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  Abstract   Merlin, encoded by the  NF2  tumor-suppressive gene, has been  established 
through genetic studies in both  Drosophila  and mice as an important upstream regu-
lator of the Hippo-Yap pathway. Recently, biochemical studies have identi fi ed 
Angiomotin and Angiomotin-like proteins as major interacting partners for both 
Merlin and Yap. The exact mechanisms of how Merlin and Angiomotin regulate 
Hippo signaling remain undetermined. In this chapter, we will summarize past 
 fi ndings and discuss controversies and remaining questions regarding the roles of 
Merlin and Angiomotin in Hippo signaling and tumorigenesis.  

  Keywords   Merlin  •  NF2  •  Adherens junctions  •  Tight junctions  •  Angiomotin  
•  Hippo-Yap pathway      

    2.1   Neuro fi bromatosis Type 2 and Merlin 

 Neuro fi bromatosis type 2 is an inherited disorder with an incidence of approximately 
1 in 30,000 births, caused by germ line mutations of the  NF2  gene, which is located 
on chromosome 22q12. The disease is characterized mainly by the development of 
bilateral Schwann cell tumors of the eighth cranial nerve. Mutations and loss of 
heterozygosity (LOH) of the  NF2  locus have been detected at high frequency in 
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 various tumors of the nervous system, including schwannomas, meningiomas, and 
ependymomas, indicative of classical tumor suppressor gene pattern (Gusella et al. 
 1996,   1999  ) . In further support of a role for  NF2  in tumor suppression, mice heterozy-
gous for an  Nf2  mutation are predisposed to a wide variety of tumors, while mice with 
both  Nf2  alleles inactivated speci fi cally in Schwann cells develop schwannomas and 
Schwann cell hyperplasia (McClatchey et al.  1998 ; Giovannini et al.  1999,   2000  ) . 

 The  NF2  tumor suppressor gene encodes a 69-kDa protein called Merlin ( Mo esin, 
 e zrin, and  r adixin- li ke protei n ). Merlin contains an N-terminal FERM domain that 
comprises three subdomains organized into a cloverleaf-like structure (Shimizu 
et al.  2002 ; Pearson et al.  2000  ) , followed by a coiled-coil domain and a charged 
C-terminal tail. The  NF2  allele is alternatively spliced resulting in two predominate 
forms of the Merlin protein (isoform 1 and 2) that differ at the extreme C-terminus. 
Several studies indicated that Merlin forms intramolecular associations between the 
C-terminal tail and the FERM domain, transitioning between “open” and “closed” 
conformation (Sher et al.  2012 ; Gutmann et al.  1999 ; Sherman et al.  1997  ) . While it 
has been long thought that the “closed” state represents the active/growth-suppressive 
form of Merlin, recent studies have cast doubt on this model (Sher et al.  2012 ; 
Hennigan et al.  2010 ; Lallemand et al.  2009a ; Schulz et al.  2010  ) . In particular, a 
study using Merlin mutants that adopt open or closed forms demonstrated that the 
open form is the active form of the protein (Sher et al.  2012  ) . 

 A number of factors have been shown to regulate Merlin activity, including phos-
phorylation on serine 518 in the C-terminal tail. This phosphorylation is induced by 
the small G-proteins, Rac1 and Cdc42, and mediated by the immediate Rac/Cdc42 
effectors—the p21-activated kinases (Paks) (Kissil et al.  2002 ; Xiao et al.  2002  ) . 
In addition, it was shown that cAMP-dependent kinase (PKA) also phosphorylates 
Merlin at serine 518 (Alfthan et al.  2004  ) . An additional level of regulation is pro-
vided by the myosin phosphatase MYPT1-PP1, which dephosphorylates Merlin at 
serine 518 (Jin et al.  2006  ) . Finally, AKT was shown to phosphorylate Merlin at 
serine 10, threonine 230, and serine 315, promoting its proteosomal degradation 
(Tang et al.  2007 ; Laulajainen et al.  2011  ) .  

    2.2   Merlin Localization and Function 

 Merlin is localized predominantly to membrane periphery within cells. As cells reach 
con fl uence, Merlin is recruited to cell junctions, most likely through interactions with 
 a -catenin (adherens junctions, AJs) or Amot (tight junctions, TJs), where it is thought 
to coordinate the establishment of intercellular contacts with concomitant inhibition 
of proliferative signaling (Curto et al.  2007 ; Rangwala et al.  2005 ; Lallemand et al. 
 2003 ; Morris and McClatchey  2009 ; Gladden et al.  2010 ; Yi et al.  2011  ) . In vitro and 
in vivo studies using different experimental systems have yielded con fl icting results 
on whether or not Merlin is required for the assembly or maintenance of cell junctions 
(Lallemand et al.  2003 ; Morris and McClatchey  2009 ; Gladden et al.  2010 ; Houshmandi 
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et al.  2009 ; Lallemand et al.  2009b ; McLaughlin et al.  2007 ; Flaiz et al.  2009 ; Okada 
et al.  2005  ) . Nevertheless, the localization of Merlin to cell junctions appears to be 
critical for its tumor-suppressive function, as patient-derived mutations that impair 
Merlin’s junctional localization render the protein inactive (Lallemand et al.  2003 ; 
Gutmann et al.  2001 ; Stokowski and Cox  2000 ; Deguen et al.  1998  ) . 

 While Merlin has also been shown to have nuclear functions (Li et al.  2010  ) , the 
vast majority of evidence implicates Merlin in mediating contact-dependent inhibi-
tion of cell proliferation from the cell membrane, by coupling signals initiated 
through cell–cell interactions with regulation of growth regulatory pathways, includ-
ing the Ras and Rac, Src, mTOR, and Hippo-Yap pathways (Huson et al.  2011  ) . 
In particular, numerous studies have linked Merlin to the Ras and Rac signaling 
pathways (Fig.   2.1 ) (Yi et al.  2011 ; Okada et al.  2005 ; Kaempchen et al.  2003 ; 
Morrison et al.  2007 ; Wong et al.  2012 ; Zhou et al.  2011a ; Hennigan et al.  2012 ; 
Bosco et al.  2010  ) . The Ras and Rac protein families are small G-proteins that func-
tion as molecular switches cycling between an “ON” state when bound to GTP and 
an “OFF” state when bound to GDP. They are tightly regulated by various groups of 
proteins, including GEFs (Guanine Exchange Factors), which promote binding of 

  Fig. 2.1    Schematic 
representation showing the 
modes through which Merlin 
regulates Rac and Ras 
signaling       
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small GTPases to GTP, and GAPs (GTPase Activating Proteins) that promote the 
hydrolysis of GTP to GDP. The transition from an “ON” to an “OFF” state is regu-
lated by various stimuli, including growth-factor receptors and integrins (Burridge 
and Wennerberg  2004  ) . Ras is a well-documented oncogene that is mutated in a 
signi fi cant number of cancers. However, the roles of the Rac family of proteins in 
cancer have not been fully elucidated. Both Ras and Rac protein families are master 
regulators of diverse signaling pathways that control the shape, motility, and growth 
of cells. These are processes that often go awry in cancer. While activating Rac 
mutations have not been found in tumors, there is strong evidence that Rac plays a 
crucial role in the regulation of signaling cascades downstream of Ras. One of the 
main mechanisms demonstrated is through the phosphorylation of c-Raf (serine 
338) and MEK1 (serine 298) by Paks following Rac1 activation by Ras, which is 
required for the sustained activation of the MAPK signaling by Ras (Fig.   2.1 ) (Sun 
et al.  2000 ; Howe and Juliano  2000 ; Diaz et al.  1997 ; Frost et al.  1997 ; King et al. 
 1998 ; Vadlamudi et al.  2000  ) .  

 Merlin has been shown to regulate mitogenic signaling at multiple levels. Recent 
studies suggested that loss of Merlin leads to accumulation of receptor tyrosine 
kinases (RTKs) at the cell surface, possibly due to defects in receptor traf fi cking 
(Lallemand et al.  2009b ; Ammoun et al.  2008 ; Maitra et al.  2006  ) , or by sequester-
ing them to microdomains of the plasma membrane (Curto et al.  2007 ; Morris and 
McClatchey  2009 ; Cole et al.  2008  ) . Downstream of RTKs, Merlin was shown to 
also inhibit the activation of the small GTPases Ras and Rac1 (Okada et al.  2005 ; 
Morrison et al.  2007  ) . Many Ras-controlled pathways are upregulated in human 
schwannomas (Ammoun et al.  2008  )  and mechanistic studies suggested that Merlin 
regulates Ras signaling by disrupting a Grb2-SOS-ERM-Ras complex, leading to 
lower levels of activated Ras (Morrison et al.  2007  ) . Previous work by multiple 
groups demonstrated that Merlin functions to prevent Rac1-mediated activation of 
Paks by interfering with the binding of activated Rac1 to Pak1 (Kissil et al.  2003 ; 
Xiao et al.  2005 ; Hirokawa et al.  2004  ) . Merlin also acts upstream of Rac1, as 
expression of dominant-active Rac1 as well as dominant-active Pak prevents Merlin 
from inhibiting Ras-induced activation of MAPK signaling (Morrison et al.  2007  ) . 
Recent work added insights into the mechanisms of how Merlin functions upstream 
of Rac1 and Ras-MAPK signaling through inhibition of Rich1, a Rac1/Cdc42 GAP 
(see below) (Yi et al.  2011  ) . In addition, Merlin was shown to inhibit contact-dependent 
recruitment of active Rac1 to the plasma membrane in endothelial cells (Okada 
et al.  2005  ) . 

 Genetic studies in both  fl ies and mice demonstrated that the Hippo-Yap pathway 
is a key effector pathway mediating the tumor-suppressive function of Merlin 
(Zhang et al.  2010 ; Hamaratoglu et al.  2006  ) . In this chapter, we will discuss our 
current understanding of how Merlin and its major interacting partners, the 
Angiomotins, modulate the Hippo-Yap pathway. The reader is referred to other 
reviews for details relating to Merlin’s regulation of other signaling pathways 
(Li et al.  2012a ; Zhou and Hanemann  2012  ) .  
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    2.3   The Angiomotins: Novel Merlin Interacting Proteins 

 While numerous proteins have been identi fi ed as merlin-interacting proteins over the 
past decade, it is the Angiomotins that have been directly implicated in the tumor-
suppressive function of Merlin as well as regulation of the Hippo-Yap pathway (Yi 
et al.  2011 ; Varelas et al.  2010 ; Zhao et al.  2011 ; Wang et al.  2011a ; Chan et al.  2011 ; 
Paramasivam et al.  2011 ; Oka et al.  2012  ) . As members of the Motin protein family, 
Angiomotin (Amot), Angiomotin-like 1 (AmotL1), and Angiomotin-like 2 (Amotl2) 
are characterized by a conserved N-terminal glutamine-rich domain, followed by a 
coiled-coil domain and a C-terminal PDZ-binding motif (Fig.  2.2 ) (Bratt et al.  2002  ) . 
Angiomotin, the founding member of the Motin family has two major splice forms 
(p80 and p130 isoforms) and was originally isolated as an Angiostatin binding pro-
tein that mediates the anti-migratory properties of Angiostatin (Bratt et al.  2005 ; 
Troyanovsky et al.  2001  ) . Interestingly, all members of the Motin family appear to 
associate with TJs through binding to the TJ-associated Patj/Mupp1 proteins (Wells 
et al.  2006 ; Sugihara-Mizuno et al.  2007 ; Ernkvist et al.  2009  ) .  

 The Angiomotins have been extensively studied in the context of angiogenesis 
during development. Knocking down or deleting Motin family members  individually 
or in combination results in defects in endothelial cell polarization, migration, and 
proliferation of various severities, suggesting that these proteins have overlapping 
functions in promoting angiogenesis (Ernkvist et al.  2009 ; Huang et al.  2007 ; Aase 
et al.  2007 ; Garnaas et al.  2008 ; Zheng et al.  2009 ; Wang et al.  2011b  ) . The roles of 
Amot in mediating endothelial cell polarization and migration require its C-terminal 
PDZ binding motif, which mediates its indirect association with Syx, a RhoA-
speci fi c GEF, via Patj/Mupp1 (Ernkvist et al.  2009 ; Garnaas et al.  2008  ) . In addi-
tion, Amot was shown to preferentially bind to mono-phosphorylated 
phosphatidylinositols and mediate endocytic recruitment of Patj/Mupp1 and Syx 
(Heller et al.  2010 ; Wu et al.  2011  ) . It has been suggested that Amot might coordi-
nate cell migration and junctional remodeling by traf fi cking Syx together with TJ 
proteins Patj/Mupp1 through endocytic vesicles to the leading edge of migrating 
endothelial cells, leading to focal activation of RhoA at the leading edge (Ernkvist 
et al.  2009 ; Wu et al.  2011  ) . 

 In addition to its role in regulating local activity of RhoA, multiple studies 
 demonstrated that Amot inhibits Rac1 and Cdc42 activities by bindings to and 
inhibiting the function of Rich1, a Rac1/Cdc42 GAP localized to TJs and AJs in 
epithelial cells (Yi et al.  2011 ; Wells et al.  2006  ) . We previously showed that Merlin, 
through competitive binding to Amot, releases Rich1 from an Amot-inhibitory 
complex, allowing Rich1 to inactivate Rac1, ultimately leading to attenuation of 
Rac1 and Ras/MAPK signaling (Yi et al.  2011  ) . Moreover, Merlin mutants that 
carry mutations found in NF2 patients showed diminished binding capacities to 
Amot and were unable to dissociate Rich1 from Amot or inhibit MAPK signaling 
(Yi et al.  2011  ) . The depletion of Amot in  Nf2   -/-   Schwann cells attenuated the Ras-
MAPK signaling pathway, impeded cellular proliferation in vitro and tumorigenesis 
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  Fig. 2.2    The Motin protein family. Angiomotin p80 (Amot80) is an N-terminal truncated ver-
sion of Angiomotin p130 (Amot130) as a result of alternative splicing. Angiomotin-like proteins 
1 and 2 (Amotl1 and Amotl2) share sequence identity to Amot p130 but notably they lack the 
angiostatin-binding domain       

in vivo (Yi et al.  2011  ) . Consistent with our  fi ndings, Amot and AmotL2 were later 
reported to promote MAPK signaling and cell proliferation in human mammary 
epithelial cells, human umbilical vein endothelial cells, and zebra fi sh embryos 
(Wang et al.  2011b ; Ranahan et al.  2010  ) . Similarly, knockdown of AmotL1 was 
shown to decrease pERK and pAKT levels in MCF10A cells (Wang et al.  2011a  ) . 
Interestingly, the same study found that silencing of AmotL2 has opposite effects on 
pERK and pAKT levels (Wang et al.  2011a  ) . Further investigation will be required 
to reconcile these  fi ndings with previous reports. 

 Finally, the Angiomotins were recently identi fi ed as major binding partners for 
Yap (Varelas et al.  2010 ; Zhao et al.  2011 ; Wang et al.  2011a ; Chan et al.  2011 ; 
Paramasivam et al.  2011 ; Oka et al.  2012  ) . We will discuss in detail below the vari-
ous mechanisms that have been proposed of how the Angiomotins intercept with 
Hippo-Yap signaling and their relationship to Merlin.  

    2.4   The Hippo-Yap Signaling Pathway 

 The Hippo-Yap pathway is described in great detail in other chapters of this book. 
Brie fl y, this pathway was initially characterized in  fl ies and shown to play a role in 
organ size control. Subsequent studies indicate that the pathway is a mediator of cell 
contact inhibition and tumor suppression (Ota and Sasaki  2008 ; Zeng and Hong 
 2008  ) . The pathway is composed of a core kinase cascade, in which the Mst1/2 
kinases (Hippo in  fl ies) in complex with scaffold protein WW45 (Salvador in  fl ies) 
phosphorylate Lats1/2 kinases (Warts in  fl ies) and their adaptor protein, Mob1 
(Mats in  fl ies). Phosphorylated Lats1/2 in turn phosphorylate Yap (Yorkie in  fl ies), 
a transcriptional co-activator. The phosphorylation of Yap not only prevents it from 
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entering into the nucleus but also primes it for ubiquitination and degradation by the 
proteasome (Zhao et al.  2007,   2010  ) . Upon dephosphorylation likely by PP1A 
(Wang et al.  2011c ; Liu et al.  2011  ) , Yap translocates into the nucleus where it com-
plexes with Tead (Scalloped in  fl ies) and other transcription factors to drive the 
expression of pro-proliferative or anti-apoptotic genes (Hong and Guan  2012  ) . 
A series of recent studies have demonstrated that, akin to what has been observed in 
 fl ies, the mammalian Hippo pathway also regulates organ size, particularly of the 
liver. Inducible overexpression of Yap in adult mouse liver results in rapid and 
reversible increase in liver size (Camargo et al.  2007 ; Dong et al.  2007  ) . Comparable 
hepatomegaly phenotypes were observed when  Mst1/2, WW45  and  Nf2  were ablated 
speci fi cally in the liver (Zhang et al.  2010 ; Zhou et al.  2009,   2011b ; Benhamouche 
et al.  2010 ; Song et al.  2010 ; Lee et al.  2010 ; Lu et al.  2010  ) . Finally, increased Yap 
activity appears to be a common occurrence in human hepatocellular carcinoma 
(Zhou et al.  2009 ; Li et al.  2012b ; Xu et al.  2009 ; Zender et al.  2006  ) .  

    2.5   Merlin and Hippo-Yap Signaling 

 Merlin and another FERM domain protein, Expanded, were  fi rst identi fi ed as 
upstream regulators of Hippo signaling through genetic screens in Drosophila 
(Hamaratoglu et al.  2006  ) . Merlin regulates the expression and localization of Yap 
in mammalian cells in a manner similar to what has been observed in  fl ies (Zhao 
et al.  2007 ; Striedinger et al.  2008 ; Yokoyama et al.  2008  ) . It was reported that 
majority of human meningioma and mesothelioma samples, which are frequently 
associated with loss of  NF2 , exhibited elevated Yap expression in the nuclei, indica-
tive of abnormal Yap activation (Zhao et al.  2007 ; Striedinger et al.  2008 ; Baia et al. 
 2012 ; Sekido  2011  ) . Knockdown of Yap was shown to rescue the hyperproliferative 
phenotype of  NF2 -de fi cient meningioma and mesothelioma cells, whereas hepato-
megaly/tumorigenesis phenotypes associated liver-speci fi c  Nf2  deletion in mice 
were largely suppressed by concomitant heterozygous deletion of  Yap  or overex-
pression of a dominant-negative Tead (Zhang et al.  2010 ; Striedinger et al.  2008 ; 
Baia et al.  2012 ; Mizuno et al.  2012 ; Liu-Chittenden et al.  2012  ) . These studies thus 
validated the Yap/Tead transcriptional complexes as major downstream effectors of 
Merlin/ NF2  in growth regulation in mammals. 

 The exact mechanisms of how Merlin regulates Hippo signaling and Yap activity 
remain to be elucidated. In Drosophila, Merlin was shown to form an apical com-
plex with Kibra and together they activate Sav and Wts, leading to Yki phosphoryla-
tion and inactivation (Yu et al.  2010 ; Genevet et al.  2010 ; Baumgartner et al.  2010  ) . 
Yeast two hybrid and biochemical studies indicated that Merlin directly binds to Sav 
through its N-terminal FERM domain and Kibra through its C-terminal half (Yu 
et al.  2010  ) . Interestingly, the physical and functional interactions between Merlin, 
Kibra, and WW45 (the mammalian counterpart of Sav) appear to be conserved in 
mammalian cells (Yu et al.  2010  ) . 
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 In addition to Hippo signaling components, Merlin has been reported to function 
as a linker between the AJ-associated catenin complex and the TJ-associated Par3 
complex by directly binding to  a -catenin and Par3 (Gladden et al.  2010  ) . Interestingly, 
two recent studies demonstrated that Yap also associates with  a -catenin through 
14-3-3 in a phosphorylation-dependent manner (Silvis et al.  2011 ; Schlegelmilch 
et al.  2011  ) . Besides the catenin complex, both Merlin and Yap interact with 
TJ-associated Crumbs-Pals1-Patj polarity complex via direct binding to distinct 
domains of the Angiomotins (Yi et al.  2011 ; Varelas et al.  2010  ) . Taken together, it 
is tempting to speculate that Merlin together with the junctional complexes may 
promote Hippo signaling and Yap inactivation by assembling signaling platforms 
where Lats1/2 kinases, in response to signals from the junctional complexes, phos-
phorylate and inactivate Yap (Fig.   2.3 ).   

    2.6   Angiomotin and Hippo-Yap Signaling 

 Recent work has also implicated the Angiomotin family members in the regulation 
of Hippo-Yap signaling (Varelas et al.  2010 ; Zhao et al.  2011 ; Wang et al.  2011a ; 
Chan et al.  2011 ; Paramasivam et al.  2011 ; Oka et al.  2012  ) . At least under condi-
tions used for immunoprecipitation, the Angiomotins are arguably one of the 

  Fig. 2.3    Schematic representation of putative signaling complexes assembled by Merlin at the cell 
junctions. In  green  are proteins previously implicated as having growth/tumor-suppressive func-
tions, in  red  proteins implicated as having pro-proliferative functions and in  purple  proteins with 
yet to be de fi ned functions       
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strongest binding partners for Yap, as evidenced by four independent studies 
 identifying them as major Yap-associated proteins (Varelas et al.  2010 ; Zhao et al. 
 2011 ; Wang et al.  2011a ; Chan et al.  2011  ) . The interactions between the 
Angiomotins and Yap are mediated through PPXY motifs within the N-terminal 
regions of the Angiomotins and the conserved WW domains of Yap (Zhao et al. 
 2011 ; Wang et al.  2011a ; Chan et al.  2011  ) . Interestingly, several other proteins 
including Lats1/2 also bind to the WW domains of Yap through their PPXY motifs 
(Chen and Sudol  1995 ; Strano et al.  2001 ; Komuro et al.  2003 ; Hao et al.  2008 ; 
Espanel and Sudol  2001  ) . Therefore, it would be interesting to test whether 
Angiomotins may regulate their interactions with Yap. 

 Largely based on overexpression of the Angiomotins in HeLa and MCF7 cells, 
which do not appear to express these proteins endogenously, several recent studies 
suggested that the Angiomotins function as negative regulators of Yap and its para-
log Taz by sequestering them in the cytoplasm (Zhao et al.  2011 ; Wang et al.  2011a ; 
Chan et al.  2011  ) . It should be noted, however, that exogenously expressed 
Angiomotins in these cells form mainly cytoplasmic aggregates, instead of localiz-
ing to the cell junctions (Zhao et al.  2011 ; Wang et al.  2011a ; Chan et al.  2011  ) . This 
raises the question of whether these approaches accurately re fl ect the physiological 
functions of the Angiomotins. Signi fi cantly, stable overexpression of Amot-p130 in 
MDCK cells, where it is correctly targeted to TJs, leads to increased localization of 
endogenous Yap not only to the junctions but also within the nucleus (Zhao et al. 
 2011  ) . Loss of function studies by knocking down members of the Motin family in 
cells that express endogenously at least one of three members of the family demon-
strated that silencing of AmotL2 but not AmotL1 increased the localization of Yap 
and Taz to the nucleus and induced cellular transformation in MDCK and MCF10A 
cells (Zhao et al.  2011 ; Wang et al.  2011a ; Chan et al.  2011  ) . In addition, knock-
down of AmotL2 or AmotL1 appeared to have opposite effects on MAPK signaling 
in MCF10A cells (Wang et al.  2011a  ) . Notably, the observed effect of AmotL2 
silencing on MAPK signaling in MCF10A cells was in contrast to another knock-
down study in zebra fi sh embryos and HUVEC cells (Wang et al.  2011a,   2011b  ) . It 
is possible that these discrepancies are due to tissue- or cell-type-speci fi c functions 
of different members of the Motin family. Further studies will be necessary to clar-
ify these differences. 

 In addition to controlling Yap subcellular localization, the Angiomotins have 
been reported to promote Yap phosphorylation and diminish transcription of two 
known Yap target genes, CTGF and Cyr61 (Zhao et al.  2011 ; Wang et al.  2011a ; 
Paramasivam et al.  2011  ) . One study suggested that the Angiomotins bind to and 
enhance the kinase activity of Lats1/2, thereby increasing Yap phosphorylation 
(Paramasivam et al.  2011  ) . One potential caveat is that this study was performed 
primarily with overexpressed Angiomotins tagged at their C-terminus, which may 
mask their C-terminal PDZ binding domains (Fig.  2.2 ) and hinder their binding to 
partners such as Patj/Mupp1, thus potentially interfering with the normal functions 
of the Angiomotins. Given that other studies have shown that the Angiomotins can 
regulate Yap activity independent of Hippo signaling, the precise functions of the 
Motin family members in Hippo signaling remain to be de fi ned. 
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 Con fl icting data also exist regarding to the roles of the Motin family in 
 tumorigenesis. We previously showed that Amot functions downstream of Merlin as 
a positive regulator of Rac1 and MAPK signaling in vitro and is required for 
 tumorigenesis following Merlin/ Nf2  loss in vivo, using an orthotopic model of NF2 
(Yi et al.  2011  ) . This  fi nding of a pro-proliferative role for Amot was corroborated 
by two other studies in mammary epithelial cells and zebra fi sh embryos (Wang 
et al.  2011b ; Heller et al.  2010  ) . Other reports suggested that knockdown of AmotL2 
leads to cellular transformation in MDCK and MCF10A cells in vitro (Zhao et al. 
 2011 ; Wang et al.  2011a  ) . It is possible that this is a re fl ection of different roles car-
ried out by members of the Motin family and/or a choice of model system used in 
the studies. The availability of knockout and transgenic mouse models in which 
components of the Hippo-Yap pathway have been targeted will no doubt facilitate 
the de fi nition of the roles the Motin family plays in tumorigenesis (Zhang et al. 
 2010 ; Camargo et al.  2007 ; Dong et al.  2007 ; Zhou et al.  2009,   2011b ; Benhamouche 
et al.  2010 ; Song et al.  2010 ; Lee et al.  2010 ; Lu et al.  2010 ; Schlegelmilch et al. 
 2011  ) . For example, the role of Amot in tumorigenesis could be addressed, in vivo, 
by combining the Amot conditional knockout allele (Shimono and Behringer  2003  )  
with knockout or transgenic alleles of Hippo-Yap pathway components in a  tractable 
system such as the liver and examining the effects of Amot knockout on hepato-
megaly and tumorigenesis phenotypes caused by perturbance of Merlin or the 
Hippo-Yap pathway. These studies in a physiological system should help de fi ne the 
relationship between Merlin, the Motin family, and the Hippo-Yap pathway.      
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