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Abstract
Importance of the field—Metabolic disease, which is associated with obesity and cardiovascular
disease, is a worldwide epidemic. There continues to be a tremendous effort towards the development
of therapies to curtail obesity and its associated pathophysiological sequelaes. The mitogen-activated
protein kinases (MAPKs) have been implicated in metabolic disease suggesting that these enzymes,
and those that regulate them, can potentially serve as therapeutic targets to combat this disease. The
MAPK phosphatase-1 (MKP-1) mediates the dephosphorylation and inactivation of the MAPKs in
insulin-responsive tissues. Therefore, the actions of MKP-1 may play an important role in the
maintenance of metabolic homeostasis.

Areas covered in this review—The goal of this article will be to review the functional effects
of MKP-1 in MAPK regulation with emphasis on its role in physiological and pathophysiological
signaling functions that have been elucidated through the use of mouse genetics.

What the reader will gain—The reader will learn that MAPK inactivation through the effects of
MKP-1 is essential for the maintenance of metabolic homeostasis. We will convey the idea that
MKP-1 acts as a critical signaling node in MAPK-mediated regulation of cell signaling and
metabolism.

Take home message—Pharmacological inactivation of MKP-1 may be of therapeutic value in
the treatment of obesity and possibly other metabolic disorders.
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Introduction
The mitogen activated protein kinase (MAPK) phosphatase (MKP) family of enzymes are
established non-redundant regulators of MAPK signaling. The founding member and the most
extensively studied of this family, MKP-1, has dynamic roles in the regulation of physiological
processes such as innate and adaptive immunity, skeletal muscle regeneration and metabolism
[1–5]. Here, we will highlight those studies that have examined the function of MKP-1 using
approaches that employ mice lacking the expression of MKP-1. In particular, we will focus on
work from this laboratory that has uncovered a role for MKP-1 in the regulation of metabolism.
These studies have uncovered unanticipated opportunities for the possibility that
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pharmacological inactivation of MKP-1 may provide therapeutic benefit in obesity and other
metabolic diseases.

Regulation of MKP-1 function: pathway and signaling specificity
The MAPK family of enzymes is ubiquitously expressed and is essential for cells to transduce
information from the extracellular surface to the nucleus in order to evoke diverse cellular
functions [6]. The MAPKs constitute the growth-factor responsive extracellular-signal
regulated kinases 1 and 2 (ERK1/2) and the stress-responsive MAPKs, p38 MAPK and the c-
Jun NH2-terminal kinases (JNK). MAPKs are activated by phosphorylation on a regulatory
threonine and tyrosine residue in the activation loop by their upstream activators, the MAPK
kinases [7]. Once activated, the MAPKs are inactivated by dephosphorylation of these same
two residues by the MAPK phosphatases (MKPs) [8,9].

The MKP family consists of ten dual-specificity phosphatases (DUSPs) that are classified into
three subgroups based on sub-cellular localization and substrate preference [8,9]. MKP-1 was
originally described as an ERK1/2-specific phosphatase, though it was later determined that it
was able to dephosphorylate JNK as well as p38α/β MAPK [10–12]. Structurally, MKP-1
contains an NH2-terminus non-catalytic domain wherein a kinase interaction motif (KIM)
resides (Figure 1B). The KIM, typically constitutes a basic cluster of residues, which is
responsible for direct MKP-1 binding to the MAPKs [13]. MKP-1 binding to MAPK is
sufficient to induce the activation of MKP-1 [14]. MKP-1 also contains a unique motif
(LXXLL) that is required for its nuclear localization (Figure 1B) [15]. The cdc25 homology
domains A (CH2A) and B (CH2B), as the name implies are regions, which bear similarity to
domains found in the cdc25 phosphatase (Figure 1B). However, little function has been
ascribed to these domains. Within the COOH terminus of MKP-1 resides the PTP domain,
which conveys the properties for specific MAPK dephosphorylation (Figure 1B) [8]. Finally,
at its extreme COOH terminus, MKP-1 contains several MAPK phosphorylation sites that have
been proposed to control MKP-1 stability [16,17].

MKP-1 dephosphorylates all three MAPKs, with substrate preference for p38α/β MAPK ≥
JNK > Erk1/2 and this rank order of substrate preference correlates closely with the ability of
MKP-1 to interact with each of these MAPKs [9,10,14]. An important component of MKP-1
functionality is its sub-cellular localization to the nucleus, which is directed through a domain
within its NH2 terminus [15]. Nuclear residence of MKP-1 affords it the capacity to direct
MAPK dephosphorylation in a restricted manner within this compartment. Work from our
laboratory has demonstrated that the localization of MKP-1 to the nucleus is crucial to its
function [4]. In addition to both its specificity for the MAPKs and nuclear localization, MKP-1
is rapidly induced in response to a plethora of stresses. The expression of MKP-1 is highly
regulated at both the level of transcription and protein stability. The promoter of MKP-1 is
highly responsive to stimuli including ultra violet radiation, oxidative stress, growth factors,
inflammatory stimuli, fatty acids, glucocorticoids, and hypoxia [18–21]. The transcription of
the MKP-1 gene has been shown in multiple contexts to be regulated by the MAPKs themselves
[22–25]. MKP-1 is an immediate-early gene, and its transcript is relatively labile, with a half-
life of about 1 hour, which can be stabilized upon treatment with oxidants [26,27]. MKP-1
protein stability is also tightly regulated with a protein half-life also of about 1 hour, and it is
a target for ubiquitination and degradation by the proteasome [16,28,29]. MKP-1 activity is
positively and negatively regulated by post-translational modifications [16]. Tumor necrosis
factor-α potentiates JNK activity by increasing free radical production, which results in reactive
oxygen species oxidizing the catalytic cysteine of MKP-1 (as well as other MKPs) leading to
its inactivation [30]. MKP-1 is also acetylated on Lysine 57 in response to stimulation by LPS,
which has been suggested to increase its ability to bind and hence dephosphorylate the MAPKs
[31].
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The induction of MKP-1 protein expression is often, but not always, driven by the activation
of the MAPKs themselves, particularly the stress-responsive MAPKs, thereby establishing a
negative feedback loop on the MAPKs. The nature of the dynamic upregulation of MKP-1,
and subsequent MAPK dephosphorylation, is an important mechanism through which the
magnitude and temporal regulation of MAPK activity is controlled. MAPK activation and
inactivation has long been appreciated to be a major determinant directing biological outcomes
through either transient or sustained activation kinetics [32,33]. Once the MAPKs have
translocated to the nucleus, MKP-1 plays an essential role in setting the kinetics of deactivation
of this pool of MAPKs [34], functioning to fine tune the activity of the MAPKs as they acquire
proximity to their target substrates.

MKP-1 as a critical “node” in MAPK signaling
Much of the information we have learned about the MAPKs has been derived through studying
the actions of individual MAPK modules [7]. Physiologically the MAPKs act simultaneously,
and often on the same targets, to evoke a biological response. Therefore, MKP-1, which has
the capacity to regulate multiple MAPKs simultaneously within the nucleus, likely represents
a “critical node” in MAPK signaling (Figure 2). The concept of signaling networks and “critical
nodes” in metabolism have been discussed [35,36]. The general assignment of a signaling node
is one in which several molecular isoforms exist and there is an involvement of divergent
signaling pathways that are regulated in both a positive and negative manner. We suggest that
MKP-1 satisfies these criteria and constitutes a bona fide “critical node” in the MAPK pathway.
First, MKP-1 is one of several molecular isoforms (Figure 1A) and serves to receive signals
from multiple MAPKs that recognize divergent inputs [33]. These characteristics endow
MKP-1 with a prominent regulatory feature that if targeted, could result in the modulation of
an integrated MAPK signaling response. We contend that the schematics often represented to
explain the signaling effects of MKP-1, and other MKPs, should incorporate a representation
of the potential for variable outputs of MAPK/MKP substrate phosphorylation (Figure 2).

Given the repertoire of MAPKs that are activated in response to a particular signal the result
of the combined simultaneous inactivation of these MAPKs by MKP-1 can provide unique
effects on any given MAPK substrate (Figure 2). This is particularly true if the MAPK substrate
is phosphorylated on multiple residues, by more than one MAPK, and the effects of each of
these phosphorylation sites yields distinct functional consequences (Figure 2). Hence, the
actions of MKP-1 can in some instances manifest as either positive or negative signaling
outcomes on a particular pathway (Figure 2), which can vary in different cell types either as a
function of the relative activities of the various MAPKs and/or abundance of the MAPK
substrate. Furthermore, due to the temporal nature of MKP-1 transcriptional activation the
attenuation of an integrated MAPK response by MKP-1 serves as another measure through
which signaling specificity is generated. For this reason it is difficult to predict whether the
outcome of activation of a single MAPK module will necessarily be recapitulated by the
inactivation of MKP-1. In some cases, inactivation of MKP-1 can be rescued by the inhibition
of a single MAPK family member. These observations suggest that there are MAPK-dependent
pathways that MKP-1 regulates that are controlled predominately by the actions of a single
MAPK. However, whether such examples translate to the intact organism remains to be
determined.

Physiological functions of MKP-1: Lessons learned from MKP-1 knock-out
mice

Although it was initially realized that MKP-1 was capable of dephosphorylating the MAPKs
when overexpressed, it was unclear as to whether its actions could be sub-served by other MKP
family members. The generation of mice lacking the expression of MKP-1 was anticipated to
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resolve this issue. These initial studies indicated that mice lacking the expression of MKP-1
were neither born with developmental abnormalities nor did these mice exhibit any post-
developmental phenotype [37]. Fibroblasts derived from mice lacking the expression of
MKP-1 neither showed hyper-activation of ERK1/2 nor increased cell proliferation [37]. These
observations led to the conclusion that MKP-1 plays a redundant role in the inactivation of the
MAPKs.

Our laboratory sought to extend the examination of MKP-1 to determine its potential
requirement as an essential negative regulator of the stress-responsive MAPKs and to ask
whether under conditions of stress if an essential role for MKP-1 in the intact organism could
be uncovered. These studies revealed that in fibroblasts derived from MKP-1-deficient mice
that the level of ERK1/2 activation was equivalent to wild type cells, in agreement with those
initially published [37]. In contrast, the stress-responsive MAPKs, p38α/β MAPK and JNK,
were hyperactivated in these cells in response to growth factors and stress-inducing stimuli
[34]. In addition, loss of MKP-1 resulted not in an increase in cell proliferation, as anticipated,
but rather impaired proliferation due to increased apoptosis [34]. These results were the first
to demonstrate that loss of MKP-1 is essential for the negative regulation of the stress-
responsive MAPKs [34].

MKP-1 is a negative regulator of the inflammatory response
The earliest observations indicating an essential function for MKP-1 were derived from
experiments focusing on the role of MKP-1 in macrophages. Several groups showed that
MKP-1 plays an essential role in negatively regulating both p38α/β MAPK and JNK in the
innate immune response [5,38–40] (Figure 3). MKP-1 appears to be intimately coupled with
the innate immune apparatus since its expression is regulated through the Toll-like Receptor
4 (TLR4) in macrophages, in a MyD88 and TRIF-dependent manner [5]. As a result of the loss
of MKP-1, its key attenuating properties on the stress-responsive MAPKs are revealed, as
MKP-1-deficient mice show an enhanced susceptibility to septic shock following LPS
challenge [5,38–40]. Interestingly, glucocorticoids, which are powerful anti-inflammatory
agents, have been shown to be potent inducers of MKP-1 expression [41,42]. Mice lacking the
expression of MKP-1 are unresponsive to the anti-inflammatory actions of glucocorticoids
suggesting that MKP-1 is a major mediator of the anti-inflammatory response driven by this
agent [42]. These findings demonstrate the role of MKP-1 as an important regulator of innate
immunity and the anti-inflammatory actions of the glucocorticoids. However, it appears that
MKP-1 does not participate in all aspects of glucocorticoid-mediated inflammatory signaling
since mice lacking MKP-1 still respond to the anti-allergic actions of the glucocorticoids
[43]. More recently, MKP-1 has been suggested to be a positive mediator of B- and T-cell
function [44] which, provides another example of how the actions of MKP-1 in the immune
system are important, but also that within the hematopoietic system it can mediate both positive
and negative effects.

MKP-1 in bone remodeling
The prominent function of MKP-1 in macrophages prompted our laboratory to investigate
whether there was a role for MKP-1 in bone formation and function. Surprisingly, despite a
pronounced requirement for MKP-1 in macrophages, the effects of MKP-1 on bone remodeling
were subtle. Only in females was a decrease in bone mass observed [3] suggesting that MKP-1-
deficient mice exhibited either increased macrophage-derived osteoclast or decreased
osteoblast activity (Figure 3). MKP-1-deficient mice have significantly lower numbers of
osteoclasts as compared to wild type animals, without an appreciable difference in the number
of osteoblasts indicating that the reduced bone mass likely occurred through enhanced
osteoclast rather than reduced osteoblast activity [3]. Consistent with this, MKP-1-deficient
osteoclasts showed increased p38α/β MAPK and JNK activity and were appreciably more
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active in their bone absorptive capacity [3]. These results implied that MKP-1 negatively
regulates osteoclast function and bone homeostasis.

MKP-1 in the maintenance of skeletal muscle function
Adult muscle growth and repair is promoted through the actions of the MAPKs, in particular
p38α/β MAPK plays a prominent role in this process. How muscle growth and repair are
regulated through the actions of the MKPs was unknown. We investigated the role of MKP-1
in adult regenerative myogenesis and found that while MKP-1 was capable of inactivating
p38α/β MAPK in the population of cells responsible for regeneration (satellite cells), MKP-1-
deficient mice were impaired in their ability to regenerate skeletal muscle in response injury
[1]. These results suggest that MKP-1 positively regulates skeletal muscle regeneration despite
the fact that it opposes the pro-myogenic actions of p38α/β MAPK in satellite cells (Figure 3).
However, it also appears that the actions of MKP-1 on skeletal muscle regeneration are not
solely a function of its effects in satellite cells since in response to muscle injury there is a
profound inflammatory response, which likely contributes to the impaired muscle regenerative
capacity [1]. In this instance, MKP-1 tissue-specific knock-out mice will be required to fully
dissect the relative contribution of satellite cells and immune system effects to the overall
skeletal muscle regenerative response.

MKP-1 in the control of metabolic homeostasis
The MAPKs have been shown to be involved in a multitude of metabolic processes including
adipogenesis, insulin signaling, glucose uptake, fatty acid metabolism, lipogenesis, and energy
expenditure [45–52]. Consistent with this, a role for the MKPs in metabolism is also emerging
[2,4,53,54]. Work from our group discovered that MKP-1-deficient mice are resistant to age
and high-fat diet induced obesity [4]. The resistance to weight gain in the MKP-1-deficient
mice was attributed to increased energy expenditure. Unexpectedly, measures of glucose
homeostasis revealed that MKP-1-deficient mice were not insulin sensitive despite being leaner
than wild type mice. The fact that MKP-1-deficient mice, though protected from obesity, were
not insulin sensitive posed a conundrum. This issue was resolved by experiments which showed
that MKP-1 controlled the nuclear pool of MAPKs that are involved in driving the expression
of energy expenditure genes, while leaving the activity of the cytosolic MAPKs such as JNK,
which influence insulin sensitivity through phosphorylation of the insulin-receptor substrate-1,
unaffected [4]. These results revealed the functional importance of the nuclear restriction of
MKP-1 dephosphorylation of the MAPKs and provided evidence in mice for the importance
of the spatial regulation of the MAPK/MKP signaling module.

The most likely contributing factor for the reduced adiposity in MKP-1-deficient mice resides
in the increased levels of energy expenditure observed in these mice [4]. Interestingly, a role
for MKP-1 in adipogenesis has been suggested. In 3T3-L1 adipocytes, MKP-1 levels increased
during adipocyte differentiation, concomitant with a decrease in ERK1/2 activity. Furthermore,
reducing MKP-1 expression with antisense oligonucleotides decreased adipogenesis in an
ERK1/2-dependent manner [55]. At odds with these reports, we found that adipocyte
differentiation from mouse embryonic fibroblasts derived from wild-type and MKP-1-deficient
mice occurred at equivalent rates [4]. It is conceivable that the ability of MKP-1 to regulate
ERK1/2 activity in adipocytes may influence the activity of the master regulator of
adipogenesis, the peroxisome proliferator-activated receptor γ (PPARγ), which is negatively
regulated by ERK1/2 phosphorylation [56].

Although MKP-1 was originally identified as a stress-responsive gene in the liver [57,58], its
physiological function in this tissue was unknown. We found that hepatic steatosis is
dramatically attenuated in mice lacking MKP-1 when mice are fed a high fat diet [4]. This
effect was due to enhanced fatty acid metabolism since in MKP-1-deficient mice, ligand-
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induced activation of PPARα, which promotes fatty acid β-oxidation, was enhanced in a p38
MAPK-dependent manner [4]. Furthermore, a target of PPARα, carnitine palmitoyltransferase
I–L, which is responsible for the transport of long-chain fatty acids into the mitochondria, was
elevated in the liver after fasting in MKP-1-deficient mice [4]. These results suggest that in the
liver, MKP-1 negatively regulates fatty acid metabolism by decreasing the sensitivity of
PPARγ to bind ligand and become activated. Hence, pharmacological inactivation of MKP-1
may provide a unique way in which to limit hepatic steatosis in cases of obesity and other
metabolic disorders.

Skeletal muscle is a major site through which energy expenditure is regulated in the rodent
[59–61]. We have shown that in skeletal muscle, MKP-1 regulates MAPK-dependent signaling
which controls this process. Several lines of evidence suggest that MKP-1 negatively regulates
energy expenditure in skeletal muscle. Mitochondrial oxidative phosphorylation is
significantly enhanced in skeletal muscles of mice lacking the expression of MKP-1 [4] and
this is accompanied by increased expression of oxidative myofibers [2]. This is particularly
significant since the number of oxidative myofibers declines in obesity and switches to a more
glycolytic composition [62,63]. Glycolytic myofibers have reduced oxidative capacity and
consume less energy. In mice lacking MKP-1, this pathophysiological switch from oxidative
to glycolytic myofibers is attenuated during high fat feeding [4]. Therefore, mice lacking
MKP-1 maintain both the composition of oxidative myofibers and levels of energy expenditure
that otherwise decline after a high-fat diet in wild type mice. In obesity, MKP-1 levels of
expression increase correlating with the loss of oxidative myofibers [4]. We have tied these
changes in MKP-1 expression to reduced mitochondrial function through the actions of MKP-1
on p38 MAPK-mediated phosphorylation of the peroxisome proliferator-activated receptor γ
coactivator-1α (PGC-1α). PGC-1α promotes energy expenditure by targeting genes that
activate mitochondrial biogenesis [64,65]. Under conditions of obesity MKP-1 is
overexpressed in skeletal muscle resulting in the inhibition of p38 MAPK-mediated
phosphorylation of PGC-1α, which facilitates its degradation and hence, reduces its activity
(Figure 4) [2]. These results demonstrate that in skeletal muscle, MKP-1 underlies a basic
mechanism for the control of energy expenditure by interfacing with MAPK-dependent events
that regulate mitochondrial biogenesis.

Pharmacological Targeting of MKP-1 in Metabolism
It may appear counterintuitive that inhibiting MKP-1, and hence increasing MAPK activity,
may have beneficial metabolic effects in light of the fact that inhibition of the stress-responsive
MAPK, JNK, has been suggested to be of therapeutic value for metabolic disease [66,67].
Presumably, these different indications are attributed to the complex nature of both overlapping
and non-overlapping signaling pathways regulated by the MAPKs and MKP-1, which further
supports the idea that the concerted actions of MKP-1 as a MAPK signaling node can result in
very unique outcomes (Figure 2).

Inhibition of MKP-1 activity in skeletal muscle may provide new ways in which to preserve
the loss of oxidative myofibers and hence maintain whole body metabolism to curtail weight
gain. In the diseased liver, the ability to inhibit MKP-1 activity may provide therapeutic benefit
to ameliorate the development of hepatic steatosis and in so doing preserve hepatic function.
Small molecule inhibitors to MKP-1 represent attractive therapeutic strategies for metabolic
disease since MKP-1 in unstressed states is expressed at relatively low levels in insulin-
responsive tissues. Whereas, in obesity and type II diabetes, MKP-1 is overexpressed [4,68,
69]. Therefore, the actions of a small molecule inhibitor to MKP-1 will be expected to act
predominately in those tissues overexpressing MKP-1. It will need to be determined whether
MKP-1 is overexpressed in obesity and type II diabetes in humans. Interestingly, MKP-1
expression levels are repressed in humans following bariatric surgery [70] suggesting a
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correlation between MKP-1 expression and fat mass in humans. If so, this situation should
provide MKP-1 the attributes that make it a good target for therapeutic intervention since only
in those diseased tissues will the expression of MKP-1 be sufficiently high to exert an effect
on the MAPK pathway.

There has been an apprehensive outlook towards inhibiting the MKPs due to concerns of
toxicity and/or deleterious side effects because of the fact that one is broadly removing a
ubiquitously expressed MAPK antagonist. However, it can be argued that this is unlikely to
be the case because inhibition of MKP-1 in the mouse does not result in overt effects in
unstressed animals [37]. In addition, specific inhibition of MKP-1 causes discrete upregulation
of the nuclear pool of MAPKs [2,4]. The restricted inhibition, and hence activation of the
MAPKs to the nucleus, will likely reduce dramatically major side effects due to enhanced
MAPK activation. In skeletal muscle, inactivation of MKP-1 pharmacologically, and hence
upregulation of the nuclear pool of MAPKs would be expected to cause the activation of gene
expression events that promote energy expenditure without affecting the cytosolic pools of
MAPKs that interfere with insulin sensitivity. Secondary consequences of weight loss
promoted through enhanced skeletal muscle energy expenditure would subsequently improve
parameters of insulin sensitivity. Clearly, a substantial amount of work is required to
definitively prove these outcomes in animal models and ultimately whether such affects are
recapitulated in humans.

MKP-1 inhibitors have been identified through the efforts of high-throughput screens where
small molecules exhibiting properties of high selectivity to the MKPs have been identified
[71–73]. One of the drawbacks limiting progress towards successful high affinity MKP-1
inhibitor design and development rests in the fact that the PTP domains of the MKPs are all
highly similar. Thus, the development of specific MKP-1 inhibitors still remains a challenge.
To date, the crystallographic structure of MKP-1 has yet to be solved and therefore drug design
based upon information at the atomic level is not yet possible. Efforts towards the design of
MKP-1 inhibitors have utilized the crystal structure information for MKP-5 [74,75], which
also is an MKP that dephosphorylates the stress-responsive MAPKs [76]. In the absence of
small molecule inhibitors to MKP-1, the use of anti-sense oligonucleotides or small interfering
RNA technologies may provide a useful therapeutic benefit for metabolic diseases such as in
the treatment of non-alcoholic fatty liver disease where MKP-1 inhibition has been shown to
attenuate hepatic steatosis [4]. Whether MKP-1 inactivation truly represents an effective
therapy for metabolic disease in humans at this juncture is obviously unclear. Deleterious
effects of global MKP-1 inactivation have been reported to promote the activation of the innate
immune system [5,38,39]. This effect alone may exacerbate metabolic disease. Other notable
considerations are the potential affects of MKP-1 in the bone where its loss increases osteoclast
activity [3], which could have negative affects on bone mass in the aging population. In some
cases MKP-1 inactivation has been implied to promote [77], and in others, its inactivation
impedes the pathogenesis of atherosclerosis [78,79]. However, which of these effects on
MKP-1 inhibition predominates when translated to the intact organism will require further
investigation.

Conclusion
MKP-1 can now be defined as an essential and dynamic regulator of the MAPK pathway in
the control of metabolic signaling. The next wave of research on MKP-1 will need to encompass
an assessment of its effects in specific tissues in order to ascertain the site of action through
which it exerts metabolic control. This is likely to be further complicated by the fact that MKP-1
acts as a critical node to control multiple MAPK signaling pathways. Nevertheless, the benefits
of pharmacologically inhibiting MKP-1 in the treatment of metabolic disease are clearly
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appealing. Further studies should continue to provide support for the notion that MKP-1 is a
potential therapeutic target for the treatment of metabolic disease.

Article highlights

• MKP-1 plays an essential role in the dephosphorylation and subsequent
inactivation of the nuclear pool of MAPKs in insulin-responsive tissues in mice.

• MKP-1 serves as a “critical node” to integrate MAPK signaling effects.

• In obese mice MKP-1 is overexpressed suggesting that it is involved in the
progression of dysfunctional metabolic signaling.

• Mice lacking MKP-1 are resistant to diet-induced obesity due to increased energy
expenditure. MKP-1 negatively regulates MAPK signaling through a pathway
linked to mitochondrial function in skeletal muscle, which becomes dysregulated
in obesity.

• Pharmacological targeting of MKP-1 may serve as a therapeutic strategy for the
treatment of metabolic diseases.
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Figure 1.
Representation of the family of MAP kinase phosphatases (MKPs)/dual-specificity
phosphatases (DUSPs). (A) The MKPs constitute a family of 10 enzymes that can be grouped
into three categories depending upon either their substrate preference for the MAPKs and sub-
cellular localizaiton. (B) Schematic of MKP-1 depicting the various structural and functional
domains.
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Figure 2.
MKP-1 functions as a signaling node for the MAPKs. The MAPKs are dephosphorylated by
MKP-1, and depending upon which MAPK is targeted, a combination of dephosphorylation
events can occur. In addition, the substrates of the MAPKs can be phosphorylated by more
than one MAPK, the combination of these phosphorylation events can evoke variable
functional effects. The outcome of MKP-1 dephosphorylation of the MAPKs can result in a
number of different functional outcomes from a particular phosphorylated MAPK substrate
indicated hypothetically as “Responses 1–7”,.
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Figure 3.
Essential physiological roles of MKP-1. MKP-1 has been implicated in the regulation of innate
immuninty in macrophages, regulation of metabolic homeostasis in the liver, skeletal muscle
and fat. MKP-1 also has effects on the maintenance of bone mass.
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Figure 4.
MKP-1 regulates MAPK-dependent signaling in metabolism. (A) The transcriptional co-
activator, PGC-1α, is phosphorylated by p38 MAPK which promotes its stability and
subsequent activity. MKP-1 dephosphorylates p38 MAPK resulting in reduced PGC-1α
phosphorylation and function. (B) In obesity, MKP-1 is overexpressed in skeletal muscle
resulting in reduced PGC-1α phosphorylation and activity. The loss of PGC-1α ̣activity impairs
the capacity to maintain oxidative myofibers resulting in an increased susceptiblity of high
energy consuming oxidative myofibers to switch to less energy consuming glycolytic
myofibers.
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