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Abstract
The number of patients suffering from symptoms asso- 
ciated with gastrointestinal (GI) motility disorders is 
on the rise. GI motility disorders are accompanied by  
alteration of gastrointestinal smooth muscle functions. 
Currently available drugs, which can directly affect gas-
trointestinal smooth muscle and restore altered smooth 
muscle contractility to normal, are not satisfactory for 
treating patients with GI motility disorders. We have 
recently shown that ERK1/2 and p38MAPK signaling pa-
thways play an important role in the contractile response 
not only of normal intestinal smooth muscle but also 
of inflamed intestinal smooth muscle. Here we discuss 
the possibility that ERK1/2 and p38MAPK signaling path-
ways represent ideal targets for generation of novel the-
rapeutics for patients with GI motility disorders.
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INTRODUCTION
Several systems, including the central and enteric neural 
nexuses, interstitial cells of  Cajal and smooth muscles 
provide coordinated regulation of  gastrointestinal (GI) 
motility. The GI smooth muscle itself  plays an important 
role; it contributes to general health and wellness when 
functioning normally but is also associated with morbidity 
and mortality when dysfunctional[1-4]. Alterations in GI 
motility with resultant changes in transit can contribute to 
abdominal pain, intestinal cramping, diarrhea, constipation 
and urgency to defecate. In overt inflammatory conditions 
of  the bowel, such as infectious colitis, Crohn’s disease and 
ulcerative colitis (i.e., inflammatory bowel disease, IBD),  
there have been longstanding observations of  altered 
motility and impaired function of  the intestinal smooth 
muscle[5-8]. Even functional GI disorders including non- 
erosive gastro-esophageal reflux disease (NERD), func-
tional dyspepsia and idiopathic motility dysfunction (now 
classified under the panoptic irritable bowel syndrome,) 
seem to be associated with transformations in the contra-
ctile nature of  smooth muscle[9-12]. 

Accumulated evidence suggests that the delicate balan-
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ce between microbes, particularly commensal flora, and  
host defensive responses at the mucosal barrier have a  
pivotal role in the pathogenesis of  chronic intestinal in-
flammation. The motility apparatus of  the GI tract can  
act as an extension of  the mucosal immune system, con-
tributing to the evacuation of  the luminal contents and to  
mucosal defense against noxious stimuli[13]. Motility dys-
function can secondarily induce abnormal growth of  the 
intestinal flora, and the resulting disturbance of  the flora 
can further aggravate mucosal inflammation[14]. This, in  
turn, would exacerbate intestinal dysmotility. Thus, moti-
lity disorders that arise in the context of  inflammation or  
immune activation are clinically important as they can 
lead to systemic disease. Furthermore, defects in smooth 
muscle function are associated with the development of   
toxic megacolon. This condition is characterized by marked  
dilation of  the distal colon and can occur with severe ul-
cerative colitis[15], in Hirschsprung’s disease[16] and with 
infectious colitis[17]. 

In summary, GI motor disorders are reflective of  a va-
riety of  important disease manifestations of  varying etio-
logies. However, a central mechanistic feature of  all these 
conditions is an alteration in the contractile processes that 
occur at the level of  the GI smooth muscle. Therefore, 
it is very reasonable to target the molecular events under-
lying smooth muscle impairment. Although several drugs, 
including antimuscarinic agents, acetylcholine-releasing 
drugs, 5-HT3 antagonists, 5-HT4 agonists and dopamine 
D2 antagonists, are currently used in clinical practice for 
GI motility disorders, antimuscarinic agents are the only 
ones that directly affect smooth muscle. In this regard, 
there is pressure for new pharmacologic agents capable 
of  directly targeting GI smooth muscle for the restoration 
of  normal smooth muscle contractility in the treatment 
of  motility disorders. Recently, we have demonstrated that 
the extracellular signal-regulated kinase 1/2 (ERK1/2) 
and p38 mitogen-activated protein kinase (p38MAPK) 
signaling pathways play important roles in the contractile 
responses of  both normal intestinal smooth muscle and 
inflamed intestinal smooth muscle[18,19]. In this commentary, 
we discuss the possibility that MAPK signaling pathways 
represent ideal targets for generation of  novel therapeutics 
for patients with GI motility disorders.

CONVENTIONAL MECHANISM OF 
SMOOTH MUSCLE CONTRACTION
GI smooth muscle possesses distinct properties that dis- 
tinguish it from other types of  visceral and vascular smooth 
muscle[20]. Smooth muscle of  the proximal stomach and  
sphincters exhibits sustained tone, whereas smooth muscle  
of  the distal stomach, small intestine and colon exhibits 
variable (phasic) tone on which are superimposed rhythmic  
contractions. Cycles (slow-waves) of  membrane depolari-
zation and repolarization originate in pacemaker cells 
(i.e., interstitial cells of  Cajal) and are transmitted to the 
smooth muscle cells (SMCs). The depolarization of  SMCs 
primarily reflects activation of  voltage-gated Ca2+ chan-
nels, resulting in Ca2+ entry from the extracellular space. 

Concurrent stimulation of  rhythmic smooth muscle by 
excitatory neurotransmitters elicits further depolarization 
and Ca2+ entry and activates intracellular signaling cascades 
that result in Ca2+ release from intracellular stores.

Although increased intracellular Ca2+ concentration 
([Ca2+]) is the paramount signal to initiate smooth muscle  
contraction, the contractile properties of  the SMC are  
primarily governed by the phosphorylation of  the regula-
tory light chain (LC20) of  myosin Ⅱ[21,22] (Figure 1), which 
is itself  driven by the balance between protein kinases 
responsible for phosphorylation of  LC20 and protein 
phosphatases responsible for its dephosphorylation. To 
initiate contraction, increases in [Ca2+] activate myosin  
light chain kinase (MLCK), a Ca2+/calmodulin-depen-
dent enzyme[23]. MLCK phosphorylates LC20 on Ser-19, 
resulting in contraction of  smooth muscle through in- 
creases in myosin ATPase activity and cross-bridge cy-
cling. Smooth muscle myosin light chain phosphatase 
(MLCP) is responsible for the dephosphorylation of  
LC20, resulting in relaxation of  smooth muscle[24]. It is 
the balance between MLCK and MLCP activities that 
dictates the contractile activity of  smooth muscle.

Although the Ca2+/calmodulin/MLCK pathway plays 
a crucial role in phosphorylation of  LC20, the contraction 
of  many smooth muscle tissues has frequently been ob-
served in the absence of  increased [Ca2+] in response to a 
variety of  stimuli, a process commonly referred to as Ca2+  
sensitization[22]. Currently, two mechanisms have been 
proposed to contribute to this phenomenon: (1) the direct  
phosphorylation of  LC20 by Ca2+-independent protein 
kinases and (2) inhibition of  MLCP activity by Ca2+-
independent protein kinases. Both integrin-linked kinase  
(ILK)[25] and zipper-interacting protein kinase (ZIPK)[26,27]  
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Figure 1  Conventional mechanisms of smooth muscle contraction. 
Smooth muscle contraction is primarily governed by the phosphorylation of 
the regulatory light chain (LC20) of myosin Ⅱ which is in turn driven by the 
balance between protein kinases responsible for phosphorylation of LC20 and 
protein phosphatases responsible for its dephosphorylation. Ca2+ sensitization 
of contractile force can result from the direct phosphorylation of LC20 by Ca2+-
independent protein kinases and/or inhibition of myosin phosphatase activity 
by Ca2+-independent protein kinases. CPI-17: protein kinase C-potentiated 
inhibitory protein for protein phosphatase 1 of 17 kDa; ILK: integrin-linked 
kinase; LC20: 20 kDa myosin light chain; MLCK: myosin light chain kinase; 
MYPT1: myosin targeting subunit 1 of myosin light chain phosphatase; M20: a 
20 kDa non-catalytic subunit of myosin light chain phosphatase; PKC: protein 
kinase C; PP-1: catalytic subunit of protein phosphatase type-1; ROK: Rho-
activated protein kinase; ZIPK: zipper-interacting protein kinase.
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can phosphorylate LC20 independently of  Ca2+/calmodu-
lin. MLCP functions independently of  Ca2+/calmodulin 
and is regulated by G protein-coupled signaling pathways. 
Inhibition of  MLCP results in greater LC20 phosphory-
lation and greater force development at given [Ca2+][22]. 
MLCP activity is regulated directly by phosphorylation of   
the myosin targeting subunit of  MLCP (MYPT1)[24] and/
or indirectly via phosphorylation of  a protein kinase C 
(PKC)-potentiated phosphatase inhibitor protein of  17 
kDa (CPI-17)[28]. It has been shown that phosphorylation 
of  MYPT1 at Thr-696 (numbering for human sequence) 
by Rho-associated kinase (ROK)[29], ILK[30] and ZIPK[31]  
is associated with inhibition of  MLCP activity. In contrast, 
ROK alone is thought to phosphorylate MYPT1 at 
Thr-853[32], also inhibiting MLCP activity. Alternatively, 
when CPI-17 is phosphorylated at the regulatory Thr-38 
site, it becomes a potent inhibitor of  MLCP. Although 
PKC was the original regulator upstream of  CPI-17[28], 
other protein kinases including ILK[33], ZIPK[34] and 
ROK[35] have also been demonstrated to phosphorylate 
CPI-17 at Thr-38. 

During intestinal inflammation, it is thought that the 
smooth muscle undergoes a phenotypic change whereby 
normal rhythmic contractions are supplanted by sustained 
Ca2+-independent contractions that persist long after the 
mucosal response to injury has subsided. It will, therefore, 
be important to address how different protein kinase 
networks contribute to Ca2+ sensitization of  intestinal 
smooth muscle contraction. Thus, the study of  underlying 
mechanisms for the regulation of  GI smooth muscle 
contractility will be important for our understanding of  
the basis for the loss of  functional intestinal efficiency that  
characterizes the inflammatory bowel diseases and other 
intestinal motility disorders.

CONTRIBUTION OF ERK1/2 AND
P38MAPK SIGNALING PATHWAYS TO
CONTRACTILE RESPONSE IN NORMAL
INTESTINAL SMOOTH MUSCLE
In addition to the protein kinases described above, accumu-
lated evidence has shown that ERK1/2 and p38MAPK 
can also contribute to smooth muscle contraction[18,36-41]. 
We have recently examined the relative contributions of  
ROK, ERK1/2, p38MAPK and PKC to carbachol (CCh)-
induced contraction of  intestinal smooth muscle. Briefly, 
the ERK1/2 inhibitor, PD98059, and the p38MAPK 
inhibitor, SB203580, inhibited CCh-induced contractions 
of  both rat ileal (longitudinal) and colonic (circular) 
smooth muscles, by 45% and 30% respectively (data not 
published). Furthermore, GF109203x, a broad PKC inhi-
bitor, had an inhibitory effect (30% inhibition) on CCh-
induced contraction in rat colonic smooth muscle, the 
extent of  which was as similar to those observed with 
PD98059 or SB203580. Interestingly, however, ROK inhi-
bitors Y27632 and H1152 had no effect.

The Ca2+ sensitization process has been examined pre- 
viously in studies of  rat ileal (longitudinal) smooth mu-

scle[18]. When microcystin, a type 1 and type 2A protein 
phosphatase inhibitor, is applied to permeabilized smooth 
muscle clamped at pCa 9 (i.e., 1 nmol/L), a sustained con-
traction is observed that cannot be attributed to MLCK. 
This Ca2+-independent contraction is thought to result 
from unmasking of  endogenous Ca2+-independent protein 
kinase activities and induction of  the Ca2+ sensitization 
phenomenon. Pretreatment with either PD98059 or SB- 
203580 inhibited the microcystin-induced contraction of  
β-escin permeabilized rat ileal smooth muscle strips[18], in- 
dicating that both ERK1/2 and p38MAPK were involved.  
Interestingly, these findings were not observed in rat cau-
dal artery. The microcystininduced contraction at pCa 9 
of  β-escin permeabilized rat ileal or caudal smooth muscle 
strips was not affected by pretreatment with Y27632[18,42]. 
These results indicate that the ERK1/2 and p38MAPK 
signaling pathways work more extensively than ROK in 
regulation of  smooth muscle contractility, although the 
effects vary between ileum and colon, and with different 
agonists[18].

CONTRIBUTION OF ERK1/2 AND
P38MAPK TO CONTRACTILE RESPONSES
IN INFLAMED INTESTINAL SMOOTH
MUSCLE
The molecular events underlying the phenotypic responses 
of  the intestine to pathological inflammation are reflected 
in diverse tissue types, including smooth muscle. We have  
identified that Ca2+-independent signaling pathways can 
influence contractile properties of  intestinal smooth mu-
scle under inflammatory conditions. Both ERK1/2 and  
p38MAPK protein kinase pathways are contributors to in- 
testinal hypercontractility under Th2-mediated inflam-
matory events[19]. Although a hypercontractile response to 
CCh was observed in Th2 cytokines-related colitis[43,44], it 
still remains to be determined what types of  downstream 
signaling pathways are involved in generating this response.  
In our experiments, colitis was induced in BALB/c mice by  
providing 5% dextran sulfate sodium (DSS) in drinking 
water for 7 d. Contractile responses of  colonic circular 
smooth muscle strips to 118 mmol/L K+ and carbachol 
(CCh) were assessed[19]. DSS-induced Th2 colitis in BALB/ 
c mice was indicated by increased IL-4 and IL-6, with no 
changes in Th1 cytokines. Animals exposed to DSS had 
increased CCh-induced contraction (3.5-fold) and CCh-
induced Ca2+-sensitization (2.2-fold) responses in in- 
tact and a-toxin permeabilized colonic smooth muscle,  
respectively. The contributions of  ERK1/2 and p38MA- 
PK to CCh-induced contractions were significantly in-
creased during Th2 cytokines-related colitis. Alternatively 
Ca2+-independent contraction induced by microcystin was  
potentiated (1.5-fold) in mice with Th2 cytokines-related 
colitis. Both ERK1/2 and p38MAPK were found to 
contribute to this potentiation. Since treatment with 
Y27632 did not affect either CCh-induced contraction 
or microcystin-induced, Ca2+-independent contraction in  
DSS-treated mice, the contribution of  ROK to hypercon-
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tractility in inflamed colonic circular smooth muscle was 
determined to be negligible. We also have shown that the 
ERK1/2- and p38MAPK-associated hypercontractility 
is accompanied by significant increases in ERK1/2 and 
p38MAPK expression in the muscularis propria of  colonic  
tissue from DSS-treated mice. Furthermore, we have 
examined the expression of  ERK1/2 and p38MAPK in 
human colonic smooth muscle from patients with IBD[19]  
and found that their expression is also altered. Immuno-
histochemical analysis of  total-ERK1/2 and total-p38- 
MAPK was carried out on human colonic sections from 
non-IBD (normal) and IBD (Crohn’s disease or ulcerative 
colitis) patients. Interestingly, the positive staining of  
total-ERK1/2 and p38MAPK in the muscularis propria 
was increased in sections from patients with ulcerative 
colitis, compared to Crohn’s disease patients and non-IBD 
controls. These results are convincing since ulcerative 
colitis is thought to exhibit a Th2-like cytokine profile[45]. 
Taken together, these results indicate that murine Th2 
colitis resulted in colonic smooth muscle hypercontractility 
with increased Ca2+-sensitization. Both ERK1/2 and p38- 
MAPK pathways contributed to this contractile dysfunc-
tion, and expression of  these kinases was altered in pa-
tients with ulcerative colitis. 

POSSIBLE MECHANISMS BY WHICH
ERK1/2 AND P38MAPK CONTRIBUTE TO
SMOOTH MUSCLE CONTRACTION
As described above, both the ERK1/2 and the p38MAPK  
pathways play important roles in contractile response, 
not only of  normal intestinal smooth muscle but also of  

inflamed intestinal smooth muscle. Although it has yet to 
be determined precisely how ERK1/2 and p38MAPK  
signaling pathways contribute to smooth muscle contra-
ction, the following mechanisms, as outlined in Figure 2, 
can be considered. In one scenario, ERK1/2 and p38MA- 
PK activation can increase the Mg2+-ATPase activity of  
myosin Ⅱ. ERK1/2 has been shown to phosphorylate 
caldesmon, a thin-filament associated protein that prevents 
the binding of  myosin to actin[46]. The phosphorylation of  
caldesmon by ERK1/2 weakens the affinity of  caldesmon 
toward actin[47], thereby promoting cross-bridge cycling 
and force development. Alternatively, p38MAPK has been  
shown to phosphorylate and activate MAPK-activated pro- 
tein kinase 2 (MAPKAPK-2)[48], which can in turn phos-
phorylate heat shock protein (HSP) 27[49].Phosphorylated  
HSP27 is able to reverse the inhibitory effects of  caldes-
mon on the Mg2+-ATPase activity of  myosin Ⅱ[46,50]. Ano- 
ther possible mechanism by which ERK1/2 and p38MA-
PK contribute to smooth muscle contraction is through 
regulation of  MLCP activity, although this pathway has yet 
to be fully established. We have recently shown that both 
ERK1/2 and p38MAPK are involved in microcystin-in-
duced contraction at pCa 9 in β-escin permeabilized rat  
ileal smooth muscle strips. Interestingly, increase in micro-
cystin concentration from 1 μmol/L up to 10 μmol/L abo- 
lished the inhibitory effects of  these ERK1/2 and p38MA-
PK pathways, suggesting that ERK1/2 and p38MAPK 
contribute to smooth muscle contraction via inhibition of   
MLCP activity[18]. We are currently further examining whe-
ther ERK1/2 and p38MAPK pathways are involved in 
MLCP regulation in intact intestinal smooth muscle and 
determining the underlying mechanisms.

MAPK INHIBITORS FOR ERK1/2 AND
P38MAPK PATHWAYS AS POTENTIAL
THERAPEUTIC TARGETS FOR DISEASES
ERK1/2 and p38MAPK are subfamilies of  the MAPKs. 
In addition to ERK1/2 and p38MAPK, there are two 
other MAPKs; c-Jun NH2-terminal kinase (JNK1, 2 and 3) 
and ERK5[51]. ERK1/2 and p38MAPK are activated by a 
diverse range of  stimuli including cytokines, growth factors 
and matrix proteins that bind to various receptor tyrosine 
kinases, G-protein coupled receptors, cytokine receptors, 
and integrins. Signals generated from these cell surface 
receptors initiate a cascade of  signaling events that lead 
to downstream activation of  the MAPKs. ERK1/2 and 
p38MAPK are activated by phosphorylation of  specific 
Thr and Tyr residues by MAP-kinase kinases (MKK)[51]. 
MKK1 and MKK2 phosphorylate and activate ERK1 and  
ERK2, respectively[52], while MKK3 and MKK6 phos-
phorylate and activate p38MAPK[53]. It has been shown 
that the ERK1/2 signaling pathway is involved in cell 
differentiation and proliferation, programmed cell death, 
cell survival, cell motility and angiogenesis[54]. Alternatively, 
the p38MAPK signaling pathway plays an especially impor- 
tant role in the production of  cytokines such as IL-1, tu-
mor necrosis factor-α (TNF-α), and IL-6[55]. Therefore, 
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Figure 2  Proposed mechanisms by which ERK1/2 and p38MAPK signaling 
pathways contribute to smooth muscle contraction. MAPK pathways play 
important roles in modulating the contractile responses of normal and inflamed in-
testinal smooth muscles. MAPKs can alter the contractile activity of smooth mus-
cle by (1) increasing the Mg2+-ATPase activity of myosin Ⅱ, (2) phosphorylating 
caldesmon, a thin-filament associated protein, and promoting actin-myosin cross-
bridges (3) phosphorylating HSP27 to reverse the inhibitory effects of caldesmon, 
or (4) directly regulating of myosin phosphatase activity. CPI-17: protein kinase 
C-potentiated inhibitory protein for protein phosphatase 1 of 17 kDa; ERK1/2: 
extracellular signal-regulated kinase 1/2; HSP27: phosphorylate heat shock pro-
tein; MAPKAPK-2: MAPK-activated protein kinase 2; LC20: 20 kDa myosin light 
chain; MLCK: myosin light chain kinase; MLCP: myosin light chain phosphatase; 
p38MAPK: p38 mitogen-activated protein kinase; PKC: protein kinase C; ROK: 
Rho-activated protein kinase; ZIPK: zipper-interacting protein kinase.



the ERK1/2 signaling pathway contributes to various cell 
cycle-related diseases, including cardiovascular disease[56], 
cerebral vasospasm[57] and malignancies[58], whereas the 
p38MAPK signaling pathway is associated with inflamma-
tory diseases including arthritis, psoriasis, IBD and asth- 
ma[55]. While PD98059 and SB203580 are classic inhibitors 
used in many in vitro studies of  ERK1/2 and p38MAPK,  
respectively, several novel kinase inhibitors for ERK1/2 
or p38MAPK have already seen use in clinical trials[59]. For 
example, the benzimidazole derivative, AZD6244, potent  
second generation inhibitor of  MEK1/2, was recently 
studied in a phase I study to assess its safety, pharmaco-
kinetics and pharmacodynamics in 57 patients with advan- 
ced cancer[60]. The 50 % maximal tolerated dose (100 mg  
BID) was well tolerated with skin rash being the most fre-
quent and dose-limiting side effect. Most other adverse 
effects were of  grade 1 or 2. A strong reduction in ERK1/ 
2 phosphorylation was seen in tumor biopsies and nine  
patients showed disease stabilization lasting for at least 
5 mo. Blocking of  the ERK1/2 signaling pathway with 
MEK1/2 inhibitors (AZD6244, GDC0973, RDEA119, 
GSK1120212, etc.) has also evaluated in clinical trials for 
treatment of  various malignancies, such as melanoma, 
breast cancer, colonic cancer, non-small cell lung cancer 
and a number of  leukemias[59]. On the other hand, p38-
MAPK inhibition has been suggested to be potentially 
beneficial as a therapeutic strategy in inflammatory disease 
processes, and several different p38MAPK inhibitors have 
been tested in animal models of  rheumatoid arthritis[61].  In 
each of  these studies, p38MAPK inhibition was shown to  
reduce disease severity and maintain joint integrity with a 
reduction in the loss of  cartilage and bone. Several p38- 
MAPK inhibitors have advanced into clinical trials on trea-

tment of  rheumatoid arthritis in human subjects, although 
only a few have made it as far as phase Ⅱ. Unfortunately 
these compounds have poor safety profiles, including ad-
verse effects in the central nervous system and liver[62] and, 
as a result,  clinical research must move forward cautiously. 
Clinical trials on MEK1/2 inhibitors and p38MAPK inhi-
bitors are summarized in Table 1.

ERK1/2 AND P38MAPK PATHWAYS 
ARE NEW POTENTIAL THERAPEUTIC 
TARGETS FOR PATIENTS WITH GI 
MOTILITY DISORDERS
As the ERK1/2 and p38MAPK signaling pathways are 
already being exploited for therapeutics development in 
a broad range of  diseases (discussed above), they may 
also be possible new therapeutic targets for GI motility 
disorders that accompany gastrointestinal smooth muscle 
dysfunction. Patients suffering from symptoms associated 
with altered gastrointestinal motility experience decreased 
quality of  life. Although several medications including anti-
muscarinic agents, acetylcholine-releasing drugs, 5-HT3  
antagonists, 5-HT4 agonists and dopamine D2 antagonists 
are currently available in clinical practice for GI motility 
disorders, there are still cases where their therapeutic ef-
ficacy is not satisfactory. The ERK1/2 and p38MAPK 
signaling pathways play an important role in the contractile 
response not only of  normal intestinal smooth muscle but 
also of  inflamed intestinal smooth muscle. These pathways 
represent ideal targets for generation of  novel therapeutics 
for patients with GI motility disorders. Since several kinase  
inhibitors for ERK1/2 or p38MAPK are already available 
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Information was obtained from ClinicalTrials.gov (http://clinicaltrials.gov/ct2/home)

  Table 1  MEK1/2 or p38MAPK inhibitors in ongoing clinical trials

Inhibitor Sponsor Phase Study title Status

MEK1/2 inhibiors
AZD6244 AstraZeneca Phase Ⅱ Randomised study to compare the efficacy of AZD6244 vs TMZ In progress

National Cancer Centre, Singapore Phase Ⅰ/Ⅱ AZD6244 and sorafenib in advanced hepatocellular carcinoma In progress
University of Oxford Phase Ⅱ Docetaxel with or Without AZD6244 in melanoma (DOC-MEK) In progress
Massachusetts General Hospital Phase Ⅱ AZD6244 in cancers with BRAF mutations In progress

              Other than listed above, almost 20 clinical trials are in progress.

GDC0973 Genentech Phase Ⅰ A study of relative bioavailability and food effect study of 
GDC-0973 in healthy subjects

Completed

Genentech Phase Ⅰ Study of GDC-0973/XL518 in patients with solid tumors In progress

RDEA119 Ardea Biosciences, Inc Phase Ⅰ/Ⅱ RDEA119 and sorafenib combination dose escalation study In progress

GSK1120212 GlaxoSmithKline Phase Ⅰ Investigate safty, pharmacokinetics and pharmacodynamics of 
GSK2118436 & GSK1120212

In progress

GlaxoSmithKline Phase Ⅰ A study of the GSK MEK inhibitor GSK1120212 and everolimus 
in cancer subjects

In progress

 Other than listed above, 10 clinical trials are in progress.

p38MAPK inhibitors
VX-702 Vertex Pharmaceuticals Incorporated Phase Ⅱ A study in rheumatoid arthritis with an investigational oral 

p38MAP kinase inhibitor VX-702
Completed

Vertex Pharmaceuticals Incorporated Phase Ⅱ Phase 2 clinical study in RA with an investigational oral p38 
MAP kinase inhibitor VX-702

Completed



and used in clinical trials as described above, blockade of   
the ERK1/2 or p38MAPK signaling pathway with sele- 
ctive kinase inhibitors may be a good approach for develop- 
ing new therapeutics for GI motility disorders.However,  
the potential toxicity of  systemic ERK1/2 or p38MAPK  
inhibition, which may affect a multitude of  growth factor  
signaling pathways that regulate cell proliferation and tissue  
homeostasis, will need to be addressed before new thera-
peutics can be developed. MEK1/2 inhibitors can be used  
in clinical trials only in several advanced, life-threatening 
cancers where there are no better therapeutic options. In  
these cases, the benefits of  using MEK inhibitors for 
treatment could outweigh their side effects and toxicity. 
On risk-benefit considerations[59], currently available 
MEK1/2 inhibitors are not sufficiently beneficial and safe 
to be used in clinical trials in humans with GI motility 
disorders. Therefore, we eagerly await the next generations 
of  ERK1/2 and p38MAPK signaling pathway inhibitors. 
These compounds, which may avoid systemic adverse 
effects because of  greater specificity with reduced toxicity 
or smooth muscle tissue-selective delivery, could become 
a new therapeutic option for patients with GI motility 
disorders.
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