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[Purpose] Deleted in breast cancer 1 (DBC1) ablation
causes obesity, and stearoyl-CoA desaturase 1 (SCD1)
induces the biosynthesis of monounsaturated fatty
acids. This study examined whether voluntary wheel
running (VWR) alters SCD-1 and DBC1 protein levels
in the liver of leptin-deficient ob/ob mice.

[Methods] Twenty-five Ob/Ob mice were divided into
two groups (ob/ob-Sed and ob/ob-Ex). The expression
of DBC1 and SCD1 in the mouse liver was determined
using westem blotting.

[Results] After 10 weeks, VWR significantly reduced
body weight without affecting the fatty acid synthase
and CD36 protein levels. The average daily running
distance was 4.0+1.0 km/day. This improvement was
associated with changes in the hepatic SCD1 and
DBC1 levels. Hepatic SCD-1 protein levels increased
significantly, and DBC1 protein levels decreased in ob/
ob-Sed animals. On the other hand, VWR inhibited
the obesity-induced increase in SCD1 expression and
impaired the obesity-induced decrease in DBC1 ex-
pression in the liver of leptin-deficient ob/ob mice.

[Conclusion] This is the first study showing that VWR
has strong effects on hepatic SCD1 and DBC1 in ob/
ob mice, and provides key insights into the effects of
exercise on obesity.
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INTRODUCTION

Obesity is a growing health problem worldwide' and is associated
with insulin resistance and type 2 diabetes?®. An imbalance between
lipid storage and oxidation in the liver is important for the development
of obesity*. Stearoyl-CoA desaturase (SCD) is a rate-limiting enzyme
that catalyzes the biosynthesis of monounsaturated fatty acids and is a
key regulatory factor in body adiposity®. Loss of SCDI function protects
mice against adiposity®. Moreover, downregulation of SCD1 is an im-
portant component of the metabolic action of leptin in the liver”.

Exercise is widely accepted as a treatment for obesity. Regular ex-
ercise helps reduce body weight and fat levels, maintain body weight
and fat levels, and improve the metabolic fitness of obese people!. Vol-
untary exercise has beneficial effects beyond those of simple muscle
contractions. These include powerful neural feedforward signals to the
cardiovascular, respiratory, metabolic, and hormonal systems along with
neural feedback from contracting skeletal muscles®. Exercise-induced en-
hancement of substrate oxidation is essential for the treatment of obesity
because this condition is associated with impaired skeletal muscle lipid
utilization®. Increased SCDI activity via exercise might be protective
against excessive weight gain'®. A decrease in SCD-1 gene expression
is an important mechanism that converges with the proper regulation of
lipid metabolism by the liver''. However, the effects of voluntary wheel
running (VWR) on SCD1 expression in ob/ob mouse livers are unknown.
This study examined whether VWR alters SCD-1 and DBC1 protein lev-
els in the livers of leptin-deficient ob/ob mice.

METHODS

Animals
Mice were divided into the wild-type sedentary group (WT-SD; n=8),
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ob/ob sedentary group (ob-SD; n=15), and ob/ob + VWR
group (ob-EX group; n=10). The WT-SD and ob-SD groups
did not perform any exercises. All protocols were approved
by the Chungbuk National University Institutional Animal
Care and Use Committee (CBNUA-1357-20-01). Voluntary
wheel running (VWR) is an aerobic exercise. Five-week-
old male ob/ob mice (C57BL/6J background strain) were
obtained from Taconic (USA). Ob/ob mice (n=10) were
housed individually in cages with free access to running
wheels to monitor daily running activity (Lafayette Instru-
ments Neuroscience, USA) for a period of 9 weeks. The
average daily running distance was 4+1.0 km/day.

Voluntary wheel running system (aerobic exercise)

Western blot analysis

Proteins were isolated using lysis buffer (150 mM NaCl,
50 mM Tris-HCl, 5 mM EDTA, 1% Nonidet P-40, 0.5%
deoxycholate, and 1% SDS) with a protease inhibitor cock-
tail (Sigma, St. Louis, MO, USA) on ice for 1 h and then
centrifuged for 20 min at 13,000 xg. The supernatant was
collected, and protein concentrations were measured using
the Bradford method (Bio-Rad, Hercules, CA, USA). Pro-
teins were dissolved in the sample buffer and boiled for 5
min prior to loading onto an acrylamide gel. After SDS-
PAGE, the proteins were transferred to a polyvinylidene di-
fluoride membrane and blocked with 5% non-fat dry milk in
Tris-buffered saline containing 0.1% Tween-20 (TBST) for
60 min at room temperature. The membranes were incubat-
ed with the primary antibody for 2 h at room temperature.
Equal lane loading was assessed using an actin monoclonal
antibody (Sigma-Aldrich). After washing with TBST, the
blots were incubated with a 1:5000 dilution of horseradish
peroxidase-conjugated secondary antibody (Invitrogen,
Grand Island, NY, USA) and washed again three times with
TBST. The transferred proteins were visualized using an en-
hanced chemiluminescence detection kit (Amersham Phar-
macia Biotech).

Statistical analysis
Data are expressed as mean + SD, and statistical analysis
for single comparisons was performed using the Student’s

t-test. The criterion for statistical significance was set at P <
0.05.
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RESULTS

Effects of VWR on body weights in wild-type (WT)
and ob/ob mice.

Body weight increased significantly over the 9-week
period in all groups. At week 9, the body weight remained
higher in both ob/ob mouse groups than in the WT control
group. However, with voluntary wheel running, body weight
was lower in ob/ob mice than in sedentary ob/ob mice (WT-
SD vs. 0b-SD *P < 0.05, ** P <0.001, ob-SD vs. ob-EX # P
<0.05, ## P <0.001. Figure 2).
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Obesity induces SCD1 expression, and voluntary
exercise inhibits obesity induction of SCD1 expres-
sion in the liver of leptin-deficient ob/ob mice.

SCD1 is induced by obesity and has been implicated in
nonalcoholic fatty liver disease''®. However, there are no
reports of SCD1 behavior in response to voluntary exercise
in the livers of leptin-deficient ob/ob mice. The protein ex-
pression of SCD1 was significantly increased in the livers
of ob/ob mice compared with that in WT control mice. Vol-
untary exercise blocked obesity-induced increase in hepatic
SCD1 protein expression (WT-SD vs. ob-SD *P < 0.05, ob-
SD vs. ob-EX # P < 0.05. Figure 3).

Obesity reduces deleted in breast cancer 1 (DBC1)
expression, and voluntary exercise impairs the
obesity-induced decrease in Dbc1 expression in the
livers of leptin-deficient ob/ob mice.

DBCI1 limits the accumulation of adipose tissue fat and
plays an important role in the development of metabolic
syndrome'*. Moreover, DBCI ablation caused obesity by el-
evating SCD1" levels. Therefore, DBCI protein levels were
measured to determine whether the inhibition of SCD1 ex-
pression by voluntary exercise could be explained by DBCI.
As shown in Figure 4, DBCI protein levels were decreased
in the livers of ob/ob mice; these effects were attenuated by
VWR (WT-SD vs. ob-SD *P < 0.05, ob-SD vs. ob-EX # P <
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0.05). These results suggest that DBCI may be involved in
voluntary exercise-promoted inhibition of obesity-induced
SCD1 expression in the livers of ob/ob mice.

Effects of VWR on fatty acid synthase (FAS) and
cluster determinant 36 (CD36) protein levels in the
livers of leptin-deficient ob/ob mice.

FAS in the liver is important for de novo lipogeneis'®. In-
duction of CD36 expression is closely associated with obe-
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sity'. This study examined the effects of voluntary exercise
on FAS and CD36 protein expression levels. As shown in
Figure 5, voluntary exercise did not affect the obesity-induc-
tion of FAS and CD36 expression in the livers of leptin-de-
ficient ob/ob mice (WT-SD vs. ob-SD *P < 0.05.).
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DISCUSSION

This study examined why voluntary exercise improved
the body weight of leptin-deficient ob/ob mice. These re-
sults show that voluntary exercise inhibited obesity-induced
SCDI expression. In addition, VWR increased DBCI1 pro-
tein levels without affecting FAS or CD36 protein levels.

Exercise training has many metabolic benefits, including
plasma lipoprotein and triglyceride (TG) levels'®, and gly-
cemic control'™. Voluntary aerobic exercise prevents age-
and high-fat-induced vascular dysfunction, mitochondrial
oxidative stress, and inflammation in mice,? and improves
motor function and spinal cord plasticity?'. These benefits
could be preserved in those who exercise throughout their
lives. Therefore, an exercise program is an important inter-
vention option for reducing risk factors associated with obe-
sity. Many unknown exercise-mediated signaling networks
remain to be identified. From this perspective, SCD1 could
be the main target of voluntary exercise-induced signaling
pathways.

The ob/ob leptin deficiency genetic model was selected
because it represents a phenotype of severe obesity?2. To
the best of our knowledge, this is the first study to provide
evidence that voluntary exercise inhibits hepatic SCD-1
expression in ob/ob mice. DBCI levels were measured to
gain insights into how SCD-1 may be affected by voluntary
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exercise training. Dbcl ablation induces metabolic abnor-
malities mediated by SCD1 and hepatic sirtuin 1 (SIRT1)'.
The deacetylase activity of SIRT1 induces SCD1 expression
while DBC1 suppresses SCD1 by blocking SIRT1'5, In this
system, obesity-induced decrease in DBC1 expression was
attenuated by voluntary exercise. Cross-talk between volun-
tary exercise and SCD1 may involve an interaction between
DBCI and SIRT1. Voluntary aerobic exercise may affect
the SCD1/DBCI1/SIRT1 network, which may improve body
weight in obese individuals. Further studies are required to
elucidate this mechanism.

The FAS/SCDI1 axis plays a critical role in TG accumu-
lation?®. The finding that FAS and CD36 protein levels were
unaffected by voluntary aerobic exercise in ob/ob mice is
intriguing. This suggests that the body weight was higher in
the ob/ob exercise group than in the WT control group. In
this system, the main target of voluntary aerobic exercise is
hepatic SCD1 but not FAS.

Until now, little attention has been paid to the role of vol-
untary aerobic exercise training in obesity-induced SCD1/
DBCI signaling. These results indicate that voluntary exer-
cise plays a critical role in hepatic SCD1/DBC1 regulation
and improves body weight in leptin-deficient ob/ob mice.
This suggests that SCD1/DBC1 may be a key therapeutic
target for obesity and diabetes.
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