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Physical exercise is considered a fundamental strategy in improving insulin sensitivity and
glucose uptake in skeletal muscle. However, the molecular mechanisms underlying this
regulation, primarily on skeletal muscle glucose uptake, are not fully understood. Recent
evidence has shown that Rho-kinase (ROCK) isoforms play a pivotal role in regulating
skeletal muscle glucose uptake and systemic glucose homeostasis. The current study
evaluated the effect of physical exercise on ROCK2 signaling in skeletal muscle of insulin-
resistant obese animals. Physiological (ITT) and molecular analysis (immunoblotting, and
RT-gPCR) were performed. The contents of RhoA and ROCK2 protein were decreased in
skeletal muscle of obese mice compared to control mice but were restored to normal
levels in response to physical exercise. The exercised animals also showed higher
phosphorylation of insulin receptor substrate 1 (IRS1 Serine 632/635) and protein
kinase B (Akt) in the skeletal muscle. However, phosphatase and tensin homolog
(PTEN) and protein-tyrosine phosphatase-1B (PTP-1B), both inhibitory regulators for
insulin action, were increased in obesity but decreased after exercise. The impact of
ROCK?2 action on muscle insulin signaling is further underscored by the fact that impaired
IRS1 and Akt phosphorylation caused by palmitate in C2C12 myotubes was entirely
restored by ROCK2 overexpression. These results suggest that the exercise-induced
upregulation of RhoA-ROCK?2 signaling in skeletal muscle is associated with increased
systemic insulin sensitivity in obese mice and further implicate that muscle ROCK2 could
be a potential target for treating obesity-linked metabolic disorders.
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INTRODUCTION

The metabolic condition of insulin resistance precedes type 2
diabetes mellitus and has generated a high number of deaths
worldwide (1, 2). In this scenario, considering that the mechanisms
related to insulin resistance are not fully understood, it is relevant
to investigate new potential regulators of insulin-stimulated
glucose uptake in peripheral tissues (e.g., skeletal muscle) (3-6).

The Rho-kinase (ROCK) protein is relevant in several
physiological processes, such as gene expressions, inflammation,
cytoskeleton organization, and smooth muscle contraction (7).
The mechanism of activation and inhibition involves the binding
of GTPase enzymes to the binding domain of ROCK, with
RhoaAGPase activating and RhoE GTPase inhibiting (8, 9).
Previously, our work revealed that, in response to insulin
stimulation, ROCK was activated by RhoA GTPase, leading to
IRS1 phosphorylation in serine 632/635 and increasing the
insulin signal pathway and glucose uptake in skeletal muscle
(10). In addition, the deficiency of ROCK1 impaired the skeletal
muscle insulin signaling and declined the systemic insulin
sensitivity (11). Altogether, these findings suggested that
ROCKI1 exerts fundamental action on insulin signaling in
skeletal muscle and collaborates notoriously for glycemic
homeostasis of the organism.

Exercise can prevent and treat type 2 diabetes arising from
obesity by improving insulin sensitivity through increased
glucose uptake in skeletal muscle (12-14). We recently showed
that swimming exercise increases ROCK1 and ROCK2 contents
and ROCK activity, improving insulin sensitivity and GLUT4
translocation in the gastrocnemius muscle of lean rats (15).
Otherwise, the ROCK inhibition impaired these positive effects
after physical exercise in lean rats (15). In addition, we observed
that middle-aged Fischer rats, an aging model without significant
adipose mass gain, demonstrated lower ROCK2 content and
ROCK activity but without ROCK1 modulation in the skeletal
muscle compared to young rats (16). Thus, it remains unclear
whether increased glucose uptake and insulin sensitivity induced
by exercise are linked to ROCK2 signaling in skeletal muscle.
This study investigated whether the effects of aerobic training on
insulin sensitivity and glycemia in obese animals were associated
with the ROCK signaling pathway.

MATERIALS AND METHODS

Animal Characterization

Four-week-old Swiss mice (weighing 15-20 g) were provided by
the Central Animal Laboratory from Unicamp (CEMIB). All
animal experiments were approved by the Ethics Committee on
Animal Use (CEUA) of the University of Campinas, under
protocol number 2805-1.

Maintenance of Animals

The animals were kept in cages under controlled conditions of
luminosity, with a cycle of 12 hours of exposure to light and
twelve hours in the absence of light. The animals had free access

to water and food (standard or high-fat diet). The standard diet
consisted of fat from soybean oil (5 g), protein (23 g), and
carbohydrates (51.5 g/100 g of diet — 339 Kcal). The high-fat diet
(HFD, PragSolugdes™, 58,35% of fat) was composed of 35.8 g of
fat from coconut oil, 23 g of protein, and 34.5 g of carbohydrates
(totalizing 552.2 Kcal), as described previously (17, 18).

Incremental Load Test to Determine

the Exhaustion Velocity

The mice were previously adapted to the running ergometer.
During adaptation, rodents remained on the treadmill for 10
minutes at a speed of 3 m/min. This adaptation was carried out
for five consecutive days. Then, the incremental load test was
performed. During the evaluation, there was an increase in the
workload every 3 min, with a 3m/min speed increase. It was
considering that the animals reached exhaustion when the rodents
were no longer able to stay running at the established speed, and
they touched the treadmill back wall more than five times with an
interval of 1 minute. The maximum speed obtained in the
incremental test was considered for the prescription of aerobic
exercise. This protocol was adapted from a previous study (19).

Experimental Groups and Exercise
Protocol (Aerobic Training)

Mice were distributed in the following groups (7 rodents/group):
control (C), sedentary obese (OB), and trained obese (TOB). The
aerobic training was composed of eight weeks, which was
distributed into two phases: Phase 1 (6-10™ week), lasted four
weeks, and in this period, the volume was increased gradually
(15 min per week up to 60 min per week); Phase 2 (10-14"™
week), which the volume of last week of the physical training
(from Phase 1) was maintained for the next four weeks (until the
end of study). The animals exercised for five consecutive days,
followed by two days of rest. The physical training started after
the induction of obesity, which was performed over six weeks
with the mice being fed with an HFD. Before starting the training
protocol, the fasting glycemia was analyzed, and an insulin
tolerance test was performed. Therefore, the entire experiment
period lasted for 14 weeks (Figure 1).

Insulin Tolerance Test (ITT)

The insulin tolerance test (ITT) was performed 24 hours after the
last physical training session. All animals fasted for 8 hours
before the test. For this purpose, the mice received an
intraperitoneal injection of human recombinant insulin
(Humulin R) from Eli Lilly (Indianapolis, IN, USA) at a
concentration of 0.75 U/kg of body weight. After a small cut at
the end of their tails, the blood was collected for glucose analysis.
Blood collection was performed at baseline (fasting stage and
before receiving insulin) and at 30, 60, 90, and 120 minutes after
receiving insulin injection. By collecting and analyzing blood
glucose at different test times, it was possible to obtain the area
under the glucose curve (20).
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FIGURE 1 | Experimental design: Schematic design showing the whole experiment divided into two stages. In Stage 1, the obese animals (red bar) were fed an
HFD for 6 weeks. After that (Stage 2), the sedentary obese group was divided into two groups (sedentary and trained), where trained animals performed aerobic
training on the treadmill. During Phase 1 of the aerobic training, the exercise session duration was increased weekly (15-60 minutes) at 60% of the exhaustion
velocity. Phase 2 was performed at 60% of the exhaustion velocity for 60 minutes/day. After the 14 weeks of the experiment, the skeletal muscle samples were

Euthanasia of Animals

Before tissue extractions, mice received an injection of
chlorohydrate ketamine (50 mg/kg Ketalar; Parke-Davis, Ann
Arbor, MI) and xylazine (20 mg/kg; Rompun, Bayer, Leverkusen).
Anesthetics were administered to the animals’ peritoneum. All
animals fasted for 8 hours before the tissue extraction procedures.

Tissue Extraction, Homogenization, and
Determination of Total Protein Content
Skeletal muscle samples (gastrocnemius) were taken 10 min after
insulin injection (intraperitoneally injection: 10 U/kg of body
weight). The control/negative animals received saline. Therefore,
10 min after insulin/saline injection, muscle tissue samples were
harvested and later homogenized in extraction buffer at 4°C with
a Polytron (Brinkmann Instruments model PT 10/35) at maximum
speed for 30 s. After incubating for 1 h, the extracts were centrifuged
at 11,000 rpm, with the temperature maintained at 4°C (Palo Alto,
CA) for 15 min. Part of the sample was used to determine the total
protein content using bicinchoninic acid (BCA), and another part
was used to perform the immunoblotting (IB) technique using
specific antibodies. The epididymal, mesenteric, subcutaneous, and
retroperitoneal adipose tissues were removed and weighed on an
analytical balance to compare groups.

Immunoblotting - IB
After determining the total protein content, the Laemmli was
added to the supernatant buffer (21) containing 100 mM DTT and

heated in boiling water for 5-10 minutes. Next, equal amounts of
protein from the gastrocnemius (50 pg) were used for application
in polyacrylamide gel and separation by electrophoresis. The
membranes were incubated with: antibodies against: phospho-
Y972 IR (#GTX25678) from GeneTex®; phospho-Y612 IRSI
(#44816G) from Life Technologies®; Akt (#4685), phospho-
Ser473 Akt (#9271), phospho-Ser9 GSK3B (#5558), GSK3p
(#5676), phospho-Ser632/635 IRS1 (#2388), RhoA (#2117), PDK
(#3062), phospho-Ser241 PDK (#3061), PTEN (#9188), phospho-
Ser380 PTEN (#9151), and GAPDH (#2118) from Cell Signaling
Techonology®; phospho-T696 MYPT1 (#92590) from Millipore®;
ROCK2 (#5561), PTP1B (#14021) from Santa Cruz
Biotechnology®; RhoE form Sigma®. Antibodies were diluted
1:1000. After overnight incubation with primary antibody, the
membranes were washed with TBS+Tween 0.05% for 30 min,
incubated with horseradish peroxidase secondary antibodies
(1:2000 dilution; Cell Signaling Techonology®) for 1 h and
washed again with TBS+Tween 0.05% for 30 min. The bands
were visualized with enhanced chemiluminescence and quantified
by an Image J program (v1.52a, NIH).

ROCK Activity Assay

The Rho-kinase activity was evaluated by measuring its substrate
phosphorylation (pMYPT1) using 100 ug of muscle lysate, 1 mM
of ATP, and 500 ng of recombinant MYPT1 (Millipore®). This
mixture was incubated for 30 min under agitation at 30°C. The
reaction was stopped using 2x Laemmli and submitted to IP
protocol. The membrane was incubated using anti-pMYPT1
(T696) from Millipore®.
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Quantitative Real-Time PCR

The RNA was obtained from skeletal muscle (gastrocnemius)
with TRIzol (ThermoFischer®, MA, USA) and submitted to
c¢DNA conversion (High Capacity cDNA Reverse Transcription
Kit; ThermoFischer®, MA, USA). The quantitative Real-Time
PCR was performed using the 7500 Fast Real-Time machine
(Applied Biosystems®, CA, USA) with SYBR Green PCR
Mastermix (Applied Biosystems®, CA, USA). The mRNA
quantification for each gene was normalized with Gapdh using
the 27T method. The primer sequences are listed in Table 1.

Cell Culture

C2C12 myoblasts (ATCC® CRL-1772"™) were grown in Dulbecco’s
Modified Eagle’s Medium (DMEM - ThemoFisher scientific®
#12100046) containing 10% of fetal bovine serum (FBS - Gibco®
#A476680) 1% of Penicillin/Streptomycin complexes (P/S - Gibco®
#15140122) at 37°C, 5% CO2 up to ~ 80% of confluence. Then, the
differentiation process was induced by replacing the FBS growth
medium with 2% horse serum (HS - Gibco® #26050070), and the
culture medium was replaced every two days. The analyses were
performed on day 6 of differentiation.

Insulin Resistance Assay in

C2C12 Myotubes

On the 5th day of differentiation, C2C12 myotubes were treated
with Bovine Serum Albumin Free Fat Acid (BSA FFA Sigma

TABLE 1 | Primer sequence list.

S/c2a4-R Mouse Reverse CGGTCAGGCGCTTTAGACTC
S/c2a4-F Mouse Forward ATCATCCGGAACCTGGAGG
Hk2-R Mouse Reverse GGAAGCGGACATCACAATC
Hk2-F Mouse Forward AGAGAACAAGGGCGAGGAG
Gpi1-R Mouse Reverse CCCGATTCTCGGTGTAGTTG
Gpi1-F Mouse Forward ATGGGCATATTCTGGTGGAC
Pfkm-R Mouse Reverse TTCCTGTCAAAGGGAGTTGG
Pfkm-F Mouse Forward CTGGTGCTGAGGAATGAGAA
Pfkp-R Mouse Reverse TCCCACCCACTTGCAGAAT
Pfkp-F Mouse Forward AAGCTATCGGTGTCCTGACC
Tpi1-R Mouse Reverse CGGTGGGAGCAGTTACTAAA
Tpi1-F Mouse Forward TATGGAGGTTCTGTGACTGGA
Pgk1-R Mouse Reverse CTTTAGCGCCTCCCAAGATA
Pgk1-F Mouse Forward GAGCCTCACTGTCCAAACTA
Pgam1-R Mouse Reverse GTACCTGCGATCCTTGCTGA
Pgam1-F Mouse Forward GACGATCTTATGATGTCCCACC
Eno1-R Mouse Reverse GAAGAGACCTTTTGCGGTGT
Eno1-F Mouse Forward CTTGCTTTGCAGCGATCCTA
Eno3-R Mouse Reverse CTTCCCATACTTGGCCTTGA
Eno3-F Mouse Forward CTGTGCCTGCCTTTAATGTG
Pkm-R Mouse Reverse CAACAGGACGGTAGAGAATGG
Pkm-F Mouse Forward CTGTGGAGATGCTGAAGGAG
Pcx-R Mouse Reverse GCAATCGAAGGCTGCGTACAGT
Pcx-F Mouse Forward GGATGACCTCACAGCCAAGCAT
Idh3a-R Mouse Reverse GCCATGTCCTTGCCTGCAATGT
/dh3a-F Mouse Forward GCAGGACTGATTGGAGGTCTTG
Ogdh-R Mouse Reverse ATCCAGCCAGTGCTTGATGTGC
Ogdh-F Mouse Forward GGTGTCGTCAATCAGCCTGAGT
Gapdh-R Mouse Reverse ACACATTGGGGGTAGGAACA
Gapdh-F Mouse Forward AACTTTGGCATTGTGGAAGG

Aldrich® #A8806-5G) to compound control group, or 500 uM of
Palmitate conjugated to BSA FFA (Sigma Aldrich® #P0500) for
24 h to promote insulin resistance. After this treatment, on the
6th day of differentiation, these cells were treated with 200 nM of
Insulin (Sigma Aldrich® #13536) for 20 minutes.

ROCK Activity Inhibition and ROCK2
Transfection in C2C12 Myotubes

A pharmacological ROCK inhibitor (Y-27632, Cayman
Chemical® #129830-38-2) was used to inhibit ROCK activity
at a concentration of 15 uM for 4h, during treatment with BSA
FFA - Palmitate. For the overexpression of ROCK2, a GFP-
mROCK?2 plasmid was obtained from Addgene® (#101296),
where mammalian ROCK2 was cloned into a pEGFP-C1
vector. According to the manufacturer’s instructions, the
transfection was performed on the 4th day of differentiation
with the Lipo Plus reagent (Thermofisher Scientific #15338100).
After 24 hours, cells were treated with palmitate (500 uM for
24 h) and stimulated with insulin (200 nM for 20 minutes).

Statistical Analysis

The graphs were expressed as mean + SEM. Data normality was
analyzed using the Shapiro-Wilk test. The two groups’
comparison was analyzed using the Student t-test (normal) or
Mann-Whitney test (non-normal). Analysis of variance -
ANOVA test (normal) followed by Tukey’s or Kruskal-Wallis
(non-normal) was adopted when three groups were compared.
The statistical significance was set at p < 0.05. The software
GraphPad Prism version 6.0 was used to perform the analysis.

RESULTS

Physiological Parameters

The animals from the obese group gained more body weight and
intraperitoneal fat than the control group (Figures 2A-D). After six
weeks of HFD feeding, we confirmed that mice fed an HFD were
insulin-resistant compared to the control mice (Figures 2E, I).
Following the obesity and insulin resistance induction period, a set
of obese mice began the physical exercise for eight weeks. Exercised
obese mice reduced weight gain and intraperitoneal fat compared to
sedentary obese mice (Figures 2A-D). As expected, physical
exercise improved insulin sensitivity in obese mice (Figures 2E-T).
Serum insulin levels were increased in obese mice and restored to
normal levels by exercise (Figure 2H).

ROCKZ2, Insulin Signaling and Glucose
Metabolism Genes in Gastrocnemius
Muscle of Trained Obese Mice

Besides evaluating whether diet-induced obesity reduces the Rho-
ROCK?2 signaling pathway in skeletal muscle, we tested the possibility
that physical exercise can restore this effect. We found that the
amount of ROCK2 protein in skeletal muscle was significantly
decreased in obese mice compared with control mice (Figure 3).
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Also, the level of RhoA protein in skeletal muscle, an upstream
mediator of ROCK2, was reduced by obesity (Figure 3). Interestingly,
these effects were completely restored to normal levels after the
physical training. Along with these data, similar results were observed
in MYPT1 phosphorylation as an indicator for ROCK activity and
IRS1 serine 632/635 phosphorylation, which are ROCK’s
phosphorylated sites (i.e., obesity decreased these parameters, but
exercise increased them) (Figures 3, 4A). However, obesity did not
affect skeletal muscle RhoE protein, but physical exercise reduced its
content (Figure 3).

As expected, insulin signaling components (pIR/pIRSI)
stimulated by insulin were decreased in the skeletal muscle of
obese mice fed an HED. On the other hand, the exercise increased
pIRS1, pPDK, and pAkt in these mice (Figure 4A). Obesity also
led to a significant increase in PTEN phosphorylation, a negative
regulator of PI3K, but exercise training suppressed this result
(Figure 4A). Concurrently, PTP-1B protein content was
decreased in trained obese mice (Figure 4A).

The modulations in ROCK signaling were accompanied by
changes in glucose metabolism-related genes (glycolysis and
TCA cycle) in the skeletal muscle. The obese mice showed
lower levels in the mRNA of Slc2a4, Ptkm, Tpi, Enol, Pcx, and
Idh3a (Figure 4B). Instead, the physical exercise restored these
levels and increased the mRNA levels of Gpil and Pfkp
(Figure 4B). Collectively, these results suggest that exercise
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FIGURE 2 | Physiological Parameters: (A) Body weight curve throughout the experiment, which was distributed into two stages: the first stage (1-6 weeks)
performed only to induce obesity and insulin resistance; the second stage (6—14 weeks) for treatment. (B) Final Body weight of stages 1 and 2. (C) The area under
the body weight curve. (D) Intraperitoneal from retroperitoneal, mesenteric, and epididymal fat. (E) The insulin tolerance test curve after the first stage (6 weeks fed a
high-fat diet), performed only to confirm the insulin resistance induction. (F) Insulin tolerance test curve after the second stage (8 weeks fed with HFD and treatment
with physical exercise for eight more weeks). (G) Area above the curve during the Insulin tolerance test in the first and second stages. During the first stage, 7
animals were used in the control group and 20 animals for the obese group. In the second stage, the obese group was distributed into sedentary and trained
groups, where each group consisted of 10 animals. (H) Values of fasting insulinemia. (I) HOMA-IR index values. The Student t-test was used to compare two means
and one-way ANOVA to compare 3 means obtained during the second stage of the experiment. All bars represent mean and SEM of Control, Sedentary Obese, and
Trained Obese Mice. *p < 0.05 between Control and Sedentary Obese group. *p < 0.05 between Sedentary Obese and Trained Obese groups. p < 0.05 between

training has beneficial effects on insulin sensitivity and glucose
metabolism by increasing the expression of critical molecules
associated with Rho-ROCK?2 signaling, which could contribute
to increased insulin-sensitizing effects in the skeletal muscle in
obese mice (Figure 4C).

In Vitro ROCK Inhibition and
Overexpression in C2C12 Myotubes

To confirm the role of ROCK in the control of the insulin
signaling pathway in the context of insulin resistance, C2C12
myotubes were studied. Insulin increases ROCK activity
(pMYPT1)and insulin signaling components phosphorylation,
including pIRS1, pAkt, and pGsk3P. However, the treatment of
C2C12 cells with palmitate impaired the insulin’s effect on
pIRS1%%%%/%% and pAkt (Figure 5A). The co-treatment with
ROCK inhibitor (Y-27632) and palmitate impaired the insulin-
stimulated ROCK activity (pMYPT1) and pIRS1'®'* but
preserved the attenuated phosphorylation of pIRS1°**¢*> and
pAkt compared to insulin-treated cells. A decreasing trend in the
pGsk3p (p=0.058) compared to the group treated only with
palmitate was also observed (Figure 5A). In contrast to the
ROCK inhibition, ROCK2 overexpression in insulin-resistant
C2C12 cells led to the restoration in the phosphorylation of the
insulin signaling pathway proteins (Figure 5B). The ROCK2
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FIGURE 3 | Rock signaling in the Skeletal Muscle of obese and trained obese mice: Analysis of Rock signaling (RhoA/RhoE/ROCK2/pMYPT1). The analysis was
performed on percentage change related to the control group. The comparison of the means was performed using one-way ANOVA, and the p-value was set at
p < 0.05. The total protein GAPDH was used as an assay control. All bars represent mean and SEM of Control, Sedentary Obese, and Trained Obese mice.

*p < 0.05 between Control and Sedentary Obese group. #b < 0.05 between Sedentary Obese and Trained Obese groups.

overexpression increased both ROCK2 content and activity
(pPMYPT1) compared to the other groups. Overexpression of
ROCKI1 in C2C12 cells treated with palmitate restored impaired
insulin-stimulated IRS1 and Akt phosphorylation (Figure 5B).
These data suggest that ROCK2 overexpression is sufficient to
promote insulin signaling in the muscle cells and protects against
lipid-induced insulin resistance.

DISCUSSION

The present research investigated the beneficial effects of exercise
on insulin signaling in insulin-resistant obese mice, with a
particular interest in ROCK signaling. We found that insulin-
resistant obese animals have a lower RhoA and ROCK2 protein
content in skeletal muscle, contributing to impaired insulin
signaling. Interestingly, exercise training restored the impairment
of ROCK2 and insulin signaling in insulin-resistant obese mice.
Combined with our previous studies showing that ROCK is an
essential regulator of glucose metabolism (10) and ROCK activity is
upregulated in gastrocnemius muscle of exercised rats (15), these
findings suggest that the increase in whole-body insulin sensitivity
in obese animals submitted to exercise includes the involvement of
ROCK protein in skeletal muscle insulin signal regulation.
Although exercise training increases insulin sensitivity (22),
its molecular mechanism remains to be elucidated. We tested the
possibility that physical exercise-induced improvement of
insulin sensitivity could be due to increased ROCK signaling in
skeletal muscle of insulin-resistant obese mice. Here, we
demonstrate that ROCK2 expression, a downstream target for
RhoA, was significantly decreased in obese mice than lean

control mice but was restored to a normal level by exercise
training. Consistently, similar data were observed in trained
obese mice for the proximal insulin signaling components,
including IRS1 tyrosine phosphorylation, Akt phosphorylation,
and PDK phosphorylation. Given that ROCK2 directly
phosphorylates IRS1 serine residues (23), the elevation of exercise-
induced ROCK2 protein may lead to an enhancement of IRS1
tyrosine phosphorylation via IRSI serine phosphorylation. As a
result, insulin sensitivity is increased, ultimately leading to
metabolic improvement in insulin-resistant obese mice.

The previous discovery showed that animals with a global
genetic deletion of ROCK developed insulin resistance and
showed reduced skeletal muscle glucose uptake (11). These
observations are further supported by the findings that insulin-
stimulated ROCK activation in skeletal muscle is reduced in
people with type 2 diabetes (24), along with an impairment of
insulin-stimulated PI3K activity associated with IRSI (25). From
these observations, we propose that the elevation of skeletal
muscle ROCK protein by exercise could increase insulin
sensitivity in obesity by improving insulin signaling. Therefore,
the modulation of muscle ROCK expression could lead to new
treatment approaches for obesity and type 2 diabetes. Future
studies involving specific deletion of Rock in skeletal muscle may
reinforce the findings observed in the current investigation.

Previous studies have shown that in the condition of obesity
and diabetes, there is an increase in the expression and activity of
the PTP-1B protein, with consequent impairment in the
phosphorylation of critical components of the insulin signaling
pathway such as IR and IRS1 (26, 27). Interestingly, a recent study
identified that RhoA could regulate PTP1B. Indeed, the increase
in RhoA was associated with the inactivation of PTP-1B (28).
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pPDK/pPTEN/pAkt/pGsk3B/PTP-1) in skeletal muscle of control, sedentary obese and trained obese animals. The control group was composed of 1 animal that was
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Here, we found that PTP1B expression was increased in skeletal
muscle of obese mice compared to control mice but was
decreased by exercise training. Similar changes were observed
in PTEN phosphorylation, a negative regulator of PI3K (29),
during exercise in obese mice, suggesting that exercise suppresses
dephosphorylation of the proximal insulin signaling components
(i-e., IR, IRS1, and PI3K), resulting in increased insulin
sensitivity. Concurrently, reciprocal changes for muscle RhoA
expression were seen (i.e., RhoA decreased in obesity and rescued
to a normal level by exercise). Altogether, these data demonstrate
that exercise-induced amelioration of insulin sensitivity in the
obesity state could be explained by exercise-mediated
suppression of PTP1B and PTEN, at least in part, coupled with
increased RhoA expression.

In response to physical exercise, PDK phosphorylation in
skeletal muscle was significantly increased in obese mice. Given
ROCK binds to PDK1 (30), it is conceivable that ROCK
phosphorylates PDK1 serine residue at 241, leading to the
increase of its activation. Upon PDKI activation, Akt was
stimulated, and thereby insulin sensitivity is enhanced. During the
exercise training period, it is likely that the elevation of ROCK2
expression could be the factor for this event. However, additional

18241

investigations are necessary to determine whether ROCK directly
phosphorylates PDK1 serine residues and ROCK-mediated PDK1
signaling defect may collaborate to develop insulin resistance.

Fat accumulation was positively correlated with impaired
insulin sensitivity (31). In obese mice, exercise training markedly
decreased body weight by 21.5% and fat deposits by 217% in
retroperitoneal, 131% in mesenteric, and 82% in epididymal. We
cannot rule out the possibility that exercise-induced insulin
sensitivity improvement in obese mice with insulin resistance
could be due to decreased adiposity secondarily. Finally, we
confirm the direct role of ROCK2 activity in C2C12 myotubes
where pharmacologic ROCK inhibition impaired insulin signaling
pathway, as previously reported (10, 23). On the other hand,
ROCK?2 overexpression restored the phosphorylation of essential
proteins of the insulin signaling pathway in palmitate-induced
insulin-resistant cells.

CONCLUSION

In conclusion, our results suggest that the increased insulin-
sensitizing effect obtained through exercise training is linked to
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the up-regulation of RhoA and ROCK2 in skeletal muscle of
insulin-resistant obese mice. Thus, the Rho-ROCK2 signaling
axis could play a crucial role in regulating exercise-induced
insulin sensitivity in skeletal muscle.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/supplementary material.

ETHICS STATEMENT

The animal study was reviewed and approved by Ethics Committee
on Animal Use (CEUA) of the University of Campinas.

A caciz
ROCKZ [ o o o e o o o o o =
pverres [ERBNS | 25001 — . *
GAPDH [me e s e e e ] ﬁ1500 = E+I i e .
S632/615 Py . = e mm Palm+
piRsiee | NN G O mm Palm+Y-27632+
plRS1¥EL2 | W o 20 -E'
st (DM IRRNEE O 400 #
pAKEST | | E—_) B
e e e B * =
pGSKS[}‘ﬂ--U}"‘i.!‘.-- = 200 i #
GKIp [menmmrwewewe =
Insulin: - - -1+ + +/+ + MR
Palmitate; - - -/ - - - . ai‘ - o+
Y-27632; - - - - o-l- - - o ow
B
cac12
ROCK2 [m = == 10004 — C- *#S
pMYPTLT [ = - = g+|
S e F— — 800- == Palm+
B-actin | | o = Palm+ROCK2+
sy [N =
: - S 6004 ] ¥
pIRS 1762 | BT mum| O i
st [HR R W ] o e vs C-
. u— 4004 *
e e R
A [ S 200{ & & #
pGSK3ps® [~ = — # # #
GSKIp | ===
Insulln: - - -+ + 4+ + +1+ 4 + b A @
Palmitate: - - </« < 4+ 4 4le s s GLD’ :SgF o_,’bq;": 42 o r§2
ROCKZ: « = sle = sle = wled & Q‘O Q& & %'\ v\_‘-\ %\k-
\!-:k (_9'\ Q\Q‘ Q QC‘)
Q &
Q
FIGURE 5 | Insulin signaling in palmitate-induced insulin-resistant C2C12 myotubes in response to ROCK activity inhibition (Y-27632) and ROCK2 overexpression:
(A) Phosphorylation of critical proteins involved with ROCK activity and insulin signaling pathway (pIRS1/pAkt/pGsk3p) in response to Insulin 200 nM for 20 minutes,
Palmitate 500 uM for 24 hours, and Y-27632 15 uM for 4 hours. (B) Phosphorylation of critical proteins involved with Rock activity and insulin signaling pathway
(PIRS1PAKt/PGSK3P) in response to Insulin 200 nM for 20 minutes, Palmitate 500 uM for 24 hours, and ROCK2 transfection. All bars represent the means and SEM
of Control (C), Palmitate (Palm), Palm+Y-27632, and Palm+ROCK?2 cells."p < 0.05 vs. Control group without insulin (C-). *p < 0.05 vs. Control group treated with
insulin (C+). $p < 0.05 vs. Palm group. ép < 0.05 vs. Paim+ROCK2 group.

AUTHOR CONTRIBUTIONS

Author contributions: VM and RG performed the experiments.
VM, Y-BK, and JP analyzed the data. VM prepared the figures.
VM and JP drafted the manuscript. MS and FS performed cell
culture experiments. AM, ER, DC, AS, ES, Y-BK, and JP edited
and revised the manuscript. VM, Y-BK, and JP conceived and
designed the research. All authors contributed to the article and
approved the submitted version.

FUNDING

This work was supported by grants from the FAPESP (15/26000-2;
2013/21491-2; 2016/18488-8), CNPq (306535/2017-3) and
FAEPEX, and from the National Institutes of Health
(RO1DKO083567 to Y-BK).

Frontiers in Immunology | www.frontiersin.org

June 2021 | Volume 12 | Article 702025


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Mufoz et al.

Exercise Increases Skeletal Muscle ROCK2

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

Tao Z, Shi A, Zhao ]. Epidemiological Perspectives of Diabetes. Cell Biochem
Biophys (2015) 73:181-5. doi: 10.1007/s12013-015-0598-4

Hossain P, Kawar B, El Nahas M. Obesity and Diabetes in the Developing
World — A Growing Challenge. N Engl ] Med (2007) 356:213-5. doi: 10.1056/
NEJMp068177

. Ropelle ER, Pauli JR, Cintra DE, Da Silva AS, De Souza CT, Guadagnini D,

et al. Targeted Disruption of Inducible Nitric Oxide Synthase Protects Against
Aging, S-Nitrosation, and Insulin Resistance in Muscle of Male Mice. Diabetes
(2013) 62:466-70. doi: 10.2337/db12-0339

. Marinho R, Ropelle ERR, Cintra DEE, De Souza CTT, Da Silva ASRSR,

Bertoli FCC, et al. Endurance Exercise Training Increases APPL1 Expression
and Improves Insulin Signaling in the Hepatic Tissue of Diet-Induced Obese
Mice, Independently of Weight Loss. J Cell Physiol (2012) 227:2917-26.
doi: 10.1002/jcp.23037

. Prada PO, Ropelle ER, Moura RH, Souza CT De, Pauli JR, Rocco SA, et al.

Glucose Tolerance and Insulin Action in High-Fat Diet — Fed Mice. Diabetes
(2009) 58:2910-9. doi: 10.2337/db08-0506.P.O.P

. Matos A, Ropelle ER, Pauli JR, Frederico MJS, De Pinho RA, Velloso LA, et al.

Acute Exercise Reverses TRB3 Expression in the Skeletal Muscle and
Ameliorates Whole Body Insulin Sensitivity in Diabetic Mice. Acta Physiol
(2010) 198:61-9. doi: 10.1111/j.1748-1716.2009.02031.x

. Amano M, Fukata Y, Kaibuchi K. Regulation and Functions of Rho-

Associated Kinase. Exp Cell Res (2000) 261:44-51. doi: 10.1006/
excr.2000.5046

. Riento K, Ridley AJ. Rocks: Multifunctional Kinases in Cell Behaviour. Nat

Rev Mol Cell Biol (2003) 4:446-56. doi: 10.1038/nrm1128

. Riento K, Guasch RM, Garg R, Jin B, Ridley AJ. Rhoe Binds to ROCK I and

Inhibits Downstream Signaling. Mol Cell Biol (2003) 23:4219-29. doi:
10.1128/MCB.23.12.4219-4229.2003

Furukawa N, Ongusaha P, Jahng W], Araki K, Choi CS, Kim H]J, et al. Role of
Rho-Kinase in Regulation of Insulin Action and Glucose Homeostasis. Cell
Metab (2005) 2:119-29. doi: 10.1016/j.cmet.2005.06.011

Lee DH, Shi ], Jeoung NH, Kim MS, Zabolotny JM, Lee SW, et al. Targeted
Disruption of ROCK1 Causes Insulin Resistance In Vivo. ] Biol Chem (2009)
284:11776-80. doi: 10.1074/jbc.C900014200

Richter EA, Ploug T, Galbo H. Increased Muscle Glucose Uptake After
Exercise: No Need for Insulin During Exercise. Diabetes (1985) 34:1041-8.
doi: 10.2337/diab.34.10.1041

Luciano E, Carneiro EM, Carvalho CRO, Carvalheira JBC, Peres SB, Reis
MAB, et al. Endurance Training Improves Responsiveness to Insulin and
Modulates Insulin Signal Transduction Through the Phosphatidylinositol 3-
Kinase/Akt-1 Pathway. Eur ] Endocrinol (2002) 147:149-57. doi: 10.1530/
eje.0.1470149

Wojtaszewski JFP, Higaki Y, Hirshman MF, Michael MD, Dufresne SD, Kahn
CR, et al. Exercise Modulates Postreceptor Insulin Signaling and Glucose
Transport in Muscle-Specific Insulin Receptor Knockout Mice. J Clin Invest
(1999) 104:1257-64. doi: 10.1172/JCI7961

Munoz VR, Gaspar RC, Kuga GK, da Rocha AL, Crisol BM, Botezelli JD, et al.
Exercise Increases Rho-Kinase Activity and Insulin Signaling in Skeletal
Muscle. ] Cell Physiol (2018) 233:4791-800. doi: 10.1002/jcp.26278

Muiioz VR, Gaspar RC, Kuga GK, Pavan ICB, Simabuco FM, da Silva ASR,
et al. The Effects of Aging on Rho Kinase and Insulin Signalling in Skeletal
Muscle and White Adipose Tissue of Rats. ] Gerontol A Biol Sci Med Sci (2018)
75(3):432-6. doi: 10.1093/gerona/gly293

Munoz VR, Gaspar RC, Crisol BM, Formigari GP, Sant’Ana MR, Botezelli JD,
et al. Physical Exercise Reduces Pyruvate Carboxylase (PCB) and Contributes
to Hyperglycemia Reduction in Obese Mice. ] Physiol Sci (2017) 68:493-501.
doi: 10.1007/s12576-017-0559-3

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Munoz VR, Gaspar RC, Kuga GK, Nakandakari SCBR, Baptista IL, Mekary
RA, et al. Exercise Decreases CLK2 in the Liver of Obese Mice and Prevents
Hepatic Fat Accumulation. J Cell Biochem (2018) 1-8. doi: 10.1002/jcb.26780
Ferreira JCB, Rolim NPL, Bartholomeu JB, Gobatto CA, Kokubun E, Brum
PC. Maximal Lactate Steady State in Running Mice: Effect of Exercise
Training. Clin Exp Pharmacol Physiol (2007) 34:760-5. doi: 10.1111/j.1440-
1681.2007.04635.x

Lundbaek K. Intravenous Glucose Tolerance as a Tool in Definition and
Diagnosis of Diabetes Mellitus. Br Med J (1962) 1:1507-13. doi: 10.1136/
bmj.1.5291.1507

Laemmli UK. Cleavage of Structural Proteins During the Assembly of the
Head of Bacteriophage T4. Nature (1970) 227:680-5. doi: 10.1038/227680a0
Wojtaszewski JF, Hansen BF, Gade, Kiens B, Markuns JF, Goodyear L],
Richter EA. Insulin Signaling and Insulin Sensitivity After Exercise in Human
Skeletal Muscle. Diabetes (2000) 49:325-31. doi: 10.2337/diabetes.49.3.325
Chun KH, Araki K, Jee Y, Lee DH, Oh BC, Huang H, et al. Regulation of
Glucose Transport by ROCKI1 Differs From That of ROCK2 and Is Controlled
by Actin Polymerization. Endocrinology (2012) 153:1649-62. doi: 10.1210/
en.2011-1036

Chun K-HK-H, Choi K-DK-D, Lee D-HD-H, Jung Y, Henry RR, Ciaraldi TP,
et al. In Vivo Activation of ROCK1 by Insulin Is Impaired in Skeletal Muscle
of Humans With Type 2 Diabetes. Am ] Physiol Endocrinol Metab (2011) 300:
E536-42. doi: 10.1152/ajpendo0.00538.2010

Kim YB, Nikoulina SE, Ciaraldi TP, Henry RR, Kahn BB. Normal Insulin-
Dependent Activation of Akt/protein Kinase B, With Diminished Activation
of Phosphoinositide 3-Kinase, in Muscle in Type 2 Diabetes. ] Clin Invest
(1999) 104:733-41. doi: 10.1172/JCI6928

Zabolotny JM, Haj FG, Kim Y-B, Kim H-J, Shulman GI, Kim JK, et al.
Transgenic Overexpression of Protein-Tyrosine Phosphatase 1B in Muscle
Causes Insulin Resistance, But Overexpression With Leukocyte Antigen-
Related Phosphatase Does Not Additively Impair Insulin Action. ] Biol
Chem (2004) 279:24844-51. doi: 10.1074/jbc.M310688200

Kusari J, Kenner KA, Suh KI, Hill DE, Henry RR. Skeletal Muscle Protein
Tyrosine Phosphatase Activity and Tyrosine Phosphatase 1B Protein Content
Are Associated With Insulin Action and Resistance. J Clin Invest (1994)
93:1156-62. doi: 10.1172/JCI117068

Kabuyama Y, Langer SJ, Polvinen K, Homma Y, Resing KA, Ahn NG.
Functional Proteomics Identifies Protein-Tyrosine Phosphatase 1B as a
Target of RhoA Signaling. Mol Cell Proteomics (2006) 5:1359-67.
doi: 10.1074/mcp.M600101-MCP200

Vinciguerra M, Foti M. PTEN and SHIP2 Phosphoinositide Phosphatases as
Negative Regulators of Insulin Signalling. Arch Physiol Biochem (2006)
112:89-104. doi: 10.1080/13813450600711359

Pinner S, Sahai E. PDK1 Regulates Cancer Cell Motility by Antagonising
Inhibition of ROCK1 by Rhoe. Nat Cell Biol (2008) 10:127-37. doi: 10.1038/
ncb1675

Bonora E. Relationship Between Regional Fat Distribution and Insulin
Resistance. Int ] Obes (2000) 24:32-5. doi: 10.1038/sj.ij0.0801274

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Mufioz, Gaspar, Severino, Macédo, Simabuco, Ropelle, Cintra,
da Silva, Kim and Pauli. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Immunology | www.frontiersin.org

June 2021 | Volume 12 | Article 702025


https://doi.org/10.1007/s12013-015-0598-4
https://doi.org/10.1056/NEJMp068177
https://doi.org/10.1056/NEJMp068177
https://doi.org/10.2337/db12-0339
https://doi.org/10.1002/jcp.23037
https://doi.org/10.2337/db08-0506.P.O.P
https://doi.org/10.1111/j.1748-1716.2009.02031.x
https://doi.org/10.1006/excr.2000.5046
https://doi.org/10.1006/excr.2000.5046
https://doi.org/10.1038/nrm1128
https://doi.org/10.1128/MCB.23.12.4219-4229.2003
https://doi.org/10.1016/j.cmet.2005.06.011
https://doi.org/10.1074/jbc.C900014200
https://doi.org/10.2337/diab.34.10.1041
https://doi.org/10.1530/eje.0.1470149
https://doi.org/10.1530/eje.0.1470149
https://doi.org/10.1172/JCI7961
https://doi.org/10.1002/jcp.26278
https://doi.org/10.1093/gerona/gly293
https://doi.org/10.1007/s12576-017-0559-3
https://doi.org/10.1002/jcb.26780
https://doi.org/10.1111/j.1440-1681.2007.04635.x
https://doi.org/10.1111/j.1440-1681.2007.04635.x
https://doi.org/10.1136/bmj.1.5291.1507
https://doi.org/10.1136/bmj.1.5291.1507
https://doi.org/10.1038/227680a0
https://doi.org/10.2337/diabetes.49.3.325
https://doi.org/10.1210/en.2011-1036
https://doi.org/10.1210/en.2011-1036
https://doi.org/10.1152/ajpendo.00538.2010
https://doi.org/10.1172/JCI6928
https://doi.org/10.1074/jbc.M310688200
https://doi.org/10.1172/JCI117068
https://doi.org/10.1074/mcp.M600101-MCP200
https://doi.org/10.1080/13813450600711359
https://doi.org/10.1038/ncb1675
https://doi.org/10.1038/ncb1675
https://doi.org/10.1038/sj.ijo.0801274
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Exercise Counterbalances Rho/ROCK2 Signaling Impairment in the Skeletal Muscle and Ameliorates Insulin Sensitivity in Obese Mice
	Introduction
	Materials and Methods
	Animal Characterization
	Maintenance of Animals
	Incremental Load Test to Determine the Exhaustion Velocity
	Experimental Groups and Exercise Protocol (Aerobic Training)
	Insulin Tolerance Test (ITT)
	Euthanasia of Animals
	Tissue Extraction, Homogenization, and Determination of Total Protein Content
	Immunoblotting – IB
	ROCK Activity Assay
	Quantitative Real-Time PCR
	Cell Culture
	Insulin Resistance Assay in C2C12 Myotubes
	ROCK Activity Inhibition and ROCK2 Transfection in C2C12 Myotubes
	Statistical Analysis

	Results
	Physiological Parameters
	ROCK2, Insulin Signaling and Glucose Metabolism Genes in Gastrocnemius Muscle of Trained Obese Mice
	In Vitro ROCK Inhibition and Overexpression in C2C12 Myotubes

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


