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Abstract: Purpose: To investigate whether mechanical load regulates LRP6 expression and whether different inten-
sities of treadmill exercise have different effects on LRP6 expression and the biomechanical properties of hindlimb
bones in Sprague-Dawley (SD) rats. Methods: Fifty-six three-month-old virgin female SD rats were randomly divided
into seven groups (n=8). Each group was subjected to tail suspension, free physiological activity or different intensi-
ties of treadmill exercise according to the experimental design for four or eight weeks. Rats were sacrificed after
the intervention based on experimental design, and fresh femurs, tibias and fibulas were harvested for molecular
biological analysis, biomechanical testing and micro-CT analysis. Results: LRP6 expression and the Wnt/B-catenin
pathway activity decreased, and bone mass and biomechanical properties decreased after loss of mechanical
stimulation. For disuse osteoporosis, even physiological activity could improve LRP6 expression, Wnt/[B-catenin
pathway activity, bone mass and biomechanical properties. Compared with physiological activity, treadmill exercise
had better and faster effects on bone recovery. Compared with the Low intensity Exercise Group (LE group), the
Medium intensity Exercise Group (ME group) and High intensity Exercise Group (HE group) had higher LRP6 expres-
sion, bone mass and biomechanical properties, while there were no significant difference between the ME group
and HE group. Conclusions: Mechanical load appears to be a regulator of LRP6 expression, and it further affects
the Wnt/B-catenin pathway activity and bone mass. The LRP6 expression, bone mass and biomechanical properties
gradually improve as treadmill exercise intensity increases, while there is no significant difference between the ME
group and HE group.
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Introduction

Disuse osteoporosis is a secondary osteoporo-
sis due to loss of mechanical load, such as
long-term weightlessness in space flight, long-
term bed rest due to fracture or motor paralysis
caused by spinal cord injury, which leads to
local or whole body bone loss [1-3]. Under con-
ditions of reduced stress stimulation, osteo-
clast resorption is enhanced, and osteoblast-
mediated bone formation is inhibited; thus,
bone remodeling activity is unbalanced, even-
tually leading to bone loss and fragility frac-
tures [4, 5].

The Wnt/B-catenin signaling pathway plays an
important role in bone metabolism, as it is in-
volved in osteoblast differentiation, prolifera-
tion, maturation and functional expression [6].
Furthermore, the Wnt/B-catenin pathway has
been determined to play a role in osteocyte
sensing and transducing mechanical stimuli to
other bone cells [7]. LRP6, LRP5 and Frizzled
protein together form a ternary complex that
acts as a receptor for the Wnt/B-catenin path-
way. To investigate the role of LRP5 in bone
responses to loading, Leanne Saxon et al. ana-
lyzed changes in tibias subjected to loading
or disuse in male mice with the LRP5 loss-of-
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function mutation (LRP57) with a heterozygous
LRP5 G171V High Bone Mass (HBM) mutation
(LRP5"8M*) [8]. The male WT(**) controls showed
significant strain-response curves for cortical
area and trabecular thickness, but the LRP5(7?)
mice showed no detectable strain-response in
those same outcomes, and the LRP5(7) mice
had greater loss in cancellous bone than the
WT(**) controls. In contrast, the tibias of male
(LRP5"BMY) mice showed greater osteogenic
responsiveness to loading and less bone loss
associated with disuse than their WT controls.
These results indicated that LRP5 plays an
important role in bone responses to mechani-
cal load. While LRP6 is also the component of
the Wnt pathway coreceptor, its role in the re-
gulation of the Wnt pathway by mechanical
stimulation still remains unclear.

There are many ways to induce disuse osteopo-
rosis animal models, such as local plaster fixa-
tion, spinal cord semi-transection, sciatic nerve
cutting and tail suspension. The tail suspension
method has obvious effects and causes no
harm to animals, which makes it an ideal meth-
od for long-term research. Lecoq et al. com-
pared the effect of bone loss in female rats
induced by hindlimb unloading and ovariecto-
my, and they found that hindlimb unloading
induced a greater degree of bone loss [9]. YC
Lau confirmed that hindlimb unloading for 14
days may result in significant bone loss in the
rat tibia [10].

Knowledge of microgravity- or disuse-induced
bone loss and the development of anti-cata-
bolic strategies that inhibit bone loss are im-
portant [11]. Physical activity and mechanical
load can increase bone formation and inhibit
bone resorption through complex mechanisms
involving mechanotransduction, without the
side effects of drugs [12, 13]. Many studies
have explored the impact of running on bone,
but the conclusion is still inconsistent. Many
studies suggest that moderate-intensity tread-
mill exercise can increase bone mass [12, 14].
Bourrin et al. found that high-intensity treadmill
exercise is not conducive to bone growth and
development. These authors found that strenu-
ous training in young rats reduces longitudinal
bone growth and induces bone loss [15, 16].
Other treadmill exercise studies have yielded
other conflicting or inconclusive results [17-20].
In the present study, we used the tail suspen-
sion method to induce hindlimb disuse osteo-
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porosis models. Disuse osteoporosis rats were
trained in different intensities of treadmill exer-
cise or just free physiological activity, and we
observed the effect of mechanical stimuli on
LRP6 expression and bone mass recovery. This
study preliminarily revealed the role of LRP6 in
mechanical loading in promoting osteogene-
sis.

Materials and methods
Animals and treatments

Healthy three-month-old female Sprague Daw-
ley rats were purchased from the Animal Center
of the Chinese Academy of Science and were
randomly divided into seven groups (8 rats/
group). The animals were housed under a 12-h
light/dark cycle and given ad libitum access to
food and water. The experimental design is
shown in Figure 1A. The first group of rats was
allowed to move freely in their cage, and they
were sacrificed four weeks after the start of the
experiment as the Control Four-week Group
(C4AW group). The rats in the second group were
tail-suspended for 4 weeks and then sacrific-
ed as the Suspension Four-week Group (S4W
group). The rats in the third group were allowed
to move freely in their cage for 8 weeks, as the
Normal activity Four week + Normal activity
Four week Group (NN group). The rats in the
fourth group were tail-suspended for 4 weeks
and then allowed to move freely in their cages
for 4 weeks, as the Suspension Four-week +
Normal activity Four week Group (SN group).
The rats in the remaining three groups were all
tail-suspended for 4 weeks and then trained
with relatively low, medium and high intensity
treadmill exercise, as the Low intensity Exercise
Group (LE group), Medium intensity Exercise
Group (ME group) and High intensity Exercise
Group (HE group), respectively. The treadmill
exercise was performed with a motor-driven
leveled treadmill that was equipped with elec-
trical stimulation to provide a stimulation
voltage 0.05~4 mA (Treadmill Exerciser ZH-PT,
Zhenghua Biologic Apparatus Facilities, Huai-
bei, Anhui, China). The velocity was 15 m/s, 25
m/s and 35 m/s for the LE group, ME group
and HE group, respectively [17-20]. For all
groups, the declination was 15°. Training was
divided into two 30-min sessions per day, 5
days/week for 4 weeks. The rats were sacri-
ficed after the intervention, and fresh femurs,
tibias and fibulas were harvested for molecular
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Figure 1. The experimental design (A) and LRP6 (B), B-catenin (C), c-myc (D)
and Runx2 (E) mRNA expression in each group relative to the NN group cal-
culated using the 222% method. a: P<0.05 compared with the NN group. b:
P<0.05 compared with the SN group. ¢: P<0.05 compared with the LE group.
d: P<0.05 compared with the ME group. e: P<0.05 compared with the HE

group.

biological analysis, biomechanical tests and
micro-CT analysis. The rats in the C4W group
and the S4W group were only subjected to the
biomechanical test and micro-CT analysis to
confirm the effect of tail suspension, and their
results were used as numerical references for
the other groups. All treatment procedures
were approved by the Ethics Committee of
Tianjin hospital.

Quantitative real-time PCR

After the marrow was flushed with DEPC-
treated water, the left tibias and fibulas were
immediately immersed in RNA storage reagent
and frozen with liquid nitrogen until use in
MRNA analysis. Total RNA was extracted from
tibias and fibulas using TriPure Isolation Rea-
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real-time PCR detection sys-
tem (Bio-Rad Laboratories,
Hercules, CA, USA) as follows:
denaturation at 95°C for 10
min, and 40 cycles of amplifi-
cation including denaturation
at 95°C for 10 s, annealing at
60°C for 20 s and extension
at 72°C for 15 s. The results
were analyzed by the compar-
ative Ct method of quantifica-
tion (224¢t method) [22].

Western-blot analysis

After the marrow was flushed

with normal saline, right tibias
and fibulas were crushed using a mortar and
pestle in liquid nitrogen. For total protein ex-
traction (LRP®), the lysates were collected in
ice-cold RIPA buffer (containing 1 yM peps-
tatin A, 1 mM lodo and 0.4 mM phenylmethyl-
sulfonyl fluoride). For nuclear protein extraction
(B-catenin), nuclear proteins were isolated from
the lysates using a Nuclear Extract Kit (Active
Motif, Carlsbad, CA). Total protein was quanti-
fied by a BCA assay, separated on a 12% sodi-
um dodecyl sulfate gel and transferred to an
Immobilon-PVDF membrane (Millipore, Bedford,
MA, USA). The membrane was blocked with 5%
nonfat dry milk in PBST for 2 h at room tem-
perature and then incubated with goat poly-
clonal anti-rat LRP6 antibody (Santa Cruz Bio-
technology, Santa Cruz, CA, USA) or B-catenin
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antibody (Abcam, Cambridge, United Kingdom)
(1:200 in 5% nonfat milk) for 2 h at room tem-
perature. After rinsing, the membranes were
incubated with rabbit anti-goat-horseradish
peroxidase secondary antibody (1:20000 in 5%
milk) for 1 h and were then developed with an
enhanced chemiluminescence reagent (Santa
Cruz Biotechnology, Santa Cruz, CA, USA).

Immunohistochemical staining

The right femurs were fixed in neutral buffered
formalin, decalcified with 10% EDTA and em-
bedded in paraffin. The sections were deparaf-
finized, and endogenous peroxidase activity
was inhibited by 3% H,0, treatment for 10
min. After pretreatment with 5% BAS at 37°C
for 30 min, the slides were incubated with
1:100 diluted goat polyclonal anti-rat LRP6
antibody or 1:200 diluted goat polyclonal anti-
rat B-catenin antibody at 4°C overnight. After
washing, the sections were incubated at 37°C
for 30 min with biotin-coupled secondary anti-
body (Santa Cruz Biotechnology, Santa Cruz,
CA, USA) and streptavidin-biotin complex dilut-
ed to 1:150. The color reaction was developed
with a 3, 3’-diaminobenzidine-tetrachloride kit
(DAB kit, Boster, Wuhan, China). The sections
were washed and counterstained with hema-
toxylin and observed with a Nikon Ni-E Digital
Image Analyzer.

Micro-CT analysis

The left femurs were harvested and frozen in
normal saline for micro-CT analysis and bio-
mechanical tests. Micro-CT scanning was per-
formed using a SIEMENS Inveon PET.SPECT.CT
(SIEMENS, Berlin, Germany) with energy set-
tings of 500 mA and 80 kV. The region of in-
terest (ROI) was defined as the region 100-250
slices away from the distal femoral growth
plate. The thickness of each slice was 17 pm.
The bone volume to tissue volume (BV/TV),
bone surface to bone volume (BS/BV), trabe-
cular thickness (Tb.Th), trabecular separation
(Tb.Sp) and trabecular number (Th.N) in the
ROI were calculated with the associated soft-
ware with 3D images reconstructed for visuali-
zation.

Biomechanical test

After micro-CT analysis, the femurs (femoral
diaphysis and neck) were subjected to biome-
chanical tests with the Electro-Force 3230
Material Testing System (BOSE, Minnetonka,
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MN, USA). The femur shaft was fixed between
two supporting points with a distance of 20
mm. A load was vertically applied to the femoral
midshaft in the middle of the supporting points
with a displacement speed of 0.01 mm/s at
100 Hz until the diaphysis fractured. Then, the
femurs were cut at the midshaft level for the
femoral neck biomechanical test. The femoral
diaphysis region was fixed using polymethyl-
methacrylate and was maintained in a vertical
posture. Then, the femoral head was loaded
with a vertical compression that was parallel to
the femur long axis with a speed of 0.01 mm/s
until the femoral neck fractured. The load-de-
formation curves were recorded automatically
to calculate the maximum load, stiffness, and
energy absorption.

Statistical analysis

All data are presented as the mean * SD. Sig-
nificant differences were determined by one-
way ANOVA followed by Dunnett’s test for post
hoc comparisons with GraphPad PrismV5.01.
P<0.05 was considered significant.

Results

Effects of tail suspension and treadmill ex-
ercise on LRP6, B-catenin, c-myc and Runx2
MRNA expression

As shown in Figure 1B, the rats in the SN group,
which were tail-suspended for 4 weeks and
then allowed to move freely in their cages for 4
weeks, exhibited decreased LRP6 mRNA expre-
ssion compared with the NN group (0.49-fold
vs 1.01-fold), though the difference was not
statistically significant. The rats in the LE group,
ME group and HE group, which were all tail-sus-
pended for 4 weeks and then trained with dif-
ferent intensities of treadmill exercise for 4
weeks, had dramatically increased LRP6 mRNA
expression (LE group 3.10-fold, ME group 6.57-
fold and HE group 4.63-fold) compared with the
NN group (P<0.05). The different intensities of
treadmill exercise had different effects on
LRP6 mRNA expression, and the differences
among the three groups were significant
(P<0.05).

As shown in Figure 1C, for the rats in the SN
group, the B-catenin mMRNA expression decrea-
sed compared with the NN group (0.56-fold vs
1.0-fold), though the difference was not statis-
tically significant (P>0.05). For the rats in the
LE group, ME group and HE group, B-catenin
expression dramatically increased (LE group
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Figure 2. LRP6-positive osteocyte distribution according to immunohistochemical staining in each group (A-E) and
Western blot analysis of LRP6 protein (F). (A) The NN group, (B) The SN group, (C) The LE group, (D) The ME group,

(E) The HE group. Original magnification x200.

2.63-fold, ME group 5.06-fold and HE group
4.21-fold) compared with the NN group (P<
0.05). The results showed that different in-
tensities of treadmill exercise had different ef-
fects on B-catenin mRNA expression, and the
differences among the three groups were sta-
tistically significant (P<0.05).

As shown in Figure 1D and 1E, for the rats in
the SN group, c-myc and Runx2 mRNA expres-
sion decreased compared to those in the NN
group (0.32-fold vs 1.0-fold, 0.34-fold vs 1.0-
fold, respectively), though the difference was
not statistically significant (P>0.05). For the
rats in the three treadmill exercise groups, the
c-myc mRNA expression (LE group 3.64-fold,
ME group 5.19-fold and HE group 5.99-fold)
and Runx2 mRNA expression (LE group 2.38-
fold, ME group 4.80-fold and HE group 4.11-
fold) dramatically increased compared to those
in the NN group (P<0.05). The c-myc and Runx2
MRNA expression in the ME group and the HE
group were higher than those in the LE group
(P<0.05), while the difference between the ME
group and the HE group was not statistically
significant (P>0.05).

Effects of tail suspension and treadmill exer-
cise on LRP6 protein expression

As shown in Figure 2A, the rats in the NN group
that were allowed to move freely in their cages
for 8 weeks showed significant positive ex-
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pression of LRP6, as detected by immunohis-
tochemical staining. For rats in the SN group
which had decreased LRP6 mRNA expression,
LRP6 protein expression was also significantly
reduced, as shown in Figure 2B. The increase
in LRP6 mRNA expression caused by treadmill
exercise resulted in an increase in LRP6-posi-
tive osteocytes in the three treadmill exercise
groups, and LRP6-positive osteocytes in the
ME group and HE group were more abundant
than in the LE group (Figure 2C-E). Consistent
with the results of gPCR and IHC, the LRP6 pro-
tein concentration in the SN group was the low-
est among the five groups, and treadmill exer-
cise improved the LRP6 protein concentration
(Figure 2F).

Effects of tail suspension and treadmill exer-
cise on the Wnt/B-catenin signaling pathway

LRP6 is a component of the Wnt/B-catenin
pathway receptor; when LRP6 expression var-
ies, the Wnt/B-catenin pathway may be accord-
ingly affected. The LRP6 expression decreased
due to hindlimb immobilization in the SN group,
and the number of (B-catenin-positive osteo-
cytes also decreased in the SN group com-
pared with the NN group (Figure 3A and 3B).
Furthermore, the percentage of B-catenin-po-
sitive osteocytes increased after treadmill exer-
cise, and B-catenin-positive osteocytes in the
ME group and HE group were more abundant
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Figure 3. B-catenin-positive osteocyte distribution by immunohistochemical staining in each group (A-E) and Western
blot analysis of B-catenin (F). (A) The NN group, (B) The SN group, (C) The LE group, (D) The ME group, (E) The HE

group. Original magnification x200.

than that in the LE group (Figure 3C-E). Con-
sistent with the IHC and qPCR results, the nu-
clear B-catenin protein concentration in the SN
group was the lowest among the five groups,
and treadmill exercise significantly improved
the nuclear B-catenin protein concentration
(Figure 3F).

Effects of tail suspension and treadmill exer-
cise on trabecular bone mass and structure of
distal femurs

Micro-CT analysis showed that after four weeks
of tail-suspension, the rats in the S4W group
had lower BV/TV, Tb.Th and Th.N levels and
higher BS/BV and Th.Sp levels than the age-
matched rats in the C4W group (Figure 4A-E,
P<0.05). The results confirmed the effect of the
tail suspension modeling method and can be
used as numerical references for other experi-
mental groups. Due to continued growth over
four weeks, the rats in the NN group had higher
BV/TV and Th.N levels and lower Th.Sp levels
than the rats in the CAW group (Figure 4A, 4D
and 4E, P<0.05). Compared with free physio-
logical activity (SN group), different intensities
of treadmill exercise significantly improved the
BV/TV, Tb.Th and Th.N levels and decreased
the BS/BV and Tb.Sp levels (Figure 4A-E, P<
0.05). After treadmill exercise, the rats in the
LE group still has lower BV/TV and Tb.N levels
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and higher Th.Sp levels than rats in the NN
group (Figure 4A, 4D and 4E, P<0.05). The rats
in the ME group and HE group had recovered
parameters relative to the NN group (Figure
4A-E, P>0.05). The rats in the ME group and
HE group had higher Th.N and lower Tb.Sp lev-
els than the rats in the LE group (Figure 4D and
4E, P<0.05), and the differences between the
ME group and HE group were not significant
(P>0.05). Figure 5 shows the representative
three-dimensional reconstructed images from
each group.

Effects of tail suspension and treadmill exer-
cise on biomechanical properties of femoral
diaphysis and neck

Four weeks of tail-suspension in the S4W group
resulted in significant reductions in maximum
load (-20.9%), stiffness (-18.4%), and energy to
maximum load (-29.9%) of the femoral diaphy-
sis and significant reductions in the maximum
load (-28.9%), stiffness (-26.3%), and energy to
maximum load (-37.6%) of the femoral neck
compared with the C4W group (Figure 6A-F,
P<0.05). Compared with the SN group, low in-
tensity treadmill exercise increased the stiff-
ness (+11.9%) of the femoral diaphysis, maxi-
mum load (+14.8%), stiffness (+13.4%), and en-
ergy to maximum load (+23.3%) of the femo-
ral neck (Figure 6B, 6D-F, P<0.05), although
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Discussion

In the present study, the tail
suspension method was used
to induce hindlimb disuse os-
teoporosis. A free physiology
activity group and three dif-
ferent intensity treadmill exer-
cise groups were established
to evaluate the changes in
LRP6 and Wnt/B-catenin pa-
thway expression, bone mass
and biomechanical properties
under different intensity me-
chanical stimulations. The re-
sults revealed that LRP6 ex-
pression, Wnt/[3-catenin path-
way activity, bone mass and
biomechanical properties de-
creased after losing mecha-
nical stimulation. For disuse
osteoporosis, even physiolo-
gical activity could improve

LRP6 expression and bone
mass. Compared with physio-
logical activity, treadmill exer-
cise had better and faster ef-
fects on bone recovery. Com-
pared with the LE group, the
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Figure 5. Representative 3D reconstruction images of the distal femur and
distal femoral growth plate.

the values did not reach the level of those in
the NN group (P>0.05). Among the three tre-
admill exercise groups, the ME group and HE
group had higher biomechanical properties
than the LE group in some parameters (Figure
6B, 6E and 6F, P<0.05), and the differences
between the ME group and the HE group were
not significant (P>0.05).
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ME group and HE group had
higher LRP6 expression, bone
mass and biomechanical pro-
perties.

The traditional view that bone
acts as a passive organ in
response to hormones and
diet has changed over the
past half-century, and it is
now considered a dynamic
adaptive organ that active-
ly responds to mechanical
needs [23, 24]. Mechanical
load causes increased strain-
related stimulation, induces
elevations in early markers
of bone formation, and reduc-
es osteoblastic-expressed regulators of osteo-
clasts [25, 26]. The low-density lipoprotein re-
ceptor-related protein (LRP) was identified by
Herz in 1988 and contains the same repeat
sequence as the LDL receptor [27]. LRP6, LRP5
and Frizzled protein together form a ternary
complex that is a coreceptor for the canonical
Wnt pathway. Once the LRP6/LRP5/Frizzled
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coreceptor is activated by mechanical load, it
then activates a downstream cascade react-
ion to allow B-catenin to enter the nucleus and
activate downstream target genes. There have
been many studies on LRP5, and it has been
proven to play an important role in bone metab-
olism and mechanotransduction. Though LRP6&
is similar in sequence and structure to LRP5,
there are also some differences between them.
However, there have been few studies on LRP6,
and the specific role and effect of LRP6 in me-
chanical regulation of bone metabolism remain
unclear. Takuo Kubota et al. studied bone phe-
notypes in mice harboring the LRP6 hypomor-
phic mutation ringelschwanz (rs). LRP6"/** mice
exhibited reduced trabecular BMD, low bone
volume, decreased trabecular number, and in-
creased urinary deoxypyridinoline excretion.
RANKL expression was increased in LRPG™/'
osteoblasts both in vivo and in vitro, and osteo-
clastogenesis and bone-resorbing activity in
vitro were accelerated in LRP6™ cells. These
results indicated that LRP6-mediated signal-
ing controls postnatal bone mass [28]. Chang-
jun Li deleted LRP6 in mature osteoblasts in
mice (LRP6 KO) and found that compared with
wild-type littermates, LRP6 KO mice had a sig-
nificant reduction in bone mass and osteobla-
sts, with higher percentage of apoptotic osteo-
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blasts at the bone surface, indicating that LRP6
in osteoblasts is essential for osteoblastic dif-
ferentiation during bone remodeling [29]. Travis
Burgers investigated the process of mid-diaph-
yseal femur fracture healing in LRP6*- mice
using micro-CT scans, biomechanical testing,
and histological analysis. LRP6"- mice had sig-
nificantly decreased stiffness and strength 28
days post-fracture and significantly decreased
BV/TV and immature bone density [30]. In the
present study, with tail suspension to induce
decreased mechanical load on the hindlimbs,
LRP6 expression was decreased, as was the
Wnt/B-catenin pathway activity. Treadmill exer-
cise dramatically increased LRP6 mRNA and
protein expression and also increased activity
of the Wnt/B-catenin pathway. As a preliminary
animal experiment, our results suggest a role
of LRP6 in mechanotransduction and the regu-
latory effect of mechanical load on LRP6. Fur-
ther research is needed to identify the role of
LRP6 in mechanotransduction and to explore
the specific mechanisms involved.

Wang et al. analyzed osteocyte strain ampli-
fication under static and cyclic loading with a
finite element study, and they found that the
strain amplification factor of the osteocyte-la-
cunar-canalicular system increased with incre-
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ased loading frequency and loading strain [31].
Following other scholars’ treadmill exercise de-
sign, we used the following parameters in the
present study: velocity of 15 m/s, 25 m/s and
35 m/s for the LE group, ME group and HE
group, respectively [12, 15, 21], which have dif-
ferent mechanical loading frequencies. It is
generally believed that the mechanical stimu-
lus has a threshold for bone; within the thresh-
old, exercise may increase bone mass and bio-
mechanical properties. Beyond this threshold,
exercise even does harm to bone. Many studies
suggest that moderate-intensity treadmill exer-
cise can increase bone mass [12, 14]. Bourrin
et al. found that high-intensity treadmill exer-
cise it is not conducive to bone growth and
development. In Bourrin’s research, 5-week-old
male Wistar rats were trained on a treadmill for
5 days per week for 11 weeks with 105 min/
day at a rate of 30 m/min with a 10° incline.
These results showed that compared with con-
trols, the bone volume and trabecular thick-
ness for primary and secondary spongiosa of
the tibia in trained rats significantly decreased
[15, 16]. In Starnes’s research, seven-month-
old female SD rats were trained on a treadmill
5 days/week for 5 weeks at a rate of 30 m/min
for 60 min at a 6° grade, and femurs were har-
vested for BMD and biomechanical testing.
These results showed that there was no dif-
ference between the trained rats and the con-
trols [20]. Our results showed that compared
with the LE group, the ME group and HE group
had higher LRP6 and Wnt/B-catenin pathway
expression and greater bone mass and bio-
mechanical properties. However, the difference
between the ME group and HE group was not
statistically significant. Other treadmill exercise
studies have yielded other conflicting or incon-
clusive results; these inconsistencies may be
due to the interactions between bone remodel-
ing and exercise depending upon the exercise
mode, intensity, duration, animal species and
skeletal age [17-19].

Our study has some limitations. The present
study preliminarily explored the effect of hind-
limb immobilization and different intensities of
treadmill exercise on LRP6 and Wnt/B-catenin
pathway expression. Only one time point was
chosen in the present study; a dynamic analy-
sis of LRP6 expression caused by hindlimb im-
mobilization and treadmill exercise will help us
to better understand the regulatory effects of
mechanical load on LRP6 expression. In addi-
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tion to biomechanical testing and micro-CT
analysis, dynamic histomorphometry should be
conducted in our future studies to fully under-
stand the action of hindlimb immobilization and
treadmill exercise. Finally, the sample size in
each group was not very large, thus the p value
between different groups may become larger in
statistical analysis. A larger sample size would
be more effective at verifying the conclusions.

In conclusion, mechanical load appears to be a
regulator of LRP6 expression, and it also affects
Wnt/B-catenin pathway activity and bone mass.
LRP6 expression, bone mass and biomechani-
cal properties gradually improve as treadmill
exercise intensity increases, while there is no
significant difference between the ME group
and HE group.
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