hum Pathol . 2001 ; 32 : 250 - 256
 91 .  Zhang X , Brunner T , Carter L , Dutton RW , Rogers P , Bradley L , Sato T , Reed JC , Green D , Swain SL . Unequal death in T helper cell (Th)1 and Th2 effectors:

     Th1, but not Th2, effectors undergo rapid Fas/FasL-mediated apoptosis . J Exp Med . 1997 ; 185 : 1837 - 1849
 92 .  Arai M , Kannagi M , Matsuoka M , Sato T , Yamamoto N , Fujii M . Expression of FAP-1 (Fas-associated phosphatase) and resistance to Fas-mediated apoptosis in T

     cell lines derived from human T cell leukemia virus type 1-associated myelopathy/tropical spastic paraparesis patients . AIDS Res Hum Retroviruses . 1998 ; 14 : 261 - 267
 93 .  Meinhold-Heerlein I , Stenner-Liewen F , Liewen H , Kitada S , Krajewska M , Krajewski S , Zapata JM , Monks A , Scudiero DA , Bauknecht T , Reed JC . Expression

     and potential role of Fas-associated phosphatase-1 in ovarian cancer . Am J Pathol . 2001 ; 158 : 1335 - 1344
 94 .  Elnemr A , Ohta T , Yachie A , Kayahara M , Kitagawa H , Fujimura T , Ninomiya I , Fushida S , Nishimura GI , Shimizu K , Miwa K . Human pancreatic cancer cells

     disable function of Fas receptors at several levels in Fas signal transduction pathway . Int J Oncol . 2001 ; 18 : 311 - 316
 95 .   Tillman DM , Harwood FG , Gibson AA , Houghton JA . Expression of genes that regulate Fas signalling and Fas-mediated apoptosis in colon carcinoma cells . Cell

    Death Differ . 1998 ; 5 : 450 - 457
 96 .   Hayashi H , Tatebe S , Osaki M , Goto A , Sato K , Ito H . Anti-Fas antibody-induced apoptosis in human colorectal carcinoma cell lines: role of the p53 gene . Apoptosis 

    . 1998 ; 3 : 431 - 437
 97 .    Houghton JA , Harwood FG , Gibson AA , Tillman DM . The fas signaling pathway is functional in colon carcinoma cells and induces apoptosis . Clin Cancer Res . 1997 ;

  3 : 2205 - 2209
 98 .     Hedlund TE , Duke RC , Schleicher MS , Miller GJ . Fas-mediated apoptosis in seven human prostate cancer cell lines: correlation with tumor stage . Prostate . 1998 ; 36 :
 92 - 101
 99 .   Broome HE , Dargan CM , Brunner T , Green DR . Sensitivity of S49. 1 cells to anti-CD95 (Fas/Apo-1)-induced apoptosis: effects of CD95, Bcl-2 or Bcl-x transduction .

    Cell Death Differ . 1998 ; 5 : 200 - 205
 100 .  Komada Y , Inaba H , Zhou YW , Zhang XL , Tanaka S , Azuma E , Sakurai M . mRNA expression of Fas receptor (CD95)-associated proteins (Fas-associated

  phosphatase-1/FAP-1, Fas-associating protein with death domain/FADD, and receptor-interacting protein/RIP) in human leukaemia/lymphoma cell lines . Br J Haematol . 1997
   ; 99 : 325 - 330

 101 .  Yamada Y , Sugahara K , Tsuruda K , Nohda K , Hata T , Maeda T , Honda M , Tawara M , Hayashibara T , Joh T , Tomonaga M , Miyazaki Y , Kamihira S .
     Fas-resistance in ATL cell lines not associated with HTLV-I or FAP-1 production . Cancer Lett . 1999 ; 147 : 215 - 219

 102 .      Kim KM , Lee K , Hong YS , Park HY . Fas-mediated apoptosis and expression of related genes in human malignant hematopoietic cells . Exp Mol Med . 2000 ; 32 :
 246 - 254
 103 .  Hayakawa A , Wu J , Kawamoto Y , Zhou YW , Tanuma S , Nakashima I , Suzuki H . Activation of caspase-8 is critical for sensitivity to cytotoxic anti-Fas

     antibody-induced apoptosis in human ovarian cancer cells . Apoptosis . 2002 ; 7 : 107 - 113
 104 .  Chaudhry P , Srinivasan R , Patel FD . Expression of the major fas family and Bcl-2 family of proteins in epithelial ovarian cancer (EOC) and their correlation to

     chemotherapeutic response and outcome . Oncol Res . 2010 ; 18 : 549 - 559
 105 .  Lee SH , Shin MS , Park WS , Kim SY , Kim HS , Lee JH , Han SY , Lee HK , Park JY , Oh RR , Jang JJ , Lee JY , Yoo NJ . Immunohistochemical localization of

     FAP-1, an inhibitor of Fas-mediated apoptosis, in normal and neoplastic human tissues . APMIS . 1999 ; 107 : 1101 - 1108



Anticancer Agents Med Chem . Author manuscript

Page /11 13

 106 .  Juric D , Sale S , Hromas RA , Yu R , Wang Y , Duran GE , Tibshirani R , Einhorn LH , Sikic BI . Gene expression profiling differentiates germ cell tumors from other
     cancers and defines subtype-specific signatures . Proc Natl Acad Sci U S A . 2005 ; 102 : 17763 - 17768

 107 .  Revillion F , Puech C , Rabenoelina F , Chalbos D , Peyrat JP , Freiss G . Expression of the putative tumor suppressor gene PTPN13/PTPL1 is an independent prognostic
     marker for overall survival in breast cancer . Int J Cancer . 2009 ; 124 : 638 - 643

 108 .  Mita Y , Yasuda Y , Sakai A , Yamamoto H , Toyooka S , Gunduz M , Tanabe S , Naomoto Y , Ouchida M , Shimizu K . Missense polymorphisms of PTPRJ and
     PTPN13 genes affect susceptibility to a variety of human cancers . J Cancer Res Clin Oncol . 2010 ; 136 : 249 - 259

 109 .   Niu J , Huang YJ , Wang LE , Sturgis EM , Wei Q . Genetic polymorphisms in the PTPN13 gene and risk of squamous cell carcinoma of head and neck . Carcinogenesis 
    . 2009 ; 30 : 2053 - 2058

 110 .       Jeong EG , Lee SH , Yoo NJ , Lee SH . Mutational analysis of FLASH and PTPN13 genes in colorectal carcinomas . Pathology . 2008 ; 40 : 31 - 34
 111 .  Inazawa J , Ariyama T , Abe T , Druck T , Ohta M , Huebner K , Yanagisawa J , Reed JC , Sato T . PTPN13, a fas-associated protein tyrosine phosphatase, is located on

     the long arm of chromosome 4 at band q21. 3 . Genomics . 1996 ; 31 : 240 - 242
 112 .       Sato T , Saito H , Morita R , Koi S , Lee JH , Nakamura Y . Allelotype of human ovarian cancer . Cancer Res . 1991 ; 51 : 5118 - 5122
 113 .  Zhang WD , Hirohashi S , Tsuda H , Shimosato Y , Yokota J , Terada M , Sugimura T . Frequent loss of heterozygosity on chromosomes 16 and 4 in human

     hepatocellular carcinoma . Jpn J Cancer Res . 1990 ; 81 : 108 - 111
 114 .  Jou YS , Lee CS , Chang YH , Hsiao CF , Chen CF , Chao CC , Wu LS , Yeh SH , Chen DS , Chen PJ . Clustering of minimal deleted regions reveals distinct genetic

     pathways of human hepatocellular carcinoma . Cancer Res . 2004 ; 64 : 3030 - 3036
 115 .  Ying J , Li H , Cui Y , Wong AH , Langford C , Tao Q . Epigenetic disruption of two proapoptotic genes MAPK10/JNK3 and PTPN13/FAP-1 in multiple lymphomas

     and carcinomas through hypermethylation of a common bidirectional promoter . Leukemia . 2006 ; 20 : 1173 - 1175
 116 .  Liu H , Brannon AR , Reddy AR , Alexe G , Seiler MW , Arreola A , Oza JH , Yao M , Juan D , Liou LS , Ganesan S , Levine AJ , Rathmell WK , Bhanot GV .

    Identifying mRNA targets of microRNA dysregulated in cancer: with application to clear cell Renal Cell Carcinoma . BMC Syst Biol . 2010 ; 4 : 51 -
 117 .       Heneberg P . Use of protein tyrosine phosphatase inhibitors as promising targeted therapeutic drugs . Curr Med Chem . 2009 ; 16 : 706 - 733

Fig. 1
scheme of PTPL1domains and interacting partners. Arrow from the catalytic domain points direct substrates (black) and putative substrates

(grey)
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Table 1

Putative substrate of PTPL1 (adapted from ).2008 Abaan et al. [12 ]
Putative substrate Dephosphorylation Substrate trapping Partner (interaction with PTPL1-Wt)

in vitro in vivo in vitro in vivo in vitro in vivo

IRS-1 Yes Yes (transfection full-length dominant negative and PTPL1-Wt, siRNA) Yes Yes
Her2 Yes (transfection full-length PTPL1-WT, si RNA) Yes
Src Yes Yes (transfection full-length PTPL1-WT, si RNA) Yes Yes Indirect ( RIL)via 
EphrinB1 Yes Yes (transfection full-length PTPL1-WT) Yes Yes (Partial PTPL1)
Trip6 Yes Yes (transfection full-length PTPL1-WT, si RNA) Yes Yes
I Bκ α Yes Yes (partial dominant-negative) Yes Yes

STAT4 Yes Yes (transfection full-length dominant negative and PTP-BL-Wt) Yes

Table 2
Phenotypic changes that occur upon overexpression or inhibition of PTPL1 expression : organization by tissues and cell lines.

Tissue Cell lines Phenotypic Observations PTPL1 effect

Hematopoietic cells Jurkat cells PTPL1 overexpression inhibits Fas apoptosis [8 ] ↓apoptosis

U937 myelomono-cytic
leukemia cell

SLV inhibitory peptide restores Fas apoptosis [63 ] ↓apoptosis

Colon DLD-1 SLV inhibitory peptide restores Fas apoptosis [54 ] ↓apoptosis

SW480 PTPL1 overexpression increases Fas apoptosis [61 ] ↑apoptosis

Inhibition of PTPL1 expression increases apoptosis induced by Oxaliplatin [64 ] ↓apoptosis

HCT-116 Inhibition of PTPL1 expression increases Fas apoptosis [65 ] ↓apoptosis

Inhibition of PTPL1 expression prevents RIL-induced Src inactivation [36 ] ↓ Src activation

Primary cultured cancer
cells

SLV inhibitory peptide restores Fas apoptosis [62 ] ↓Apoptosis

Stomach TMK1 PTPL1 overexpression decreases Fas apoptosis [57 ] ↓apoptosis

Pancreas Capan-1 pancreatic cancer
cells

PTPL1 overexpression decreases Fas apoptosis [58 ] ↓apoptosis

Panc89 pancreatic cancer
cells

Vanadate induces Fas sensitivity.

SLV inhibitory peptide restores Fas apoptosis [58 ]
↓apoptosis

INS-1 -cells pancreatic β β
-cells

PTPL1 overexpression inhibits INS-1 cell growth and antagonizes Wnt3a proliferative action[86 ] ↓ cell growth

Melanocytes FEMX
OM431
LU1205

Expression of PTPL1 reduces cell surface Fas level.

Inhibition of PTPL1 expression or expression of dominant-negative up-regulate surface Fas levels [59 ][66 ]
↓apoptosis

Breast MCF7 Inhibition of PTPL1 expression fails to restore Fas apoptosis and inhibits antioestrogen-induced apoptosis [73 ]

PTPL1 overexpression dephosphoryles IRS-1 and inhibits IGF-1 survival signaling [74 ]

Inhibition of PTPL1 expression induces xenograft growth, cell growth on Matrigel, cell invasiveness and Src activation [85 ]

↑apoptosis
 cell growth↓
 cell invasiveness↓

T47D Inhibition of PTPL1 expression induces cell growth on Matrigel, cell invasiveness and Src activation [85 ] ↓ cell growth
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Brain D566
Glioblastoma

Inhibition of PTPL1 expression increases Fas apoptosis [60 ] ↓apoptosis

Ovary SKOV3 Inhibition of PTPL1 expression promotes invasiveness and Her2 signaling [76 ] ↓ cell invasiveness

Lung TIG3 embryonic
fibroblasts

Inhibition of PTPL1 expression or expression of dominant- negative up-regulates surface Fas levels [59 ] ↓apoptosis

A549 PTPL1 expression is necessary for inhibition by necl2 of Her2 signaling, cell movement and survival [77 ] ↑apoptosis

Squamous cell carcinomas of
the head and neck

PCI-15A Fas resistant Inhibition of PTPL1 expression increases Fas apoptosis [67 ] ↓apoptosis

early-passage human
tonsil epithelial cells

Inhibition of PTPL1 expression induces anchorage-independent growth with H-Ras and invasive growth of xenografts. PTPL1

expression reverses anchorage-independent growth in cells lacking PTPL1 [81 ]
Overexpression of Her2 with shPTPL1 transfection induced Erk1/2 phosphorylation. PTPL1 overexpression inhibited Erk1/2 and

Mek1/2 activation induced by H-Ras, Her2 or EGF-Receptor transfection [80 ]

↓ cell growth  cell↓
invasiveness

Ewing s Sarcoma Family of’
Tumors

TC71 Reduction of PTPL1 protein levels, using an antisense strategy, leads to reductions in both anchorage-dependent and

anchorage-independent cell growth induced by EWS-FLI1[68 ]
↑cell growth

Kidney HEK293
embryonic cells

Expression of PTPL1 Inhibits LPA induced cell motility [43 ] ↓ cell invasiveness

Table 3
Alterations of PTPL1 expression or activity in tumor tissues : new arguments for Tumor Suppressor Gene (TSG) or Oncogene (Onco) activity of PTPL1.

Cancer tissues Method Observations TSG or
Onco

Yao H et al 2004 Colon (28 tumors) IHC Correlation between apoptotic tumour cells and FasL-positive lymphocytes in FAP-1 negative cancers, but not in
FAP-1-positive ones

Onco

Wang et al 2004 Colorectal (211 tumors) Mutation analysis Identification of 19 mutations in gene in tumors among them 8 deleted the catalytic phosphatase domainPTPN13 TSG

Yeh et al 2006 Liver (24 paired tumorous/non tumorous
tissues)
(12 tumors)
(70 tumors)

RT/PCR Significantly decreased expression of FAP-1 in 50  of hepatocellular carcinomas compared with the corresponding%
nontumorous liver tissues

TSG

Promoter
methylation

significant methylation pattern of PTPL1 promoter region in 8 out of 12 hepatocellular carcinomas without 4q21
LOH

TSG

Mutat ion
alanalysis

Missense mutations identified in 7  of primary carcinomas% TSG

Revillion et al 2009 Breast (291 tumors) RT/PCR PTPL1 expression level is an independent prognostic indicator of favorable outcome for patients with breast cancer TSG

Sabine et al 2010 Breast (27 tumors) Microarray PTPL1 expression level is in a good prognosis group of genes and is associated with resistance to mTOR inhibitor TSG
Liu et al 2010 Kidney (25 paired tumorous/non

tumorous tissues)
miRNA PTPL1 is a target of miR185 which is up regulated in clear cell renal cell carcinomas, kidney and bladder cancers TSG

Glondu-Lassis et al

2010

Breast (5 benign tissues 44 tumors 10
metastases)

IHC PTPL1 expression in metastases is lower than in cancers and is lower in cancer than in benign tissues. TSG


