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Summary

Initially identified as mammalian homologs to yeast Ste20 kinases, the Mst1/2 kinases have been 

widely investigated subsequent to their rediscovery as key components of the Hippo tumor 

suppressor pathway in flies. To date, our understanding of Mst substrates and downstream 

signaling outstrips our knowledge of how these enzymes are controlled by upstream signals. 

While much remains to be discovered regarding the mechanisms of Mst regulation, it is clear that 

Mst1 kinase activity is governed at least in part by its state of dimerization, including self-

association and also heterodimerization with a variety of other signaling partners. Here, we review 

the basic architecture of Mst signaling and function and discuss recent advances in our 

understanding of how these important kinases are regulated.
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Hippo pathway architecture in Drosophila and mammalian cells

The serine/threonine-specific protein kinases Mammalian Sterile-Twenty-like (Mst)1/2 are 

the defining components of the Hippo signaling pathway. This pathway controls organ size 

and tissue homeostasis by regulating apoptosis and cell proliferation [1, 2]. Mst1/2 were 

initially discovered in mammalian cells as members of the Ste20 family [3, 4] and, shortly 

thereafter, biochemically isolated as kinases activated by extreme stress [5]. Subsequently, 

an ortholog of these kinases, as well as other core components of what came to be known as 

the Hippo pathway, were discovered in Drosophila melanogaster by genetic screens 

designed to identify genes that regulate organ size. Following these pioneering studies in 

flies, conditional gene-deletion studies in mice confirmed a conserved role for Mst1/2 as a 

regulator of organ size and as a potential tumor suppressor [6–9]. Since that time, a great 
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deal of attention has been paid towards defining the elements and regulation of the Hippo 

pathway in both flies and in mammals. However, it is becoming increasingly clear that while 

most of the Hippo pathway machinery is highly conserved in multicellular organisms, the 

organization and functions of this pathway differ substantially in various model systems. In 

this review, we focus on the regulation of mammalian Mst1/2, in particular with respect to 

how this process differs from what has been learned in Drosophila.

Four proteins - Hpo, Sav, Wts and Mats - constitute the core components of the Hippo 

pathway in Drosophila, homologous to mammalian Mst1/2, WW45, Lats1/2, and Mob1 

respectively (Box 1). In mammals, Mst1/2, in conjunction with WW45, phosphorylates 

Mob1 and Lats1/2, leading to their activation [10, 11]. Activated Lats1/2 phosphorylates and 

inactivates a transcriptional co-activator Yes-associated protein (Yap) and/or its partner Taz 

by promoting its cytoplasmic sequestration [12, 13]. Yap is an oncogene that enhances 

transcription of genes involved in cell proliferation by partnering with TEAD family of 

transcription factors; inactivation of Yap by the Hippo pathway kinase cascade suppresses 

cell proliferation and promotes apoptosis [1, 13, 14].

Box 1

Mst-less Hippo signaling: a cautionary note regarding nomenclature

Strictly defined, the core Hippo pathway comprises the four signaling proteins Hpo/Mst, 

its partner Sav/WW45, its substrate Wts/Lats, and the Wts/Lats binding partner Mob/

Mats. However, in recent years the term has also been more loosely applied to any 

signaling cascade that results in inactivation of the transcriptional co-activator Yki/Yap, 

whether or not Hpo/Mst is involved. As it seems both formally incorrect and misleading 

to refer to the Hippo pathway absent involvement of the protein for which the pathway is 

named, we recommend restricting the use of this term as originally defined. It would be 

more appropriate to use a more general term, such as the Yap pathway, to describe 

pathways that regulate Yap phosphorylation independently of Mst.
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While the core kinase cascade of the Hippo pathway leading from the protein kinase 

Hpo/Mst to the transcriptional coactivator Yap/Yki is well-established and highly conserved 

between insects and mammalian organisms, the upstream regulation of this pathway appears 

to be organized differently in different model organisms. Genetic experiments in Drosophila 

have uncovered several upstream regulators of the Hippo pathway, including the apical 

membrane proteins Merlin (Mer), Expanded (Ex), and Kibra (Fig. 1A). However, it is 

important to note that in mammalian cells, direct links between Mst1/2 and these membrane 

proteins have not been established, and recent evidence strongly suggests that the 

mammalian Hippo pathway deviates significantly from the fly model. Indeed, in some cases 

it is unclear if the central kinase for which the pathway is named is a necessary component 

of the signaling module in mammalian cells (Box 1). For example, genetic experiments in 

mice have linked Merlin to the Hippo pathway components Lats and Yap, but not to Mst1/2 
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[15]. Rather than acting upstream of Mst1/2, it has been suggested that Merlin instead acts in 

parallel to Mst1/2 to activate Lats [16]. According to this model, Merlin directly binds to 

Lats and recruits it to the plasma membrane, where it is subsequently phosphorylated by 

active Mst1/2 (Fig. 1B). While these findings help clarify the heretofore obscure 

biochemical connection between Merlin and Mst, questions remain regarding their 

physiological relevance. One such question is why the overgrowth phenotype of Mer 

mutants in Drosophila is so much milder that that of Hpo, Sav, or Wts. The most 

straightforward interpretation of the data is that the role of Mer in Hippo pathway activation 

is relatively minor compared to those of the core components, but this is a question that will 

certainly bear further examination given the important role of Merlin in human cancer.

Interestingly, disruption of the MST1 gene in humans [17] or in mice [6] is not associated 

with tissue overgrowth, but rather with low numbers of naïve T-cells, mediated by signaling 

failure from an Mst1 complex that is normally activated downstream of T-cell receptor 

ligation or chemokine stimulation [18]. This Mst-regulated signaling pathway, which affects 

T cell polarization and integrin LFA-1 clustering, contains components that are not typical 

of the core Hippo signaling pathway as initially defined in flies, and also is independent of 

Yap/Taz [6]. Here, the small GTPase Rap1 serves as an upstream activator, coupling to 

Mst1 via the Rap1-binding protein Rassf5b (a.k.a. NORE1b or RAPL), and the downstream 

signal output is clustering of the integrin Lymphocyte Function Associated antigen (LFA)-1. 

It has been proposed that the regulation of LFA-1 clustering is mediated by Mst1-catalyzed 

phosphorylation of the exchange factor DENND1C, which then activates the vesicle 

transport GTPase Rab13, thus facilitating the delivery of the LFA-1 to the leading edge of 

lymphocytes [19]. Mst1 also affects lymphocyte motility, a function that is thought to be 

mediated by Mst-catalyzed phosphorylation of Mob1, which then activates the exchange 

factor Dock8, and its target small GTPases, Rac and Rho [20] (Fig. 2). Thus, in this setting, 

Mst is regulated and functions in a signaling cascade that is, in almost all respects, not 

congruent with the Hippo pathway as commonly understood. Beyond species-specific 

variations, these differences may reflect a general separation of Mst regulation and usage in 

epithelial versus lymphoid cells.

As emerging genetic data from mammalian systems show that Mst plays key roles in organ 

development and in immune function, and that these kinases participate in signaling 

pathways that fundamentally differ from that of the Drosophila Hippo pathway, it is worth 

reviewing the biochemical mechanisms governing Mst activation, with an emphasis on 

recent advances in this area.

Mst1/2: domain structure and dimerization

Mst1 and Mst2 are highly homologous by sequence and are identically organized, with an 

N-terminal kinase domain and a C-terminal regulatory region (Fig. 3). The C-terminal 

regulatory region can further be divided into two functional domains, an autoinhibitory 

domain, and a coiled-coil dimerization domain known as a SARAH domain [3]. Mst1/2 

contains two caspase-cleavage sites between the kinase and the autoinhibitory domain [21]. 

Caspase-mediated cleavage of Mst1/2 at these sites removes the autoinhibitory and SARAH 

domains and activates Mst1/2 during apoptosis [22]. When transiently overexpressed, 
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Mst1/2 itself induces apoptosis, leading to further Mst activation via caspase-mediated 

cleavage [4, 22]. Interestingly, the active, cleaved form of Mst1/2 is found at substantial 

levels in normal mouse liver (but not in the spleen), in the absence of apoptosis [7]. How 

these tissue-specific, cleaved forms are generated, and why they fail to trigger cell death, is 

currently unknown, but it has been speculated that these truncated, activated forms of 

Mst1/2 play an important role in hepatocytes in maintaining a differentiated, non-

proliferative state [7].

Mst1 and Mst2 have long been shown to form homodimers, though the functional 

significance of these homodimers are still a matter of considerable debate. 

Homodimerization was first suspected because immunoprecipitates from epitope-tagged, 

exogenous Mst1-transfected cells contained a band that co-migrated with endogenous Mst1 

[4]. Later, immunoprecipitation and gel filtration experiments demonstrated that endogenous 

Mst1 and Mst2 could self-associate [3, 23]. Further studies showed that the extreme C-

terminal domain of Mst1 and Mst2 (later termed the SARAH domain) is required for 

homodimerization of Mst1 and Mst2 [3, 23, 24]. Even though SARAH domain is the major 

region of interaction in Mst1/2 homodimer, a recent study showed that kinase domain of 

Mst1 and Mst2 could also interact to form weak dimer in solution, with a dissociation 

constant of 36 μM [23]. Using heteronuclear NMR spectroscopy, Hwang et al. showed that 

the SARAH domain of each monomer comprises two helices; a short N-terminal helix 

(residues 433–437) h1 and a long C-terminal helix (residues 441–480) h2. In addition, they 

showed that the SARAH domain from the two monomers interact in a head-to-tail manner to 

form an antiparallel helix dimer, in which helix h1 of one monomer is folded toward helix 

h1′ of the other monomer. The homodimer interface is mainly stabilized by hydrophobic 

interactions, but in addition to these interactions, hydrogen bonds and electrostatic 

interactions between the helices also stabilize the dimer interface [25].

Unlike mammalian Mst1/2, the N-terminal kinase domains of Drosophila Hpo interact with 

each other and this interaction has been shown to be critical for Hpo autophosphorylation 

and trans-kinase activity. The SARAH-domain mediated dimerization was not shown to 

have a major impact on the kinase activity of Hpo in flies. These observations suggest that 

dimerization of the kinase domain is more important for the activation of Drosophila Hpo 

than for mammalian Msts [26].

In addition to forming Mst1-Mst1 and Mst2-Mst2 homodimers, these kinases are known to 

form heterodimers with other SARAH domain containing proteins such as the Ras-

association domain family (RASSF) proteins. The RASSF proteins are tumor suppressor 

proteins implicated in a diverse range of biological functions such as apoptosis, autophagy, 

cell cycle, DNA repair and microtubule dynamics [27–37]. The RASSF family of proteins 

consists of ten members (RASSF1-10), all of which contain a conserved Ras association 

(RA) domain [38]. Of these ten members, only RASSF1-6 contains a SARAH (Salvador-

RASSF-Hippo) domain and, not coincidentally, only these six members have the ability to 

bind Mst1/2 [38]. Mst1 binding to all six SARAH domain containing RASSF family 

members has been shown by a yeast-two hybrid screen, though not all of these interactions 

have been corroborated with endogenous proteins in mammalian cells [38, 39]. Among the 

six RASSF family member proteins, the interaction between Rassf5 and Mst1/2 has been 
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extensively studied. Two recent studies compared the crystal structure of the Mst1/2-

RASSF5 heterodimer to that of the Mst1/2 homodimer. Similar to Mst1 homodimers, Mst1-

RASSF5 heterodimers form an antiparallel helix; however, there were several key structural 

differences between the Mst1-RASSF5 heterodimer and the Mst1 homodimers. First, the 

short N-terminal helix h1 present in the Mst1 homodimer was missing in the Mst2-RASSF5 

heterodimer. Second, the h2 helix of Mst1 SARAH domain was longer in the Mst2-RASSF5 

complex than in the Mst1 homodimer. Third, a sharp distortion of the α-helix of Mst1 

monomer was observed in the Mst1-RASSF5 heterodimer at P453 and P472. Interestingly, 

this study also showed that Rassf5-Mst1 heterodimers are more stable than the Mst1 

homodimer, as there are more extensive polar and nonpolar interactions in the heterodimer 

[40]. As discussed in the next section, the higher affinity for heterodimer formation may 

have implications regarding Mst activation, and also raise questions about the abundance of 

endogenous Mst/Mst homodimers vs. heterodimeric complexes with other SARAH-domain 

containing proteins.

Regulation of Mst1/2 activity

Mst1 and Mst2 can be activated by various apoptotic and stress stimuli, such as 

staurosporine, UV radiation, hydrogen peroxide, TNF-α, retinoic acid, okadaic acid, and 

several anti-cancer drugs [22, 41–45]. Although several mechanisms such as 

phosphorylation, SARAH-mediated dimerization, and interaction with other proteins have 

been proposed to regulate Mst1/2 activity, much remains to be learned regarding the 

mechanisms of Mst1/2 activation. In the following sections we will discuss some important 

mechanisms of regulation of Mst1/2.

Phosphorylation

In response to apoptotic or stress stimuli, Mst1/2 is autophosphorylated at multiple sites in 

the activation loop, which results in the activation of Mst1/2 [46, 47]. Among these 

autophosphorylation sites, phosphorylation at T183 and T180 is essential for Mst1 and Mst2 

activation, respectively [48]. These sites can be also be transphosphorylated by the Ste20-

family kinase TAO kinase-3, resulting in Mst activation [49]. Besides autophosphorylation, 

Mst1/2 are also regulated by transphosphorylation by protein kinases such as Akt and c-Abl. 

Akt and Mst are thought to operate in opposition, as the former promotes cell survival and 

the latter apoptosis. Akt binds to the C-terminus of Mst1 and phosphorylates Mst1 at T120 

and T387 residues. The phosphorylation of Mst1 by Akt prevents caspase-mediated 

cleavage of Mst1 and hence prevents activation of Mst1 and its downstream target FOXO3 

[50, 51]. Recently it was shown that the mTOR signaling pathway also regulates Mst1 

phosphorylation at T120 and that this phosphorylation results in loss of Mst1 function in 

prostrate cancer cells [52]. Interestingly, the protein phosphatase M family members, 

PHLPP1/2 (pleckstrin homology (PH) domain leucine-rich repeat protein phosphatase), 

have been shown to reverse the phosphorylation of Mst1 at T387, the Akt target 

phosphorylation site. PHLPP1/2 interacts and dephosphorylates Mst1 on the inhibitory T387 

site, thereby promoting Mst1 activation and Mst1-induced apoptosis [53]. PHLPP1/2-

induced dephosphorylation of Mst1 at T387 has also been shown to be required for cellular 

contact inhibition [54].
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Akt also phosphorylates Mst2 at T117 and T384 residues in response to mitogens and 

oncogenic Ras [55, 56].. Akt-induced Mst2 phosphorylation inhibits Mst2 kinase activity in 

several ways: by preventing Mst2 association with its activator, RASSF1A, by promoting 

Mst2 interaction with its inhibitor, Raf-1, and by preventing caspase-mediated cleavage of 

Mst2 [55, 56]. Akt-induced Mst1/2 phosphorylation and inactivation could be an important 

mechanism by which Akt promotes cell survival.

c-Abl-mediated tyrosine phosphorylation has also been shown to regulate Mst1 and Mst2 

activity. Two groups recently demonstrated that protein kinase c-Abl phosphorylates Mst1 at 

Y433 and Mst2 at Y81 in response to oxidative stress, leading to Mst1 and Mst2 activation 

and induction of neuronal cell death [57, 58]. However, these studies relied primarily on 

overexpression approaches, and it is not clear if c-Abl is an important regulator of Mst1/2 

under physiological conditions.

Homodimerization

In COS cells, endogenous Mst1 is found in high molecular complexes from approximately 

145 to 443 kDa, with an average of 200 kDa, suggesting that Mst1 exists primarily in 

multimeric complexes [3]. Exogenously expressed Mst1 readily forms homodimers, and 

these dimers require the presence of the SARAH domain [3]. Many studies have 

investigated the importance of Mst1/2 homodimerization in regulating Mst1/2 activity, with 

contradictory conclusions. Creasy et al. demonstrated that dimerization has no effect on 

kinase activity of Mst1, as a deletion mutant lacking only the SARAH (but not the 

autoinhibitory) domain had the same kinase activity as wild-type Mst1 [3]. However, Anand 

et al. showed that a dimerization-defective Mst1 mutant had ability to bind to and 

phosphorylate FOXO1, an important downstream target of Mst1 [24]. These results suggest 

that Mst1 dimerization is required for Mst1 kinase activity, at least towards FOXO1. 

Another study demonstrated that full-length Mst2, but not the isolated kinase domain of 

Mst2, undergoes autophosphorylation at T180. As autophosphorylation at T180 is important 

for Mst2 activation, this study suggested that Mst2 homodimerization is important for 

regulation of Mst2 activity [23].. In another study, reconstitution of Raf1 in Raf1−/− cells 

caused Mst2 homodimers to disassemble. Further, Raf1 reconstitution abrogated Mst2 

kinase activity, suggesting that Mst2 homodimerization is required for Mst2 activity [59]. 

While these cell-based studies suggest that Mst dimerization and activity are related, none 

are definitive, as it is difficult to separate dimerization per se from other binding events (e.g., 

to FOXO1) or phosphorylation events (e.g., Raf1). In our view, what is needed to resolve 

this question is a “cleaner” biochemical approach using recombinant enzymes.

Heterodimerization with RASSF family proteins

SARAH-mediated heterodimerization of Mst1/2 with RASSF proteins has been shown to 

both positively and negatively regulate Mst1/2 activity [48, 60]. For example, as mentioned 

previously, in T cells, Rassf5 complexes with Mst1, and overexpression of an activated form 

of the small GTPase Rap1 activates Mst1 [18]. Importantly, gene deletion studies confirmed 

that this interaction is required for Mst1 activation by T-cell receptor or chemokine 

stimulation [18]. Supporting this model, one group showed that overexpression of 

RASSF1A in 293T cells increased the kinase activity of Mst1/2 and promoted Mst1-
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mediated apoptosis [60]. In contrast, another group reported that overexpression of 

RASSF1A in cells suppressed autoactivation of Mst1 [48]. It is possible that these 

apparently contradictory results are related to the different expression levels of RASSF1A 

used in each study, as RASSF1A was expressed at close to physiological levels in the first 

study, whereas expression of RASSF1A was much higher in the second.

At least four mechanisms have been proposed for Mst1/2 activation by RASSF1 (Fig. 4). 

First, RASSF1A has been shown to activate Mst1/2 by preventing protein phosphatase 2A-

mediated dephosphorylation of Mst1 at Thr-183 and Mst2 at Thr-180. In addition to 

preventing dephosphorylation, RASSF1A has also been shown to stabilize the Mst2 protein 

[61]. Third, RASSF1A binding to Mst2 has been shown to release Mst2 from an inhibitory 

complex with Raf-1, leading to the activation of Mst2. Finally, RASSF1A has been shown 

to promote the interaction of Mst2 with its substrate Lats1, leading to the activation of Lats1 

and downstream Yap1 [62].

As with RASSF1, there are contradictory reports regarding Mst1 regulation by RASSF2. 

Song et al. reported that RASSF2 activates Mst1-mediated histone H2B phosphorylation in 

vitro, but that it inhibits Mst1-mediated FOXO3 phosphorylation in intact cells [63]. These 

results suggest that regulation of Mst1 activity by RASSF2 in intact cells may be more 

complex than a simple association between the two proteins. It is possible that in intact cells, 

RASSF2 recruits other proteins into the Mst1-RASSF2 complex, resulting in inhibition of 

Mst1 activity, or affects Mst1 substrate specificity.

The interaction of Mst2 with RASSF5 exemplifies one other aspect of regulation by 

heterodimerization; namely, temporal considerations. In this case, it has been reported that 

the effects of RASSF5 binding to Mst2 depend on whether association occurs before or after 

Mst2 is activated. In this model, if the two proteins interact before Mst2 activation, 

disruption of the Mst2 homodimer by RASSF5 prevents subsequent Mst2 activation; if after, 

there is no effect on Mst2 activity. Thus, RASSF5 can act as a context-dependent negative 

regulator of Mst2, depending on whether it binds to Mst2 before or after Mst2 activation 

[23] (Fig. 5).

Regulation by non-SARAH domain protein interactions

Mst2 has been shown to interact with Raf-1, a key component of Ras/Raf/MEK/ERK 

mitogen-activated protein kinase signaling pathway that plays a crucial role in regulation of 

cell proliferation, differentiation and cell survival [64–66]. Raf-1 interaction has been shown 

to negatively regulate Mst2 kinase activity [55]. O’Neill et al. demonstrated that Mst2 was 

constitutively phosphorylated at activating threonine residues in Raf1−/− cells but not in 

Raf1+/+ cells. Reconstitution of Raf-1 or a kinase-dead form of Raf-1 in Raf1−/− cells 

abrogated Mst2 phosphorylation and activation, suggesting that Raf-1 inhibits Mst2 

independent of Raf-1 kinase activity. Further examination revealed that Raf-1 inhibits Mst2 

activation by two mechanisms: first, by preventing homodimerization of Mst2, and second, 

by recruiting a phosphatase that removes activating phosphorylations on Mst2 [59, 67]. 

While Mst2 is negatively regulated by Raf-1, conversely, Mst2 regulates Raf-1 [55, 68]. 

Mst2 knockdown has been shown to enhance the inhibitory phosphorylation of Raf-1 on 
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Ser259, suggesting that, in response to mitogen stimulation, Mst2 positively regulates Raf-1 

activity by suppressing the Ser259 inhibitory phosphorylation on Raf-1 [69].

Antioxidant enzymes such as thioredoxin and peroxiredoxin-1 (Prdx1) have also been 

shown to bind Mst1 and to regulate Mst1 activation by oxidative stress [79–81]. Similar to 

the model of Mst2/RASSF5 interaction (Fig. 5), Chae et al. suggested that association of 

thioredoxin inactivates Mst1 by preventing its homodimerization and autophosphorylation. 

In this schema, H2O2 alleviates inhibition of Mst1 by disrupting the interaction of Mst1 with 

thioredoxin [72]. Prdx1 represents a second antioxidant enzyme that interacts with Mst1 [70, 

71]. In this case, however, the interaction is promoted, rather than disrupted, by oxidant 

stress [71]. While one study showed that association of Mst1 with Prdx1 was required for 

H2O2-induced Mst1 activation and induction of apoptosis [70],, another reported that Mst1 

interaction with Prdx1 led to phosphorylation and inactivation of Prdx1. In this setting, 

inactivation of Prdx1 by Mst1 resulted in the accumulation of H2O2 in cells, which might 

reinforce Mst1 activation by positive feedback [71].

Concluding Remarks

As central components of a recently discovered tumor suppressor pathway, the Mst kinases 

have deservedly garnered much attention. Based on pioneering experiments in Drosophila, 

the central role for Mst1/2 in regulating Yap has been established, but it is now apparent that 

in mammals Mst1/2 have roles other than Yap activation, and also that Yap can be activated 

independently of Mst1/2. These findings mean that Mst signaling is more complex than 

initially supposed. It is clear that much work needs to be done in terms of understanding 

how Msts are activated, particularly in mammalian systems, and also to determine if the two 

isoforms of Mst have unique regulation or functions. Other open questions remain regarding 

the relationship of Mst dimerization and activity and how such dimerization is regulated. 

Given the multiplicity of relevant genetic model systems now available and recent advances 

in structural analysis of the Mst kinase and SARAH domains, a more complete picture of the 

workings of this important kinase should soon come into view.
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Highlights

• Mst1/Mst2/Hippo are core, conserved components of a tumor suppressor 

pathway.

• Mst/Hippo signaling has both similarities and key differences in mammals and 

flies.

• Homo- and heterodimerization play important roles in Mst regulation.
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Fig. 1. Upstream links to the Hippo pathway in flies and mammals
(A) In Drosophila, Ex, Mer and Kibra upon activation by Fat, activate Hpo-Sav complex. 

Activated Hpo-Sav complex phosphorylates and activates Wts-Mts complex. Activated Wt-

Mts phosphorylates Yki, leading to its cytoplasmic retention and inactivation. In the absence 

of Hpo signaling, Yki binds transcription factor Sd and promotes cell proliferation and 

inhibition of apoptosis. (B) In mammals, Merlin interaction with Lats leads to recruitment of 

Lats to the plasma membrane. At the plasma membrane Lats is phosphorylated and activated 

by Mst. Activated Lats phosphorylates Yap leading to its inactivation and cytoplasmic 

retention. Pointed arrowheads indicate activation and blunted ends indicate inhibition. Solid 

lines indicate direct interaction while dashed lines indicate unknown mechanism.
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Fig. 2. Hippo-pathway independent Mst signaling
In lymphocytes, Mst1/2 is activated by chemokines and T-cell receptor (TCR) ligation. 

These signals are propagated by activation of the small GTPase Rap1, which binds to the 

adaptor protein Rassf5. Rassf5 contains a SARAH domain, which mediates interaction with 

Mst1/2. Mst has been shown to phosphorylate the guanine-nucleotide exchange factor 

(GEF) DENND1C, leading to activation of the small GTPase Rab13, and subsequent 

clustering of the integrin LFA-1. Activated Mst1 also phosphorylates the Rac/Rho GEF 

Dock8, promoting cell migration.
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Fig. 3. Schematic representation of the domain structure of Mst1/2
Full-length Mst1/2 is composed of N-terminal kinase domain (green), a C-terminal SARAH 

domain (yellow), and an auto-inhibitory domain between the kinase and the SARAH domain 

(blue). Mst1 is regulated by phosphorylation at T120, T183, T387 and Y433, and caspase 

cleavage at D326 and D349 (equivalent phosphorylation and caspase cleavage sites are 

present in Mst2).
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Fig. 4. Mst1/2 regulation by Rassf1
Mechanistic models of Mst1/2 activation by Rassf1. A. Rassf1 can activate Mst1 and Mst2 

is by preventing dephosphorylation by PP2A. B. Rassf1 can activate Mst2 by releasing it 

from its inhibitory complex with Raf-1. C. Rassf1 can activate Mst2 by preventing its 

degradation. D. Rassf1 can activate Mst2 by promoting its interaction with its substrate, 

Lats. Pointed arrowheads indicate activation while blunted ends indicate inhibition.
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Fig. 5. Regulation of Mst2 by Rassf5
Rassf5 can act as an activator or inhibitor of Mst2, depending on whether it binds Mst2 

before or after activation-loop phosphorylation. When Rassf5 binds Mst2, before activation-

loop phosphorylation, it blocks Mst2 homodimerization and hence activation, but when 

Rassf5 binds Mst2 after activation-loop phosphorylation, it promotes Mst2 activation and 

function.
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