1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

N, NIH Public Access

Rrens®

G

3}

Author Manuscript

Published in final edited form as:
Cell Signal. 2011 November ; 23(11): 1691-1697. doi:10.1016/j.cellsig.2011.06.004.

TRIP6: An Adaptor Protein that Regulates Cell Motility,
Antiapoptotic Signaling and Transcriptional Activity

Victor T. G. Lin and Fang-Tsyr Lin"
Department of Cell Biology, University of Alabama at Birmingham, Birmingham, AL 35294-0005

Abstract

Thyroid hormone receptor interacting protein 6 (TRIP6), also known as zyxin-related protein-1
(ZRP-1), is an adaptor protein that belongs to the zyxin family of LIM proteins. TRIP6 is
primarily localized in the cytosol or focal adhesion plaques, and may associate with the actin
cytoskeleton. Additionally, it is capable of shuttling to the nucleus to serve as a transcriptional
coregulator. Structural and functional analyses have revealed that through multidomain-mediated
protein-protein interactions, TRIP6 serves as a platform for the recruitment of a wide variety of
signaling molecules involved in diverse cellular responses, such as actin cytoskeletal
reorganization, cell adhesion and migration, antiapoptotic signaling, osteoclast sealing zone
formation and transcriptional control. Although the physiological functions of TRIP6 remain
largely unknown, it has been implicated in cancer progression and telomere protection. Together,
these studies suggest that TRIP6 plays multifunctional roles in different cellular responses, and
thus may represent a novel target for therapeutic intervention.
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1. Introduction

Thyroid Hormone Receptor Interacting Protein 6 (TRIP6), also known as zyxin-related
protein-1 (ZRP-1), is an adaptor protein that belongs to the zyxin family of LIM proteins [1-
3]. These proteins, including zyxin, TRIP6, lipoma preferred partner (LPP), LIMD1, and
Ajuba, contain a nuclear export signal (NES) in the N-terminal region and three LIM
domains in the carboxyl-terminus [4]. The LIM domains, named by the initials of
homeodomain proteins Lin-11, Isl-1 and Mec-3, contain two tandemly repeated zinc fingers
that mediate protein-protein interactions [5]. These LIM proteins are primarily localized in
the cytosol or focal adhesion plaques, and may associate with the actin cytoskeleton. They
are also capable of shuttling between the cytoplasmic and nuclear compartments [6].

TRIP6 was originally discovered as a binding partner of the nuclear thyroid hormone
receptor in a yeast two-hybrid screen in 1995 [3]. Subsequently, it has been characterized as
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an adaptor protein that associates with a wide variety of proteins to modulate diverse cellular
responses, notably actin cytoskeletal reorganization, cell adhesion and migration,
antiapoptotic signaling, transcriptional control, osteoclastic bone resorption, host-pathogen
interactions and telomere protection (Table 1). In this review, we aim to update our current
understanding of the multiple roles of TRIP6 in mediating these functions and the signal
transduction mechanisms through which it acts, with an eye towards its biological relevance
and potential roles in cancer progression.

2. The molecular structure and binding partners of TRIP6

2.1. NES, proline-rich domains, and SH2-binding motif

The structure of TRIP6 contains multiple domains, allowing it to interact with a wide variety
of proteins involved in diverse cellular responses (Fig. 1). The N-terminal half of TRIP6 is
characterized by a Crm-1-dependent leucine-rich NES (a.a. 100-107) and multiple proline-
rich PXXP motifs, presumably allowing it to bind to SH3 domain-containing proteins [4].
TRIP6 also contains a YXXP motif (a.a. 55-58) that, when phosphorylated at Tyr-55 by c-
Src, serves as a docking site for the SH2 domain of the adaptor protein Crk [7].

2.2. LIM domains

The carboxyl-terminal half of TRIP6 contains three LIM domains in tandem that interact
with a wide variety of proteins, such as cell surface receptors (LPA,, Fas/CD95), nuclear
receptors (thyroid hormone receptor g [TRp], retinoid X receptor [RXR], glucocorticoid
receptor [GR]), transcription factors (v-Rel, NF-xB p65, c-Fos), pathogenic bacterial
proteins (gonococcal opacity-associated protein [Opa], salmonella secreted effector SrfH),
proteins involved in actin reorganization (p130°@, CasL, supervillin, endoglin), kinases (c-
Src, receptor-interacting protein 2 [RIP2], AMP-activated protein kinase [AMPK]), adaptor
proteins (reversion-induced LIM [RIL]), and shelterin complex proteins (protection of
telomeres 1 [POT1]) [3, 8-20]. The LIM domains of TRIP6 share a high degree of sequence
homology with those of LPP and zyxin, with an overall identity of 71.9% to LPP and 61.5%
to zyxin. As such, it is not surprising that these LIM proteins, TRIP6 and LPP in particular,
share some of the same binding partners.

2.3. PDZ-binding motif

The last four amino acid residues (TTDC) of TRIP6, known as a class | PDZ-binding motif,
mediates the interaction with a number of PDZ proteins, including PTPL1 and its mouse
homologue PTP-BL (PDZ2), Scrib (PDZ3), NHERF2 (Na*/H* exchanger regulatory factor
2) (PDZ2), and MAGI-1b (membrane-associated guanylate kinase with an inverted domain
structure-1b) (PDZ5) [1, 19, 21-23]. In addition to the PDZ-binding motif, the adjacent
LIM3 domain is also required for TRIP6 binding to PTPL1 [1].

PDZ domains, named by the initials of three proteins that contain such domains (PSD-95,
the Drosophila discs-large tumor suppressor protein DIgA, and the tight junction protein
Z0-1), are composed of 80-90 amino acids that bind to the specific short peptide motif
found in the carboxyl-terminus or internal region of a variety of target proteins [24—28].
Many PDZ proteins function as scaffolds to facilitate the assembly of multiprotein
complexes or to help target protein anchoring to the actin cytoskeleton. Thus, it appears that
the LIM domain-containing TRIP6 cooperates with its interacting PDZ proteins to
coordinate the rapid assembly of macromolecular complexes, thereby regulating actin
dynamics and other signaling events in a more efficient manner.
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3. The roles of TRIP6 in actin cytoskeletal reorganization, adhesion
turnover and cell motility

3.1. TRIP6 is involved in focal adhesion assembly and actin cytoskeletal reorganization

Accumulating data have pointed to a critical role for TRIP6 in cytoskeletal reorganization,
focal adhesion assembly/disassembly, and migration by serving as a platform for the
recruitment of a number of proteins involved in these dynamic processes (Fig. 2). Notably,
TRIP6 associates directly or indirectly with the components of focal complexes, including
paxillin, p130°3s, focal adhesion kinase (FAK), and c-Src, upon stimulation with
lysophosphatidic acid (LPA) [8]. TRIP6 and its close family members, LPP and zyxin, are
targeted to the “integrin adhesome” through a myosin 1l-dependent recruitment [29]. Both
TRIP6 and LPP, but not zyxin, are capable of interacting with supervillin at large focal
adhesions [16]. Supervillin is a peripheral membrane protein that is known to bind to myosin
Il and F-actin to reorganize the actin cytoskeleton [30, 31]. By binding to TRIP6, supervillin
promotes the loss of focal adhesion structure and function [16]. TRIP6 has also been shown
to cooperate with endoglin, a component of the TGF-f receptor complex, to regulate actin
cytoskeletal reorganization [32].

3.2. The function of TRIP6 in adhesion turnover and cell motility is regulated by c-Src
kinase and PTPL1 phosphatase

The Src family kinases play a fundamental role in adhesion turnover and cell migration via
the phosphorylation of a number of focal adhesion molecules, such as paxillin and p130°@S
[33, 34]. The c-Src-dependent tyrosine phosphorylation of p130° at multiple YXXP motifs
mediates its coupling to the SH2 domain of Crk [35, 36]. Likewise, TRIP6 contains a Y XXP
motif (a.a. 55-58), which is a unique feature that is not present in LPP or zyxin [7]. When
the Tyr-55 residue is phosphorylated by c-Src, this allows its binding to Crk. Although
TRIPG itself can interact with p130°@ directly through its LIM1-2 domains, phosphorylation
of Tyr-55 is also important for TRIP6 to form a stable complex with p130°S, Ultimately,
these c-Src-directed macromolecular complexes coordinate to promote adhesion turnover
and cell migration.

However, it should be noted that, as TRIP6 is involved in both assembly and disassembly of
focal adhesions, the effect of TRIP6 on promoting or reducing cell motility may depend on
the cellular context. It has been reported that overexpression of TRIP6 slows cell migration
in 10T1/2 fibroblasts [15]. Moreover, in c-Src/Yes/Fyn-null mouse embryonic fibroblasts
(MEFs) where TRIP6 cannot be phosphorylated at Tyr-55, overexpression of TRIP6 does
not promote adhesion turnover; instead, it increases the formation of larger focal adhesions
and slows LPA-induced morphological changes [7]. Unlike the wild-type TRIPS, the
TRIP6-Y55F mutant failed to promote Fas/CD95-mediated cell migration in glioblastoma
cells [9]. Together, these findings suggest that the levels of activated c-Src may play a
critical role in determining whether TRIP6 promotes or slows cell migration in different cell

types.

In contrast to c-Src, the protein tyrosine phosphatase PTPL1 plays a counteracting role in
regulating TRIP6 function in cell motility [37]. Human PTPL1, also known as hPTP1E,
PTPN13 or Fas-associated phosphatase-1 (FAP-1), and its mouse homologue, PTP-BL, are
cytosolic tyrosine phosphatases that have been shown to bind to a number of molecules
involved in actin dynamics [38]. Following prolonged LPA stimulation, PTPL1 binds to
TRIP6 and dephosphorylates the phosphotyrosine-55 residue of TRIP6, resulting in the
inhibition of both the binding of TRIP6 to Crk and the turnover of TRIP6 at focal adhesion
sites. This serves as a negative feedback regulatory mechanism to terminate the function of
TRIP6 in promoting LPA-induced morphological changes and cell migration [37].

Cell Signal. Author manuscript; available in PMC 2012 November 1.
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3.3. c-Src-mediated Tyr-55 phosphorylation regulates TRIP6 function in promoting LPA»-
and Fas/CD95-mediated cell migration, as well as osteoclastic bone resorption

Given its adaptor role in the assembly of multiprotein complexes involved in cell motility,
TRIPS is also capable of linking cell surface receptors, including the LPA, and Fas/CD95
receptors, to downstream signaling pathways that regulate cell motility [8, 9]. LPAis a
growth factor-like phospholipid that mediates cell proliferation, survival, and migration [39].
Upon LPA stimulation, TRIP6 binds to the LPA, receptor, but not to other LPA receptor
subtypes, through a LIM domain-mediated interaction with the CXXC motif of the LPA,
receptor, which is present in the juxtamembrane region of its carboxyl-terminal tail [8, 21].
This binding promotes the targeting of TRIP6 to focal adhesions and its association with
actin stress fibers. Consequently, TRIP6 enhances LPA-induced cell migration in ovarian
cancer cells that express high levels of the LPA, receptor.

Analogously, TRIP6 also promotes Fas ligand (FasL)-mediated glioma cell invasion through
a LIM3-mediated interaction with the juxtamembrane domain of Fas/CD95 [9]. Fas/CD95 is
traditionally viewed as a proapoptotic death receptor; however, Fas/CD95 engagement can
induce invasion in apoptosis-resistant tumor cells via the activation of the Src/Yes and
phosphatidylinositol-3-kinase (PI13K)/AKT signaling pathways [40]. Stimulation with Fas
ligand induces the activation of c-Src, which in turn mediates the tyrosine phosphorylation
of TRIP6 at Tyr-55 [9]. This phosphorylation is required for TRIP6 to promote Fas/CD95-
mediated cell migration in apoptosis-resistant glioblastoma cells.

c-Src-mediated phosphorylation of TRIP6 not only regulates its function in cell motility, but
is also involved in LPA-stimulated osteoclast sealing zone formation [41]. Upon LPA
stimulation, TRIP6 is recruited to the sealing zone through its association with tropomyosin
4, an actin-binding protein that regulates osteoclast motility, sealing zone dimensions, and
bone resorptive capacity. These signaling events are regulated by Tyr-55 phosphorylation of
TRIP6, whereas treatment with LPA, receptor antagonists, knockdown of TRIPS6, or
overexpression of the TRIP6-Y55F mutant impairs these effects. These results demonstrate
that c-Src-mediated phosphorylation of TRIP6 promotes osteoclastic bone resorption.

3.4. TRIP6 promotes cell invasion via an interaction with the MAGI-1b PDZ scaffold protein

It has been shown that TRIP6 promotes invasiveness and impairs cell-cell aggregation in
epithelial MDCK cells, which is in part regulated through binding to the MAGI-1b PDZ
protein [22]. MAGI-1b is a scaffold protein that plays a critical role in the maintenance of
cell-cell contacts by recruiting PTEN to the cadherin/p-catenin complex [42]. As both
TRIP6 and B-catenin bind to the fifth PDZ domain of MAGI-1b, it is possible that TRIP6
competes with -catenin for the binding to the MAGI-1b/PTEN signalosome, thereby
destabilizing the adherens junctional complexes and promoting cell matility [22]. TRIP6
also binds to another PDZ protein, Scrib, which is involved in cell-cell adhesion and cell
polarity; however, the functional significance of this interaction remains to be elucidated
[23].

3.5. TRIP6 is involved in host-pathogen interactions

It has been shown that the Salmonella typhimurium-secreted effector protein SrfH promotes
phagocyte motility and systemic spread of infection in the gut via a direct interaction with
TRIP6 in the host cells [14]. TRIP6 also associates with the Opa proteins of Neisseria
gonorrhoeae, which are a family of outer membrane proteins involved in gonococcal
adherence to and invasion of human cells [13]. Although the molecular basis for these
interactions is still elusive, these data suggest that TRIP6 may be involved in the interplay
between pathogenic bacteria and host cells and therefore plays a role in the pathogenesis of
certain infectious diseases.
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4. The roles of TRIP6 in antiapoptotic signaling and NF-kB activation

4.1. TRIP6 regulates LPA, receptor-mediated antiapoptotic signaling and antagonizes Fas/
CD95-induced apoptosis

We are just now beginning to understand that, beyond its central role in cell motility, TRIP6
can also serve as an adaptor for the assembly of multiprotein complexes involved in
prosurvival signaling pathways. Notably, TRIP6 positively regulates LPA-induced
antiapoptotic effects through its binding to the LPA, receptor and antagonizes Fas/CD95-
initiated apoptosis via its interaction with Fas/CD95 [9, 21].

The LPA; receptor mediates LPA-induced antiapoptotic responses through the activation of
the Ras/ERK, PI3K/AKT and NF-«B signaling pathways [43]. While the LPA, receptor can
couple to the heterotrimeric G proteins to elicit these signals, activation of the full
antiapoptotic responses also requires its binding to other elements, such as TRIP6 and
NHERF2 [21]. The carboxyl-terminal tail of the LPA, receptor contains a unique CXXC
motif that interacts with the LIM2-3 domains of TRIP6 and a PDZ-binding motif
responsible for NHERF2 binding [21, 44, 45]. Additionally, TRIP6 itself can associate with
NHERF2 directly through a PDZ-mediated interaction [21]. Together, they form a ternary
complex to coordinately regulate LPA, receptor-mediated ERK and AKT activation,
rendering cells resistant to chemotherapeutic agent-induced apoptosis [21] (Fig. 3).

4.2. TRIP6 regulates NF-kB signaling pathway at multiple different levels

The NF-xB transcription factor mediates resistance to apoptosis by promoting the gene
transcription of a variety of antiapoptotic proteins [46]. In unstimulated cells, NF-xB forms
an inactive complex with kB in the cytosol. Upon stimulation with various signals on the
cell surface, the IKK complex is activated. Phosphorylation of IxB by IKK leads to the
ubiquitination and proteosomal degradation of IxB. This dissociates NF-kB from the
cytosolic NF-xB/1xB complex, allowing it to translocate to the nucleus to activate the
expression of target genes [47]. Mounting evidence suggests that TRIP6 regulates NF-xB
activity at multiple levels (Fig. 3). It has been shown that the LIM domains of TRIP6
interact with the CARD (caspase activation and recruitment domain) and kinase domain of
RIP2 [17]. RIP2 is a member of the RIP kinase family that is critically involved in
inflammation and innate and adaptive immune responses triggered by TNF, IL-1, Nod1, and
the Toll-like receptors (TLRS) [48, 49]. RIP2 regulates NF-«B signaling through TNF
receptor associated factor (TRAF)-mediated recruitment to the receptor signaling complex.
It has been shown that TRIP6 facilitates RIP2-mediated NF-«xB activation following IL-1,
Nod1, and TLR2 stimulation [17]. TRIP6 also potentiates RIP2- and Nod1-mediated ERK
activation. Intriguingly, TRIP6 has also been found to associate with IL-1 receptor (IL-1R),
Nod1, and TLR2, as well as a number of the signaling components involved in NF-xB
activation, including TRAF2, TRAF6, MyD88, Tollip, and IRAK1 [17]. These observations
suggest that TRIPG6 is present in the macromolecular complexes involved in NF-xB
activation. However, whether TRIP6 binds to these molecules directly or indirectly and how
TRIP6 might facilitate the assembly of these signaling complexes have not yet been
determined.

TRIP6 can also bind to NF-«xB p65 directly to regulate its nuclear translocation and
transcriptional activity upon LPA stimulation or Fas/CD95 activation [9]. This serves as an
alternate mechanism by which TRIP6 promotes the LPA-mediated antiapoptotic effect as
well as resistance to Fas/CD95-induced apoptosis.

Cell Signal. Author manuscript; available in PMC 2012 November 1.
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5. The roles of TRIP6 in transcriptional control and other nuclear functions

5.1. TRIP6 serves as a cofactor for a number of transcription factors

Similar to other zyxin family members of LIM proteins, TRIP6 contains a leucine-rich NES
between amino acid residues 100-107, which is responsible for its primarily cytosolic
localization. However, mutation/deletion of the NES or treatment with leptomycin B, an
inhibitor of Crm1-dependent nuclear export, results in its nuclear localization, suggesting
that TRIP6 may play a role in the nucleus [4].

Nuclear TRIP6 does not bind directly to DNA, but it does contain two transactivation
domains within the carboxyl-terminal LIM domain region and the N-terminal region that
overlaps with the NES [4]. Indeed, TRIP6 binds to and serves as a transcriptional
coactivator for a number of transcription factors, including the v-Rel oncoprotein, the NF-
kB p65 subunit, and a number of c-Fos family members [10-12]. It has been reported that
the transcriptional coactivator properties of TRIP6 can be enhanced through binding to
AMPK and that AMPK phosphorylates TRIP6 in the N-terminal region in vitro [18].
However, the specific phosphorylation sites as well as the mechanism for this regulation
have not yet been determined.

5.2. TRIP6 is a transcriptional cofactor of the nuclear glucocorticoid receptor

Accumulating evidence suggests that TRIP6 is involved in transcriptional regulation
mediated by various nuclear hormone receptors. TRIP6 was originally discovered as a
binding partner of thyroid hormone receptor B (TRB) and retinoid X receptor (RXR);
however, the functional significance of these interactions has not been characterized. Later,
it was found to associate with glucocorticoid receptor (GR) through its LIM2 and LIM3
domains [10]. GR mediates the anti-inflammatory effect of glucocorticoids through the
transrepression of transcription factors NF-xB and AP-1 [50, 51]. Normally, nuclear TRIP6
is recruited to the promoters of target genes via binding to NF-xB p65 or the c-Fos, but not
the c-Jun, component of the AP-1 complex, and functions as a transcriptional coactivator
[10, 12]. Upon treatment with glucocorticoids, TRIP6 recruits GR to NF-xB and AP-1
complexes at target gene promoters. This forms a basis for GR-mediated transrepression of
NF-kB and AP-1, which is responsible for most of the anti-inflammatory effects of
glucocorticoids [10]. Intriguingly, it has been shown that nuclear TRIP6 can increase GR-
mediated transcription, but it is also required for the transrepression of GR by NF-xB and
AP-1 [52]. Thus, TRIP6 serves as a platform to bridge GR and the NF-xB and AP-1
transcription factors, and therefore integrates activating or repressing signals at the
promoters of target genes.

5.3. TRIP6 is implicated in telomere protection through interaction with the shelterin

complex

In addition to serving as a transcriptional cofactor, the nuclear TRIP6 has been shown to
bind to POT1, a single stranded telomeric overhang binding protein that regulates telomere
length and protects chromosome ends [20]. POT1 is a component of the shelterin complex,
which contains six proteins essential for proper telomere function [53]. Both TRIP6 and its
structurally related LPP form complexes with POT1, TRF2 and TIN2 of the shelterin
complex. Depletion of TRIP6 leads to the induction of telomere dysfunction induced foci
(TIFs), suggesting that TRIP6 is involved in telomere protection [20]. In the future,
additional work will be needed to define the precise roles of these LIM proteins in the
regulation of shelterin functions and telomere protection.

Cell Signal. Author manuscript; available in PMC 2012 November 1.
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6. Concluding remarks

Over the past 15 years, numerous studies have uncovered the diverse functions of TRIP6 in
cell motility, antiapoptotic signaling, transcriptional control and other cellular responses.
Through multidomain-mediated protein-protein interactions and phosphorylation
modification, TRIP6 cooperates with a variety of PDZ proteins, LIM-binding proteins, and
other interacting partners to modulate multiple signaling pathways from the cell surface to
the nucleus. As TRIP6 is widely involved in cell motility, antiapoptotic signaling, as well as
many other cellular responses, dysregulation of TRIP6 may lead to pathologic
consequences. Notably, TRIP6 has been implicated in tumor progression. It has been shown
that TRIP6 is dramatically overexpressed in glioblastomas and colon cancers where c-Src
kinase activity is often aberrantly elevated [9, 22]. It is likely that TRIP6 contributes
significantly to tumor invasiveness and resistance to apoptotic agents in these tumors, and
therefore it may represent a novel therapeutic target for cancer treatment. Although these
studies have shed new insights into the understanding of the biochemical and cellular
properties of TRIP8, the physiological functions of TRIP6 remain largely unknown. In the
near future, more work needs to be undertaken to clarify the molecular basis by which
TRIP6 regulates these diverse pathways through protein-protein interactions and the
biological relevance of these interactions. In the end, the knowledge obtained from these
studies may provide new directions to specifically target TRIP6 for therapeutic intervention
in the diseases such as cancers, inflammatory and infectious diseases, and disorders of bone
remodeling.
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Figure 1. Schematic representation of TRIP6
The N-terminal half of TRIP6 contains a proline-rich region with multiple PXXP motifs, a
Crm-1-dependent nuclear export signal, and a phosphotyrosine-55-directed pY XXP motif
that serves as a docking site for Crk SH2 domain. The carboxyl-terminal half of TRIP6
contains three tandem LIM domains and a PDZ-binding motif. These multiple elements
allow TRIPG6 to serve as an adaptor for a wide variety of partners with diverse functional
outcomes.
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Figure 2. TRIP6 promotes cell motility, invasion and osteoclast sealing zone formation through
c-Src-mediated phosphorylation and the interaction with a number of cell-surface receptors and
signaling molecules involved in these dynamic processes
TRIP6 binds to the juxtamembrane domains of the Fas/CD95 and LPA, receptors upon
stimulation with FasL and LPA, respectively. This induces phosphorylation of TRIP6 at
Tyr-55 by c-Src, an event reversed by PTPL1, and triggers its association with Crk and
various regulators of actin remodeling, leading to an increase in cell motility and promoting
osteoclast sealing zone formation. TRIP6 also competes with B-catenin for binding to the
MAGI-1b/PTEN signalsome. As a result, this destabilizes adherens junctions and increases

cell invasiveness.
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Figure 3. TRIP6 regulates antiapoptotic responses and NF-kB signaling at multiple levels
TRIP6 forms a ternary complex with the LPA, receptor and NHERF2 upon LPA
stimulation. Together, they coordinately regulate antiapoptotic signaling through the
activation of ERK and AKT pathways. In addition to binding to Fas/CD95 and the LPA,
receptor directly, TRIP6 also associates with multiple elements of signal transduction
complexes recruited by TNFR, TLRs, and IL-1R. These interactions ultimately result in the
degradation of 1B and allow NF-«B to shuttle to the nucleus where TRIP6 binds to and
serves as a coactivator of NF-kB p65 to activate promoters containing NF-kB responsive
elements (NFRES). On the other hand, upon treatment with gluococorticoid, TRIP6 recruits
glucocorticoid receptor (GR) to NF-«B at target gene promoters. This results in the
transrepression of NF-«B.
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Binding Partner Binding Domain Functional significance Refs.
Cell surface receptors
LPA, LIM2-3 Promoting LPA-induced ERK/AKT/NF-kB activation, cell migration [7-9, 21]
and antiapoptosis
Fas/CD95 LIM3 Antagonizing Fas-induced apoptosis but promoting its effect on NF-xB [9]
activation and cell invasion
Nuclear receptors
(TRB, RXR, GR) LIM2-3 Transcriptional regulation [3,10]
Transcription factors
(p65, v-Rel, c-Fos) LIM1-2 Transcriptional coactivation [10-12]
Bacterial proteins
(Opa, SrfH) LIM Host-pathogen interactions [13-14]
Cytoskeletal regulators and adaptors
p130°%, CasL LIM1-2 Regulation of cell motility [15]
supervillin LIM Modulation of focal adhesions [16]
endoglin LIM Actin cytoskeletal reorganization [32]
tropomyosin 4 LIM Osteoclastic bone resorption [41]
Crk pYXXP Promoting cell migration [7]
MAGI-1b PDZ-binding motif Promoting cell invasion [22]
NHERF2 PDZ-binding motif Promoting LPA,-mediated ERK/AKT activation and antiapoptosis [21]
Scrib PDZ-binding motif [23]
RIL LIM2-3 [19]
Kinases/Phosphatases
c-Src Phosphorylating TRIP6 at Y55 to promote TRIP6-mediated cell [7]
motility and osteoclastic bone resorption
RIP2 LIM ERK and NF-kB activation [17]
AMPK LIM Phosphorylating TRIP6 and promoting transcriptional coactivator [18]
function of TRIP6
PTPL1/hPTP1E/FAP-1  LIM3&PDZ-binding motif Deﬁ)_f;_c;sphorylating pY55 of TRIP6 to terminate its effect on cell [37]
motility
Shelterin Complex
(POT1) LIM Telomere protection [20]
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