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Abstract

Background: Sclerostin, encoded by the SOST gene, has been implicated in the response to
mechanical loading in bone. Some studies demonstrated that unloading leads to up-regulated SOST
expression, which may induce bone loss.

Purpose: Most reported studies regarding the changes caused by mechanical unloading were only
based on a single site. Considering that the longitudinal bone growth leads to cells of different age
with different sensitivity to unloading, we hypothesized that bone turnover in response to un-
loading is site specific.

Methods: We established a disuse rat model by sciatic neurectomy in tibia. In various regions at
two time-points, we evaluated the bone mass and microarchitecture in surgically-operated rats
and control rats by micro-Computed Tomography (micro-CT) and histology, sclerostin/SOST by
immunohistochemistry, enzyme-linked immunosorbent assay (ELISA), and quantitative reverse
transcription polymerase chain reaction (QPCR), tartrate resistant acid phosphatase 5b (TRAP 5b)
by ELISA and TRAP staining, and other bone markers by ELISA. Results: Micro-CT and histo-
logical analysis confirmed bone volume in the disuse rats was significantly decreased compared
with those in the time-matched control rats, and microarchitecture also changed 2 and 8 weeks
after surgery. Compared with the control groups, SOST mRNA expression in the diaphysis was
down-regulated at both week 2 and 8. On the contrary, the percentage of sclerostin-positive
osteocytes showed an up-regulated response in the 5 - 6 mm region away from the growth plate,
while in the 2.5 - 3.5 mm region, the percentage was no significant difference. Nevertheless, in 0.5
- 1.5 mm region, the percentage of sclerostin-positive osteocytes decreased after 8 weeks, con-
sistent with serum SOST level. Besides, the results of TRAP also suggested that the expression in
response to unloading may be opposite in different sites or system.

Conclusion: Our data indicated that unloading-induced changes in bone turnover are probably
site specific. This implies a more complex response pattern to unloading and unpredictable
therapeutics which target SOST or TRAP 5b.
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Introduction

Mechanical stimulation is critical for the  to osteoporosis [2]. Investigation of the bone changes
maintenance of skeletal integrity and bone mass [1].  after substantial bone loss due to the long-term im-
Long-term immobilization incurred from various ac-  mobilization is of great clinical importance. It is well

cidents in the youth or other clinical conditions leads  accepted that many disorders of bone reflect an im-
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balance in the function of two cell types, osteoblasts
and osteoclasts [3].

Osteocytes, the third type of cell embedded in
mineralized bone matrix, are now believed to play
important roles in bone metabolism. Osteocytes are
far more abundant than either osteoblasts or osteo-
clasts [4]. Benefiting from extensive communication
networks by virtue of cytoplasmic dendrites within
bone, osteocytes make themselves ideal mecha-
nosensors [4, 5]. Sclerostin, coded by SOST gene, is an
osteocyte-specific cysteine knot-secreted glycoprotein
and a potent inhibitor of bone formation [6, 7]. Me-
chanical loading suppresses SOST expression and
increases bone formation [5, 8, 9]. Nevertheless, the
axial loading decreases sclerostin-positive osteocytes
and increases the new bone formation only in the
proximal tibia, but not the distal tibia [10]. Mean-
while, the effect of mechanical unloading on the SOST
expression is also controversial in different bone an-
atomic regions, even opposite [10-12].

Longitudinal bone growth in tibia proceeds from
distal to the growth plate, the cell age therefore varies
in the different anatomic sites even within a single
bone. Some reports indicated that age alters the bone
cell sensitivity to mechanical loading [13], and the
younger osteocytes are more sensitive to mechanical
stretching than older ones [14]. Thus, the bone turn-
over in response to mechanical unloading may also
vary in different sites. Therefore, we hypothesized
that mechanical unloading-related changes in bone
turnover are associated with anatomic regions.

Materials and methods

Animals and experimental design

Thirty-two 14-week-old male Sprague-Dawley
rats were divided randomly into two groups (n =
16/group): one group were subjected to bilateral sci-
atic neurectomy and subdivided into short-term dis-
use group (disused for 2 weeks; 2w-DIS, n = 8) and
long-term disuse group (disused for 8 weeks; 8w-DIS,
n = 8), the other group were subdivided into two
control groups (2w- and 8w-CTRL, n = 8/group),
matching the disuse groups, respectively. All experi-
ments were conducted with the approval of the
Shandong University Animal Care and Use Commit-
tee (Jinan, China).

At week 2 or 8 post-surgery, blood samples and
tibias were collected within 6 minutes. The proximal
tibias were fixed with 4% paraformaldehyde over-
night, and after snap frozen with liquid nitrogen, the
mid-diaphysis was kept in - 150 °C (SANYO,
MDFEF-1155, Japan) for quantitative real-time PCR. The
serum was collected and kept at - 80 °C.

Micro-CT analysis

The proximal tibia was scanned using micro-CT
(Skyscan 1172; Skyscan, Belgium) with an isotropic
voxel size of 8 um at energy settings of 80 kV and 80
pA, using aluminum filter of 0.5 mm. The images
were reconstructed using NRecon (Skyscan v. 1.6.8.0)
for two cancellous sites, 0.5 - 1.5 mm (Proximal) and
2.5 - 3.5 mm (Distal) distal to the growth plate of the
proximal tibias. Analysis of trabecular bone volume
fraction (BV/TV, bone volume/tissue volume), bone
surface density (BS/TV, bone surface/tissue volume),
bone surface/volume ratio (BS/BV, bone sur-
face/bone volume), and trabecular thickness, number,
and separation (Tb.Th, Tb.N, and Tb.Sp, respectively)
were performed in the cancellous bone using CTAn
(Skyscan v. 1.12.0.0). BV/TV was considered as a
primary variable. Three-Dimension (3-D) reconstruc-
tions were performed in the proximal tibias.

Histological analysis

After micro-CT, the proximal tibias were decal-
cified in 10% ethylene diamine tetraacetic acid
(EDTA) at 4 °C and embedded in paraffin. Four-pm
slices were sectioned on the coronal plane of tibia and
stained with hematoxylin-eosin (H&E).

Images were taken using LEICA microscope
(LEICA DM 4000 B) and imported into the analysis
software (Image-Pro Plus 6.0) to calculate BV/TV. To
evaluate disuse-induced changes in different sites,
BV/TV measurements in trabecula were conducted at
three regions: the proximal (0.5 - 1.5 mm) and distal
(2.5 - 3.5 mm) to the growth plate and the diaphysis
area (5 - 6 mm distal to the growth plate).

Tartrate resistant acid phosphatase (TRAP)
staining

Decalcified slices were stained for TRAP 5b us-
ing Acid Phosphatase, Leukocyte (TRAP) Kit (Sigma,
USA) following the manufacturer’s instruction. In the
primary spongiosa, 15 images were randomly taken
within a distance of 0.4 mm from the curvature of the
growth plate using 20x objective under LEICA mi-
croscope (LEICA DM 4000 B). The number of
TRAP-positive cells with more than 3 nuclei, osteo-
clast surface/bone surface (Oc.S/BS), and osteoclast
surface/osteoclast number (Oc.S/N.Oc) were ana-
lyzed [15, 16]. The corresponding analyses were also
performed in the secondary spongiosa.

Immunohistochemistry

Decalcified slices were probed with primary an-
tibody against sclerostin (10 pg/ml; R&D Systems,
USA) overnight at 4 °C. Detection was achieved by
using DAB kit (ZSGB-BIO) followed by counterstain-
ing with hematoxylin.
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Longitudinal bone growth results in cells with
different age in tibia, which lead to differential sensi-
tivity to disuse [12, 13]. To investigate the response of
osteocyte to the mechanical unloading in different
anatomic sites, the analysis of positive-staining oste-
ocytes was limited at three regions of tibia: the prox-
imal region (0.5 - 1.5 mm to the growth plate), the
distal region (2.5 - 3.5 mm to the growth plate), and
the diaphysis region (5 - 6 mm to the growth plate).
The numbers of sclerostin-positive (sclerostin+) oste-
ocytes, exhibiting brown staining, and scle-
rostin-negative (sclerostin-) osteocytes, exhibiting
blue staining, were separately counted. The percent-
age of sclerostin-positive osteocytes was calculated
out of the total number of osteocytes (sclerostin+ plus
sclerostin-) at the proximal, distal and diaphysis sites,
respectively.

ELISA analysis of serum markers

The serum levels of TRAP 5b, sclerostin/SOST,
C-terminal telopeptides of type I collagen (CTXx), re-
ceptor activator of nuclear factor-«p ligand (RANKL),
adiponectin, and vascular endothelial cell growth
factor (VEGF) were analyzed using commercial ELISA
kits according to the manufacturer’s instruction. Kits
for RatTRAP and RatLaps were bought from Immu-
nodiagnostic Systems Ltd; RANKL and sclerostin
from R & D Systems; adiponectin from Millipore
Corporation, and VEGF from Immuno-Biological
Laboratories Co. Japan. All samples were assayed in
duplicate.

Quantitative reverse transcription polymerase
chain reaction (qPCR)

The mid-diaphysis was removed from - 150 °C
and transferred into liquid nitrogen. The samples
were homogenized and the total RNA was extracted
using Trizol reagent (Ambion, Life technologies, USA)
and Trizol method according to the manufacturer’s
protocol. The cDNA was synthesized by a ReverTra
Ace qPCR RT Kit (Toyobo, Co., Ltd., Japan). The
cDNA products were subjected to Quantitative
RT-PCR using SYBR Premix Ex Tagq™ (TaKaRa Bio-
technology Co., Ltd.) and specific primers as follow-
ing: rat GAPDH, 5-GTCGTGGAGTCTACTGG
CGTC-3" (sense) and 5-GAAGTCACAGGAG

ACAACCTGG-¥ (antisense); rat SOST,
5-CAGCTCTCACTAGCCCCTTG-3" (sense) and
5-GTGTCATAAGGATGGTGGGG-3’ (antisense).

Relative quantification was calculated for each sample
using the “comparative CT method”[17].

Statistical analysis

All data were presented as mean value + SD.
Statistical evaluation between groups was performed
by Student’s t-test. These analyses were performed

using the GraphPad Prism 6.0 software program
(GraphPad Software Inc., CA, USA). P-value < 0.05
was considered statistically significant.

Results

Microstructure changes induced by
mechanical unloading

Two regions in the tibias, 0.5 - 1.5 mm (Proximal)
and 2.5 - 3.5 mm (Distal) from the reference line, were
analyzed (Fig. 1A). The transverse sectional images
showed that the trabecula of the proximal site in the
disuse groups was fine, short, and loosely arranged,
especially in rats disused for 2 weeks (Fig.1B). Simi-
larly, the trabecula of the distal site was markedly less
in disuse groups than in control groups. Remarkably,
the trabecula in the 2w-disuse group hardly existed,
while the trabecula in the 8w-disuse group had a sig-
nificant increase compared with that 2 weeks after
operation (Fig.1C). Likewise, the 3-Dimension recon-
structions of the proximal tibias showed the fine tra-
becular bones were loosely arranged in the disuse
groups, particularly in 2w-disuse group (Fig.1D).

To quantify the changes of bone volume and
microarchitecture, bone volume fraction (BV/TV, Fig.
2A), bone surface density (BS/TV, Fig. 2B), bone sur-
face/volume ratio (BS/BV, Fig. 2C), trabecular thick-
ness (Tb. Th, Fig. 2D), trabecular number (Tb. N, Fig.
2E), and trabecular separation (Tb.Sp, Fig. 2F), were
analyzed. Two weeks post-surgery, BV/TV values in
both cancellous sites were significantly lower than
those in the control groups (Fig.2A). At week 8,
BV/TV in disuse rats was also lower than that in
time-matched control rats (Fig. 2A). Therefore, me-
chanical unloading resulted in the bone loss in both
disuse groups. However, it was somewhat surprising
that an increase of BV/TV in 8w-disuse group was
detected compared with that of 2w-disuse group
(Fig.2A). Compared with the time-matched control
group, Tb.N in the 8w-disuse group showed no sig-
nificant difference, Tb.Th was significant decreased,
and Tb.Sp had detectable but, insignificant, increase
(Fig. 2D & 2E & 2F).

Histomorphometric analysis

We then analyzed BV/TV longitudinally in the
tibia using histomorphometry. The BV/TV values in
controls showed distance-dependent decline from the
reference line (Fig. 1A) (Fig. 3D, E & F, note the Y-axes
not to the same scale). Disuse led to significant, dis-
tance-dependent, reductions in BV/TV values at all
three sites at week 2. The recoveries of the BV/TV
values in the following 8 weeks were also dis-
tance-dependent, significant at both proximal and
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distal sites, but none at diaphyseal site. However, the
BV/TV values in both disused groups still remained

A

Reference line

Wire
Proximal site | IR AR {]

Distal site

significantly lower than those in the corresponding
controls.

Figure 1. Representative micro-Computed Tomography (micro-CT) images of the proximal and distal tibia from Sprague-Dawley rats disused
(DIS) or control (CTRL) at week 2 (2w) and 8 (8w). (A) lllustration of the proximal site (Proximal) and distal site (Distal) studied, 0.5 - 1.5 mm and 2.5 - 3.5
mm from the reference line, respectively, (B) transverse sectional images of the proximal site, (C) transverse sectional images of the distal site, and (D) representative
3D reconstructions in the proximal tibias. The cross-section images (B, C) and 3D reconstructions (D) show significant bone loss by disuse compared with controls.
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Figure 2. Trabecular structural parameters quantified by micro-CT in the proximal (0.5 - 1.5 mm) and distal (2.5 - 3.5mm) sites (see Figure 1
legend) on tibia in rats, disused (DIS) or control (CTRL) at week 2 (2w) and 8 (8w). (A) bone volume fraction (BV/TV), (B) bone surface density (BS/TV),
(C) bone surface/volume ratio (BS/BV), (D) trabecular thickness (Tb.Th), (E) trabecular number (Tb. N), and (F) trabecular separation (Tb.Sp). * vs. time-matched
control, # vs. 2w-disuse, and & vs. 2w-control. Significant differences are marked: *, & or # P < 0.05; ** or ## P < 0.01; *** or ### P < 0.001.
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Figure 3 Representative hematoxylin and eosin stained (H&E stain; 10x) histological images of the tibia from Sprague-Dawley rats, disused
(DIS) or control (CTRL) at week 2 (2w) and 8 (8w), and quantification of BV/TV. Trabecular images and BV/TV of longitudinal sections were collected at
three regions: the proximal (0.5 - 1.5 mm) (A, D) and distal (2.5 - 3.5 mm) (B, E) to the growth plate & the diaphysis area (5 - 6 mm) distal to the growth plate) (C,
F). Bar = 200 um. * vs. time-matched control, # vs. 2w-disuse. Significant differences are marked: * or # P < 0.05; *** P < 0.001.

Changes of osteoclasts

In controls, the number of TRAP-positive mul-
tinucleated (23 nuclei) osteoclasts in primary spongi-
osa was age-independent. Disuse caused no change in
the number of TRAP-positive osteoclasts at week 2
and small, but significant increase at week 8 (Fig. 4B).
However, it caused dramatic elevation of Oc.S/BS
and Oc.S/N.Oc in both disuse groups, independent of
age (Fig. 4C-D).

In the secondary spongiosa, the results were
different from that in the primary spongiosa. The
morphology found the osteoclasts in the 2w-disuse
group were larger, well spread and contained more
cytoplasm (purple area) than the control groups and

8w-disuse group, in which osteoclasts were small and
thin (Fig. 4E). The quantitative analyses indicated that
the number of osteoclasts in the secondary spongiosa
was significantly lower in the 8w-disuse group than in
the 2w-disuse group (Fig. 4F). At week 2 post-surgery,
the values of Oc.S/BS and Oc.S/N.Oc were dramati-
cally increased compared with the corresponding
control and 8w-disuse groups, although the number
of osteoclast showed no changes relative to the
time-matched control group (Fig. 4F, G, H).

The percentage of sclerostin-positive
osteocytes

At the proximal site (0.5 - 1.5 mm to the growth
plate), the percentage of sclerostin-positive osteocytes
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in the controls was age-dependent, significantly
higher at week 8 than week 2. Disuse led no change at
week 2, but significant reduction at week 8, compar-
ing with the corresponding controls (Fig. 5A & C). At
the distal site (2.5 - 3.5 mm to the growth plate), disuse
caused no significant changes in the percentage of
sclerostin-positive osteocytes at both week 2 and 8
(Fig. 5D, representative images not shown). At the
diaphyseal site (5 - 6 mm to the growth plate), the
percentage of sclerostin-positive osteocytes was sig-
nificantly raised in both 2w- and 8w-disuse groups
compared with their corresponding controls (Fig. 5B
& E).

Bone turnover markers in serum
TRAP 5b is proposed to serve as a marker of

Primary spongiosa

bone resorption [18]. Serum TRAP level remained
unchanged over time in control rats and was not im-
pacted by short-term disuse (2 weeks), but dropped
dramatically by long-term disuse (8 weeks) (Fig. 6A).

Similar to TRAP, serum SOST/sclerostin level
remained steady over time in control rats and was not
influenced by short-term disuse (2 weeks), but re-
duced significantly by long-term disuse (8 weeks)
(Fig. 6B).

CTx, a degradation product of bone collagen, is a
reliable marker of the resorbing activity of osteoclasts
[19]. CTx level remained steady in control rats be-
tween weeks 2 and 8, but was dramatically elevated
by disuse at week 2, and recovered to normal level at
week 8 (Fig. 6C).

Secondary spongiosa
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Figure 4. TRAP-positive osteoclasts in the primary and secondary spongiosa (20x%), disused (DIS) or control (CTRL) at week 2 (2w) and 8 (8w).
Representative images (A), the number of TRAP-positive cells (per 20x magnification) (B), osteoclast surface/bone surface (Oc.S/BS) (C), and osteoclast sur-
face/osteoclast number (Oc.S/N.Oc) (D) in the primary spongiosa. Representative images of secondary spongiosa (E): the TRAP positive cells (arrows) in 2-week-
disuse group were larger and more cytoplasm than 8-week-disuse, while TRAP positive cells in control and 8-week-disuse groups were thin. The number of
TRAP-positive cells (F), Oc.S/BS (G) and Oc.S/N.Oc (H) in the secondary spongiosa. Bar = 100 um. *vs. time-matched control; # vs. 2w-disuse; *or # represents

P<0.05; ** stands for P<0.01; *** represents P<0.001
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RANKIL, a vital factor of osteoclastogensis and
bone resorption, is expressed on numerous cell types,
such as T and B lymphocytes, osteoblasts, and osteo-
cytes [20-22]. It is the only factor covered in this study
that declined with age in control rats. But it was dra-
matically decreased by disuse at week 2, and recov-
ered to similar level with the corresponding control in
8 weeks. (Fig. 6D).

In addition, we also measured the serum levels
of adiponectin and VEGF. Adiponectin has been
identified in osteoblasts and osteoclasts, but the ef-
fects of adiponectin on bone mechanism still remain
unclear [23]. VEGF is a promoter for osteoblast dif-
ferentiation and bone mineralization [24]. In current
study, the serum levels of both adiponectin and VEGF
had no significant changes over time and were not
impacted by disuse (Fig. 6E & 6F).

Disuse lowered SOST mRNA expression in
tibia diaphysis

SOST mRNA levels in mid-diaphysis of tibia
were significantly lower at both weeks 2 and 8 after
the neuronal injury than those in the time-matched
control rats. (Fig. 6G).

Discussion

Disuse is one of the major causes of osteoporosis
in long-term bed-resting patients. Sciatic neurecto-
my-induced disuse is used to imitate the situation in
patients with immobilization. According to our data
from micro-CT scanning and H&E staining, reduced
mobility due to sciatic neurectomy resulted in de-
creased bone volume at both the proximal and distal
areas after 2- and 8-week operation. Interestingly, the
bone volume did not gradually decrease with the
time. Instead, the bone volume and the trabecular
number in 8-week-disuse group were significantly
increased compared with the 2-week disuse rats, alt-
hough the trabecular thickness was still thin. The
reason why the bone volume dropped at week 2 and
became higher at week 8 might be that the combined
effects of the paralysis of hindlimb after the neuronal
injury and surgical injury caused more bone loss in
the short period (2 weeks). Once wound got healing,
body weight-bearing and partially returned move-
ment resulted in a partial recovery of bone volume at
8 weeks. VEGF levels in 8w-disuse rats also indicated
an increase tendency compared with that in
2w-disuse rats. In general, in the view of the micro-CT
scanning and histological analysis, it is clear that the
mechanical unloading resulted in the bone loss and
bone destruction.

SOST gene expression is altered by mechanical
unloading, whereas the results in previous references
are diverse and paradoxical [5, 10-12]. We analyzed

SOST expression at several anatomic sites by different
methods. We found that SOST expression is not con-
sistent in different regions, even within a single bone.
This discrepancy indicates that osteocytes from dif-
ferent anatomic sites show different response to the
same disuse [11]. In a mechanical loading study,
loading engendered sclerostin-positive osteocytes
decreased in the proximal but not the distal of tibial
shaft, while loading decreased sclerostin-positive os-
teocytes in trabecular bone of the proximal secondary
spongiosa but not the primary spongiosa [10]. One
possible explanation for such variability in response
at different anatomic regions is that due to the longi-
tudinal curvature of the tibia, the mechanical strain
results in the different loading capabilities along with
proximal and distal regions. Previously, an axial
loading induced different strain distribution within a
single tibia [10]. Another possible reason is that SOST
expression might be dependent on osteocyte age.
These mature male rat tibias are still growing longi-
tudinally [11]. According to the different distance
away from the growth plate, osteocyte age varies even
within a single bone. It has been observed in several
experiments that osteocytic sclerostin  posi-
tive-staining locates in mature osteocytes, while
younger osteocytes show no expression of sclerostin
[5, 25]. However, this doesn’t mean that older osteo-
cytes are more active in sclerostin synthesis. Younger
osteocytes with active synthetic activity are more
sensitive to mechanical strain than the older counter
parts [12, 26]. Meanwhile, in the control groups, the
sclerostin (+) osteocytes (%) on the proximal site after
8 weeks is significantly increased compared with that
after 2 weeks. That indicated that besides anatomic
sites specificity, osteocytic SOST expression correlates
with age.

TRAP 5b is produced mostly by osteoclasts.
Growing evidence suggests that serum TRAP 5b re-
flects the number of osteoclasts rather than their ac-
tivity [27, 28]. In our present study, serum TRAP 5b
value had no significant change at week 2
post-surgery, while decreased significantly 8 weeks
after disuse. The tendency of serum TRAP 5b level
was similar to the results of the number of osteoclasts
in the secondary spongiosa. However, in the primary
spongiosa, the absolute number of osteoclasts in the
8w-disuse group increased slightly compared with
the control group. This might imply that the levels of
serum TRAP 5b was more likely to reflect the number
of osteoclast in the secondary spongiosa. Beside the
different pattern on the number of osteoclasts, the
values of Oc.S/BS and Oc.S/N.Oc were also incon-
sistent between the primary spongiosa and secondary
spongiosa. The primary spongiosa is formed just close
to the growth plate following the resorption of calci-
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fied endochondral cartilage, and the secondary spon-
giosa develops from primary spongiosa [29]. The
patterns of longitudinal bone growth and remodeling
on the cancellous bone determine that the mechanical
unloading has different effects on the changes of os-
teoclasts between the primary and secondary spon-
giosa. In current study, this difference of TRAP results
indicates anatomic site specific effect induced by un-
loading or disuse.

According to micro-CT data and histomor-
phometry analysis, mechanical unloading resulted in
the bone loss, especially at week 2 post-surgery.
However, the serum TRAP 5b level in 2w-disuse
group was not significantly increased. Therefore, it
might imply that the osteoclasts in the 2w-disuse
group are substantially more active. CTx is a reliable
marker of the resorbing activity of osteoclasts [30]. In
our study, the serum CTx level was significantly
higher in the 2 week-disuse group than other groups.
This lends further support for more severe bone de-
struction at week 2 after surgery.

There were some limitations in our current
study. Significant bone loss after mechanical unload-
ing starts after 2 weeks [31, 32]. In order to better
simulate the clinic osteoporosis with substantial bone
loss over time, we analyzed the bone loss at weeks 2
and 8 after disuse. However, the impact of surgery
injury healing could not be addressed. Given that
most previous studies were investigated on early
phase after sciatic neurectomy, the current study may
provide a suggestion that the wound healing should
be considered for the long-term research. Addition-
ally, more markers about bone formation should be
considered in future study, even though the objective
is to explore the osteoporosis.

In summary, our data revealed that mechanical
unloading-induced changes in bone turnover are site
specific and might be correlated with age. It might
imply that the different anatomic sites have different
sensitivity to mechanical unloading. Our findings will
be useful to investigate the development and thera-
peutics of osteoporosis caused by inactivity. Howev-
er, the mechanism still remains unclear, e.g. how
sclerostin exerts its action during mechanical signal
transduction.
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