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ABSTRACT

Tidal breathing, and especially deep breathing, is known to antagonize bronchoconstriction
caused by airway smooth muscle (ASM) contraction; however, this bronchoprotective effect of
breathing is impaired in asthma. In vitro, force fluctuations applied to contracted ASM cause it to
relengthen — force fluctuation-induced relengthening (FFIR). Given that breathing generates
similar force fluctuations in ASM, FFIR represents a likely mechanism by which breathing
antagonizes bronchoconstriction. Thus, it is of considerable interest to understand what

modulates FFIR and how ASM might be manipulated to exploit this phenomenon.

We demonstrated previously that p38 MAPK signaling regulates FFIR in ASM strips. Here we
hypothesize that the MAPK kinase (MEK) signaling pathway also modulates FFIR. To test this

hypothesis, we measured changes in FFIR in ASM treated with the MEK inhibitor, U0126.

Increasing concentrations of U0126 caused greater FFIR. U0126 reduced ERK1/2
phosphorylation without affecting isotonic shortening or MLC, and p38 MAPK
phosphorylation. However, increasing concentrations of U0126 progressively blunted
phosphorylation of h-caldesmon, a downstream target of MEK. Thus, changes in FFIR exhibited

significant negative correlation with h-caldesmon phosphorylation.

Our data demonstrate FFIR is regulated through MEK signaling and suggest the role of MEK is

mediated in part through caldesmon.
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INTRODUCTION

Bronchoconstriction and airflow obstruction during an asthma attack is in part a result of
excessive contraction of airway smooth muscle (ASM). The extent of airway narrowing during
bronchial provocation is not predicted solely, or even principally, by the ability of ASM to
generate isometric force (1-10). In animals and normal human individuals subjected to bronchial
provocation, airway constriction is dramatically attenuated by tidal breathing (9, 11-13) and deep
inspirations, which are among the most potent of all known bronchodilatory interventions (10,
14). These results probably arise because during breathing, force fluctuations transmitted from
lung parenchyma act directly on contracted ASM to influence its ability to maintain a shortened
state; as a result, airway caliber becomes equilibrated dynamically (3, 4, 8) at a length longer

than that in static state.

In isolated bovine ASM that is contracted isotonically, initiation of force fluctuations causes
appreciable muscle relengthening (4, 15). We have demonstrated that such force fluctuation-
induced relengthening (FFIR) is physiologically regulated (15, 16). For example,
pharmacological inhibition of p38 mitogen-activated protein kinase (MAPK) activity, a signaling
kinase known to modulate smooth muscle contraction (17), also potentiates FFIR in bovine
tracheal smooth muscle (TSM) strips (15). Because mitogen-activated protein kinase kinase
(MEK) has also been implicated in regulating smooth muscle contraction (18-20), we

hypothesized that MEK signaling might also affect FFIR.

Acetylcholine (ACh) activation of G-protein-coupled muscarinic receptors (21) results in the

initiation of several signaling cascades. Activation of myosin light chain (MLC) kinase and



MEK promote MLC,, phosphorylation via elevated intracellular calcium and ras signaling,
respectively. Also the ras/Raf/MEK signaling cascade activates (phosphorylates) extracellular
signal-regulated kinases (ERK) 1/2 and its downstream regulators of contraction such as

integrin-linked kinase (22, 23) and caldesmon (24-27).

In the present study, we test the hypothesis that the MEK signaling pathway regulates FFIR in
TSM using an inhibitor of MEK, U0126. We found that during MEK inhibition, changes in FFIR
correlated inversely with caldesmon phosphorylation. In contrast, MEK inhibition neither
reduced MLCy, p38 MAPK, and heat shock protein (HSP)27 phosphorylation, nor did it reduce
isotonic shortening. These results demonstrate that MEK is a key regulator of FFIR, and

suggests that its effect, at least in part, is mediated through caldesmon phosphorylation.

METHODS

Tissue preparation. In accordance with IACUC approved protocols, dogs were anesthetized and
euthanized by an overdose with pentobarbital sodium (30 mg/kg iv). Tracheas were removed and
rinsed in Krebs-Henseleit (K-H) solution containing 115 mM NaCl, 25 mM NaCOs, 1.38 mM
KH;POy4, 2.51 mM KCI, 2.46 mM MgCl,, 2.5 mM CacCl,, and 11.2 mM dextrose. K-H was
gassed with 95% 0,/5% CO, to maintain a pH between 7.3 and 7.5 and all studies were
conducted at 37°C in K-H solution. Some tissues were stored for up to 4 days at 4°C prior to

study, without apparent effect on results.

As described previously (16), parallel fibered bundles of TSM measuring 0.25-0.5 mm in width

and 0.5-1.0 mm in depth were dissected free of overlying connective tissue and epithelium. Each



muscle strip was attached at either end in aluminum foil clips (Laser Services Inc., Westford,
MA) that held the muscle firmly. One clip was slipped over a rigidly held hook at one end of a
horizontal dip-tray style of organ bath. The other clip was fastened to a hook connected to a
300B lever arm/force transducer (Aurora Scientific, Aurora, Canada) that measured both force
output and length changes, which were monitored using ADInstruments Powerlab Chart

software.

Tissue equilibration. Over approximately 90 minutes, tissues were contracted periodically (~10 -
15 min intervals) using 43 mM KCl-substituted K-H solution to establish reference length (Lref).
Lref measured between 3.5 and 8.0 mm. Resting length was adjusted between responses until
developed force was maximal and repeatable. As previously shown, this concentration of KCl is
optimal for canine TSM voltage-dependent contraction and does not cause release of ACh from

neural elements in the tissue preparation (28).

Isometric protocols. After equilibration, TSM strips were exposed for at least 45 minutes to
U0126 (15 or 30 uM) or vehicle, then cumulative ACh concentration-response studies were
performed (10 M to 10 M). All isometric data in response to ACh were normalized to the

contraction elicited during the last exposure of each muscle to 43 mM KCl-substituted K-H.

FFIR protocols. After equilibration, tissues were isometrically contracted by switching
perfusion solution to K-H solution containing 10* M ACh and maximal response was noted
(Fmax). Muscles were allowed to relax by reperfusing with K-H alone. Lref and Fmax were
then used as base parameters for force oscillation protocols described below (Figure 1A). Twenty

minutes after force reached relaxed baseline, tissues were re-exposed to 10* M ACh, and



allowed to shorten isotonically against an afterload of 32% Fmax for 20 min. During continued
ACh exposure, sinusoidal force oscillations (to simulate tidal breathing) were then superimposed
(0.2 Hz and amplitude = 16% Fmax) for 20 min (4, 15, 16, 29). FFIR was noted at the end of 20
min and ACh was washed out. Muscles were oscillated using Aurora Scientific Dynamic
Muscle Control (DMC) software. Muscle force and length outputs were acquired through a
National Instruments PCI-6036E data acquisition board (Austin, TX); data were monitored and
collected using both LabView-based DMC and ADInstruments PowerLab Chart software
(Colorado Springs, CO). Next, tissues were incubated for 1 hr in K-H solution containing 3, 15,
or 30 uM UO0126 (Promega, Madison, WI), or 0.03% DMSO (vehicle control). Prior studies had
shown that this concentration of DMSO did not affect subsequent length changes for the
isotonic/force oscillation protocol (16). These concentrations of MEK inhibitor were chosen
based on literature values and our own studies on a separate cohort of TSM strips that showed
them to have just minimal effects on isometric force (see Isometric protocols above). Also, these
concentrations did not affect isotonic shortening to ACh, MLC,, phosphorylation, or activation
state of p38 MAPK in the present study (see Results). After this equilibration period, the isotonic
contraction protocol was repeated in the continued presence of inhibitor or vehicle (Figure 1).
Muscle length changes during contractions before and after inhibitor treatment were expressed as
%Lref. Near the end of the second contraction sequence, but before force fluctuations stopped,
most tissues were flash-frozen in liquid nitrogen. Strips were then transferred to dry ice-chilled
acetone (containing 5% trichloroacetic acid and 10 mM dithiothreitol), and stored at -80°C for

protein extraction and Western blot analysis.



Jasplakinolide and U0126 combined studies. Previously, we showed that contractile actin
polymerization plays a key role in regulating FFIR (16). This protocol was designed to test the
hypothesis that MEK inhibition enhances FFIR by reducing actin filament stability. Tissues were
equilibrated, Fmax determined, and the initial isotonic/force oscillation protocol was performed
(as above). TSM strips were allowed to relax and then incubated for 1 hr in jasplakinolide (500
nM; EMD Biosciences, San Diego, CA), an agent that stabilizes actin filaments and promotes
polymerization. While still in the presence of jasplakinolide, the contraction sequence was
repeated. After completion of this second contraction sequence, tissues were allowed to relax to
baseline in K-H containing 500 nM jasplakinolide. Once baseline relaxed tone was achieved,
tissues were further incubated in 30 uM U0126 (in addition to 500 nM jasplakinolide) for 1 hr.
A third combined contraction sequence was then performed in the presence of both U0126 and
jasplakinolide. These tissues were designated CJU (control-jasplakinolide-jasplakinolide plus
U0126) to depict the 3 isotonic/oscillation contraction sequences. Three control groups were also
tested; CCC (control-vehicle-vehicle), CJJ (control-jasplakinolide-jasplakinolide), and CCU
(control-vehicle-vehicle plus U0126). At the end of the third contraction sequence, but before
force fluctuations had stopped, tissues were flash-frozen in liquid nitrogen and transferred to dry

ice-chilled acetone (as above).

Western analysis of target protein phosphorylation. Proteins from U0126-, jasplakinolide-, and
vehicle-treated muscles that had been frozen near the end of their respective contraction
sequence were extracted as described previously (16, 30). All lanes in all gels were loaded with
equal concentrations of total protein extracts. Denatured proteins were separated by SDS-

polyacrylamide gel electrophoresis (Invitrogen, Carlsbad, CA) transferred to Immobilon-P



PVDF membranes, and probed for phosphorylated and total ERK1/2, h-caldesmon, MLC5, p38
MAPK, and HSP27. Phosphorylated and total proteins were detected on separate PVDF
membranes using SuperSignal West Pico (Thermo, Rockford, IL) chemiluminescent substrate,
and blot intensities (volumes) were calculated using a BioRad densitometer (Hercules, CA) and
software. Ratios of phosphorylated to total protein were expressed relative to data derived for

vehicle-treated tissues on the same western blot.

All primary antibodies were raised in rabbits, and were from the following sources:
phosphorylated (Ser™®”) and non-phosphorylated h-caldesmon, Dr. Len Adam; HSP27 and
phosphorylated MLC,o, Dr. W.T. Gerthoffer; phosphorylated HSP27 (Assay Designs, Ann
Arbor, MI ); MLC, (Santa Cruz Biotechnology, Santa Cruz, CA); ERK1/2, Dr. Guy Drapeau;
and phosphorylated and non-phosphorylated p38 MAPK and phosphorylated ERK1/2 (Cell

Signaling, Danvers, MA ).

Data Analysis. All data are expressed as mean £ SEM. All muscle lengths attained during
agonist-elicited isotonic shortening and FFIR were expressed as %Lref. Differences between first
and second isotonic/force oscillation sequence (i.e., before and after inhibitor or vehicle), or
second and third contraction sequences for the jasplakinolide study, were expressed as AFFIR.
Results from different groups were compared using ANOVA or Student’s t-test for paired or
unpaired data when appropriate. When ANOVA revealed a difference among means, data were
further analyzed using Student-Newman-Keuls test for multiple comparisons. Significant

differences were defined when p < 0.05.



RESULTS

MEK inhibition increases FFIR in a concentration-related fashion in ACh-contracted canine
TSM. For each isotonic/oscillation contraction sequence, we calculated FFIR as the change in
contracted muscle strip length that occurred during the 20 min period of oscillation (Figure 1);
AFFIR was calculated from these values for each muscle strip. The effects on AFFIR of three
concentrations of U0126, 3 uM, 15 uM, and 30 uM were compared to that of vehicle alone
(Figure 2). U0126 increased AFFIR of ACh-contracted TSM strips in a concentration-dependent
manner (p <0.001). As in our previous studies (16), vehicle-treated tissues demonstrated
reproducible FFIR post- vs. pre-treatment (i.e., AFFIR ~ zero). These data support the

hypothesis that MEK regulates AFFIR in canine TSM.

MEK inhibition has no significant effect on isometric force generation or isotonic shortening in
ACh-contracted canine TSM. The effects of 15 uM and 30 uM U0126 on isometric contraction
of canine TSM were assessed. No significant shift in the concentration-response relationship to
ACh was observed for either concentration of U0126, though strips treated with the higher
concentration tended toward (p = 0.269) reduced force at 10* M ACh (Figure 3A). Isotonic
shortening post-treatment was not different among tissues treated with 30 uM U0126 or vehicle
(Figure 3B); as such, this parameter could not account for differences observed in AFFIR among

groups.

MEK inhibition reduces caldesmon phosphorylation in ACh-contracted canine TSM. Increasing
concentrations of U0126 progressively reduced h-caldesmon phosphorylation (p=0.002) (Figure

4A). As such, AFFIR (which progressively increased with increasing U0126 concentration,



Figure 2) varied inversely with the level of h-caldesmon phosphorylation (Figure 4B). As
expected, U0126 treatment substantially reduced ERK1/2 phosphorylation at all concentrations
studied (data not shown; p <0.001). However, MEK inhibition had no significant effect on

phosphorylation of MLC,, p38 MAPK, or HSP27 (data not shown; p > 0.25 for each ANOVA).

MEK inhibition increases FFIR by a mechanism that does not involve loss of actin filament
integrity. As we found previously (16), jasplakinolide alone (CJJ, n=3) had no effect on FFIR
compared to control (CCC, n=4). Consistent with results from the 2-contraction protocol (Figure
1B), 30 uM U0126 significantly increased AFFIR in CCU (n=4) tissue strips (p = 0.004;
ANOVA). CJU (n=3) strips were exposed to jasplakinolide during the second contraction
sequence then jasplakinolide plus U0126 during the third. In these CJU strips, AFFIR remained
equivalent to that observed in CCU tissues (p = NS). Jasplakinolide did not significantly alter the

influence of U0126 on phosphorylation of either ERK1/2 or h-caldesmon (data not shown).

DISCUSSION

There is a growing body of evidence demonstrating that tidal breathing functionally opposes
airway constriction induced by methacholine (7, 10, 13), and it seems very likely that FFIR of
contracted airway smooth muscle may account for this anti-bronchoconstrictor effect. Therefore,
it is of considerable interest to know what mechanisms determine FFIR and how smooth muscle
might be manipulated to accentuate this salutary phenomenon. Previous studies clearly
demonstrated that force fluctuations applied to isotonically contracted ASM result in
considerable relengthening despite continued contractile stimulation (1, 4, 15, 16). Our present

study extends those findings by demonstrating that: 1) FFIR can be augmented by inhibiting



MEK signaling pathway (Figures 1 and 2). 2) The effect of MEK inhibition on FFIR cannot be
accounted for by changes in isometric force generation, isotonic shortening (Figure 3), reduced
MLC, phosphorylation, altered p38 MAPK activation, or actin filament dynamics, and so must
depend on some other mechanism. 3) In contrast, the potentiation of FFIR caused by MEK
inhibition varies inversely with concomitant inhibition of h-caldesmon phosphorylation (Figure
4B), suggesting that MEK regulates FFIR, at least in part, through its downstream target, h-

caldesmon.

Muscarinic receptor activation involves a complex signaling cascade including activation of
MEK and its downstream effectors (Figure 5). Several studies in a variety of species have
demonstrated attenuation of contraction in smooth muscles by inhibition of the MEK signaling
pathway (19, 31-34). Notably, D’Angelo and Adam (35) demonstrated in porcine carotid artery
that inhibition of ERK activation using PD098059 caused attenuation of isometric force, with
reductions in both MLC,y and h-caldesmon phosphorylation observed when tissues were
activated by endothelin-1. Furthermore, Earley et al. showed that knocking down caldesmon
expression reduced KCl-stimulated vascular smooth muscle contraction by 62% (36). Herein,
we sought to assess the effects of MEK inhibition on FFIR in canine tracheal smooth muscle
without reducing isometric force generation or isotonic shortening. Both 15 uM and 30 uM
UO0126 clearly had no effect on isotonic shortening (Figure 3B), and while the higher
concentration of U0126 tended to reduce isometric force generation slightly, this agent had
absolutely no effect on force generation when used at 15 uM (Figure 3A). Nonetheless,
substantial and concentration-related augmentation of FFIR was observed. As the primary

mechanistic intervention in these studies (i.e., U0126 treatment) directly modified MEK



activation, these significant changes indicate that MEK signaling negatively regulates FFIR
through a mechanism that does not require alteration of more conventional measures of

contraction, i.e., isometric force generation or isotonic shortening.

We evaluated several potential mechanisms by which MEK signaling might have exerted its
regulatory influence on FFIR. Caldesmon is an actin-associated protein that appears to regulate
force in vascular smooth muscle (35). Work from Adam’s laboratory has shown that
phosphorylation of h-caldesmon parallels isometric force production, and that ERK1/2 are
“physiologically relevant” caldesmon kinases (35). When caldesmon becomes phosphorylated on
Ser’® by active ERK1/2, actomyosin interaction is disinhibited (24-27). In our study, U0126
significantly reduced ERK1/2 phosphorylation and, to a lesser extent, caldesmon
phosphorylation, and we found an inverse relationship between AFFIR and level of caldesmon
phosphorylation at Ser’® (Figure 4B). Thus, our results suggest a potential role for h-caldesmon
phosphorylation — at least on Ser’®” — in regulating the magnitude of FFIR. Despite inhibition of
ERK 1/2 activation by U0126 treatment, partial caldesmon phosphorylation still occurred.
Consistent with these findings, others have shown that inhibition of MEK signaling reduces but
does not abolish caldesmon phosphorylation (37, 38). In addition, U0126 at the higher
concentrations showed a disproportionate increase in FFIR in relation to the more modest
decrease in caldesmon phosphorylation. This suggests that MEK inhibition acts through more
than one mechanism to influence FFIR and perhaps additional inhibition of other purported
caldesmon kinases, such as p34°*(39), p21 activated kinase (40, 41), casein kinase 2 (42), or

CaM kinase II (43), might enhance FFIR even more dramatically.



We also explored several other potential mechanisms by which MEK inhibition might contribute
to augmenting FFIR. MEK signaling can catalyze the downstream phosphorylation of
tropomyosin (44), an actin side-binding protein that stabilizes actin filaments. Phosphorylated
tropomyosin binds with increased affinity to actin filaments. Therefore, we hypothesized that
MEK signaling might lead to stabilized actin filaments. Since we previously showed that
stabilization of actin filaments with jasplakinolide blocks latrunculin B-induced increases in
FFIR (16), we tested this hypothesis by determining whether jasplakinolide could also block
MEK inhibition-induced increases in FFIR. As reported in the results, jasplakinolide
pretreatment could not prevent the effect of U0126 on AFFIR. Thus, it appears that MEK
signaling reduces FFIR through a mechanism that does not involve loss of actin filament
integrity. However, it remains conceivable that interaction between actin filaments and the cell

membrane at focal adhesions might be involved.

Interestingly, there was no significant change in MLC, phosphorylation with MEK inhibition.
Previously, we had reasoned that increased actomyosin crossbridge cycling might reduce the net
effect of stretch on contracted airway smooth muscle (4, 8, 15, 45, 46). In this study, MLC,,
phosphorylation was not affected by U0126 treatment, and tissues treated with or without U0126
shortened similarly (Figure 3B). Since MLC, phosphorylation is a key determinant of
actomyosin crossbridge cycling rate, it seems likely that MEK inhibition had little influence on
actomyosin ATPase activity. Thus, the MEK pathway regulates FFIR in canine TSM by a
mechanism other than through changing MLC,y phosphorylation (or, presumably, actomyosin

crossbridge cycling rate). However, it is conceivable that actin-myosin binding per se is impaired



with reduced h-caldesmon phosphorylation (40, 47, 48), which may explain why inhibition of

MEK and thus reduced h-caldesmon phosphorylation augments FFIR in our tissues.

Finally, Lakser et al (15) had previously shown that p38 MAPK activation inhibits FFIR in
contracted bovine TSM. Other studies suggest that crosstalk between MEK/ERK1/2 and p38
MAPK signaling pathways can occur (49-52). However, since U0126 did not affect
phosphorylation levels of p38 MAPK or HSP27 in our studies, MEK inhibition apparently did

not exert its influence on FFIR by altering p38 MAPK signaling.

To our knowledge there are no reports of increased MEK activation in asthmatics vs. non-
asthmatics; however, Burgess et al. (53) reported an increase in ERK phosphorylation in
asthmatic human ASM cells in the presence of low concentrations of FBS. Furthermore, Duan et
al. (54) showed that U0126 significantly reduced ovalbumin-induced airway
hyperresponsiveness to methacholine in their mouse asthma model. Interestingly, ERK
phosphorylation was also increased in the ovalbumin-challenged mice compared to the naive

mice suggesting a potential role for the MEK/ERK signaling pathway in allergic asthma models.

In conclusion, this study shows that the MEK signaling pathway regulates the magnitude of force
fluctuation-induced relengthening of contracted airway smooth muscle, through a mechanism
that in part involves h-caldesmon, but does not appear to depend upon changes in MLC
phosphorylation, p38 MAPK signaling, or actin filament integrity. Since FFIR may account, at
least in part, for the functional antagonism of bronchoconstriction by tidal breathing, our results

have potential implications for the effects of force oscillations imparted by breathing on airflow



obstruction during bronchoconstrictor stimulation. Because FFIR is physiologically regulated
(as evidenced by our ability to influence FFIR by manipulation of MEK activity), it seems

conceivable that therapeutic intervention to increase FFIR in asthma may be beneficial.
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FIGURE LEGENDS

Figure 1: Experimental protocol. In these representative tracings, tracheal smooth muscle strips
were exposed to U0126 or vehicle (control) for 45 minutes after which the oscillation protocol
was then repeated. Differences in force fluctuation-induced relengthening (AFFIR) post- vs. pre-
treatment were compared. For the vehicle-treated (control) muscle strip (panel A), there was no
appreciable difference in FFIR comparing post- to pre-treatment. MEK inhibition with U0126
(panel B) significantly increased AFFIR relative to vehicle treated control strips.

Figure 2: AFFIR correlates with U0I26 concentration in canine tracheal smooth muscle (TSM)
strips contracted with ACh. To determine whether AFFIR correlated with the concentration of
MEK inhibitor, the effect of varying U0126 concentration was investigated. Three
concentrations of U0126 were used; 3 uM (n=6), 15 uM (n=6), and 30 uM (n=6) and the AFFIR
were compared to TSM strips that received vehicle alone (n=14). These data show that MEK
inhibition modulates FFIR in a concentration-dependent manner (p<0.001; ANOVA). (* denotes
significant difference vs. the no drug treatment group. # denotes significant difference vs. 15 uM
U0126, 3 uM U0126, and the no drug treatment groups.) Values are means + SE.

Figure 3: Effect of MEK inhibition on isometric responsiveness and isotonic shortening in ACh-
contracted canine tracheal smooth muscle (TSM) strips. A: U0126 at 15 uM (n=3) and 30 uM
(n=5) had no significant effect on isometric responsiveness compared to control strips (n=4) (p=
0.486; ANOVA) B: Although 30 uM U0126 (n=6) treatment resulted in a substantial increase in
AFFIR compared to control (n=14), it did not affect isotonic shortening of the TSM strips post
treatment (p= 0.951; Student’s t-test). Values are means + SE.

Figure 4: Effect of MEK inhibition on caldesmon phosphorylation in canine tracheal smooth
muscle (TSM) strips. A: Three concentrations of U0126 were used: 3 uM (n= 6), 15 uM (n=15),
and 30 uM (n= 6). Caldesmon phosphorylation levels were compared to TSM strips that received
vehicle alone (n= 10). Caldesmon demonstrated reduced phosphorylation after treatment with 15
puM and 30 uM U0126 compared to both vehicle-treated and 3 uM strips (p=0.002; ANOVA).
Also included in panel A is a representative Western blot of control and U0126 treated tissues.
B: AFFIR varies inversely with caldesmon phosphorylation in strips contracted with ACh in the
presence of U0126. These data are reproduced from Figures 2 and 4A. (* denotes significant
difference vs. the no drug treatment group, ** significant vs. the no drug treatment and 3 uM
U0126, and # significant vs. the 15 uM U0126, 3 uM U0126, and no drug treatment groups.)
Values are means + SE.

Figure 5: Schematic model of signaling pathways involved in smooth muscle contraction.
Acetylcholine (ACh) activates G protein-coupled muscarinic receptors (M2R and M3R),
resulting in the activation of several signaling cascades. M2R activates Raf/MEK signaling that
in turn activates extracellular signal-regulated kinases (ERK) 1/2 and their downstream



regulators of contraction, including h-caldesmon. Through activation of myosin light chain
kinase (MLCK) and ERK1/2, intracellular Ca*" and ILK (integrin-linked kinase) promote
phosphorylation of myosin light chain 20 (P-MLC,). Only a few of the likely effector molecules
involved in this pathway are depicted. PKC, protein kinase C; DAG, diacylglycerol; IP3, inositol
1,4,5-triphosphate; Ca*"-CaM, Ca’"-calmodulin; MEK, MAPK kinase; PI 3-K,
phosphatidylinositol 3-kinase; HSP 27, heat shock protein 27.
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