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We estimated the influence of plasmids with DNA carrying the neurotrophin-3 (NT-3) gene
on apoptosis in the gastrocnemius muscle and content of Ca?-ATPase in the latter after
sciatic nerve injury. Sixty adult Wistar rats were randomly divided into the saline (control)
and NT-3 groups. The related indices, such as expression of caspase-3 protein, the rate of
apoptosis in the muscle evaluated using a TUNEL technique, and the level of Ca*-ATPase
estimated using Western blot, were observed. Expression of caspase-3 protein was elevated
at different post-operative times after peripheral nerve injury; NT-3 expression and the rate
of muscle cell apoptosis decreased, whereas the level of Ca**-ATPase in the sarcoplasmic
reticulum increased; significant differences were observed compared with the saline group (P
< 0.05). The mitigation mechanism of NT-3 on muscle atrophy after peripheral nerve injury is
expressed as inhibition of caspase-3 gene expression, increase in the Ca**-ATPase level, and
reduction in the rate of muscle apoptosis.

Keywords: neurotrophin-3, peripheral nerve injury, muscle cell apoptosis, caspase-3,

Ca?-ATPase.

INTRODUCTION

Skeletal muscles suffer from muscle atrophy after
peripheral nerve injury because loss of the nutritional
support and wasting of the nerves, which severely
affect the recovery of the limb function [1]. Previous
experimental studies showed that passive exercise,
medication, and implantation of sensory neurons, as
well as some other measures, can prevent skeletal
muscle denervation-related atrophy to a considerable
extent; however, the experience of the respective
clinical applications is limited [2-4]. Muscle apoptosis
is a major cause of irreversible denervation-related
atrophy. Apoptosis can be inhibited and muscle
atrophy can be mitigated by early intervention or
effective treatments before neurological recovery;
this is a central approach in treating the results of
peripheral nerve injury [5, 6].

Muscle apoptosis is irreversible programmed cell death
induced by intracellular calcium overloading, excess of
free radicals, microcirculation obstruction, and some other
reasons. Moreover, apoptosis-related expression of protein
products of a few genes, such as caspase, Bcl-2, and p53,
also intensifies muscle apoptosis [7, 8].
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Many experimental results showed that the secretion
of neurotrophic factors is reduced after peripheral
nerve injury, and an exogenous neurotrophic factor 3
(neurotrophin 3, NT-3) promotes nerve regeneration
and protects against muscle atrophy [9, 10]. However,
the mechanism of such effects remains unclear.
Therefore, we used NT-3 in the experiment to treat
rats in a sciatic nerve injury model. The respective
indicators, such as caspase-3 expression, rate of
muscle cell apoptosis, and Ca?>*-ATPase level acting
on excitation-contraction coupling, were observed.
The protective mechanism of the effects of NT-3 on
the nerve post injury repairment and on the prevention
of muscle atrophy has been discussed.

METHODS

Animal Model and Grouping. Sixty healthy Wistar
rats provided by the Experimental Animal Center of the
Xinxiang Medical University were used. These were
males and females, with the body mass of 200 to 250 g
(animal license number 2008-0001 of SCXK, Henan).
The animals were anaesthetized by i.p. injection of 2%
sodium pentobarbital (30 mg/kg). The sciatic nerves
were exposed under an operation microscope, cut
off at 2 ¢cm from the sciatic nerve exit, and sutured
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into the surrounding muscles around the proximal
back. Distal ends of the nerves were ligated with a
10-0 microscopic suture. After random grouping, saline
or a solution containing 2 pl of plasmid DNA carrying
gene NT7-3 (concentration 1 pg/pl) were injected into
the m. gastrocnemius using a microsyringe (plasmid
DNA was synthesized and purified by the Beijing
Parkson Biological Engineering, China). The injection
needles were held for 2 min. All animals were routinely
reared separately after the operation.

Expression of Caspase-3. Gastrocnemius total
RNA was extracted under anaesthesia at post-
operative times of 2, 4, or 8 h and 1, 3, 7, 14, or
21 days (d), using the cell protein extraction kit (Sigma,
USA), and then amplified by a PCR reaction system
for gel electrophoresis. Caspase-3 primer sequences
(a caspase-3 upstream primer, 5’-AA G AA G ACC A
TA GCA AAA GGA, and a downstream G-3’ primer,
5’-CAC AAA GTG ACT GGA TGA ACC-3’,
an internal reference P-actin upstream primer,
5’-CCA A GG CCAACCGCG AG-AA GATG AC-37,
and a downstream primer, 5’-A GGGTA CA T
GGT GGT GCC GCC A GA C-3’), were used. The
gastrocnemius muscle was paraffin-embedded and
sectioned. Caspase-3 antibody was used for staining;
slices were mounted and observed under a light
microscope. Then, the slices were treated with 50 pl
of 10% goat serum (25°C) for 30 min, with 50 ul of
caspase-3 rabbit polyclonal antibody (concentration
1:200) overnight at 4°C, and with 50 pl of secondary
antibody (concentration of 1:150) for 20 min at 25°C.
This was followed by incubation with 50 pl of HRP-
labelled streptavidin for 10 min (25°C). The slices
were diaminobenzidine-coloured and hematoxylin-
restained; the cyto-immunoplasm of positive units
appeared brown-coloured. The caspase-3 protein
expression was determined by TJTY-300 Image
Analysis software.

Detection of Apoptosis in the M. Gastrocnemius.
Denervated gastrocnemius specimens were collected
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from each group, and paraffin 5-pm-thick sections
were prepared at post-operative 1, 4, and 8 weeks.
Fluorescent TUNEL assay was used to detect cell
apoptosis, in strict accordance with the instructions
of the TUNEL in situ apoptosis detection kit (Boster
Biological Engineering, China). The labelled positive
nuclei were brownish-yellow. The 10 selected non-
repeated fields of vision were obtained from each
slice to count positive cells, and the rate of apoptosis
(positive nuclei/total nuclei number - 100%) was
calculated. Average values were obtained for each
calculation.

Western Blot. Similar amounts of protein in the
gastrocnemius muscle samples were obtained 1, 2, 4, 6,
and 8 weeks after operation using gel electrophoresis
(Sigma, USA). The proteins were closed using
25 ml of blocking solution for 1 h at room temperature.
After the film was transferred, the first antibody was
added (incubation for 3 h). Subsequently, horseradish
peroxidase-labelled secondary antibody was added,
tableted, and punched. The expression of Ca*-ATPase
was detected using the corresponding chemical system.

Statistical Analysis. SPSS 13.0 software was used
for statistical analysis. Results are expressed below as
means + s.d. Mean values were compared between the
two experimental groups using the two-sample #-test.
Differences with P < 0.05 were considered statistically
significant.

RESULTS

Caspase-3 Gene Expression. The expression changes
after amplification of the products of caspase-3 gene
were subjected to agarose gel electrophoresis. The
productsinserted by N7-3 gene fragments were recycled
from hard gel, and the recovery product sequence was
verified by restriction of enzyme digestion, showing
clear bands of each target gene and internal reference
standard (Fig. 1).

Fig. 1. Caspase-3 expression in the saline control
group (A) and NT-3 group (B).

P u c. 1. Excnpecis xacna3u-3 y KOHTPOJIBHIH
rpymi (4) ta rpyni NT-3 (B).
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Caspase-3 protein expression somewhat increased
2 h after injury, but with no significant difference
between the control and experimental groups
(P >0.05). The expression continuously increased over
time. Meanwhile, the growth rate gradually declined
at post-operation d7. From h4, caspase-protein
expression in the NT-3 group became significantly
lower (P < 0.05) than that in the control group (Table 1;
Fig. 2).

Apoptosis Rate. Muscle cell apoptosis was
observed after one week in both groups with no
significant intergroup difference (P > 0.05). The
intensity of apoptosis significantly increased in the
control group in 4 and 8 weeks post-operation. The
irregular-shape cells appeared shrinked and exhibit-
ed a wrinkled nuclear membrane. Brown particles
were also observed in the nucleus. Meanwhile, the

A

numbers of positive cells in the NT-3 group were
significantly smaller than in the control (Fig. 3).
The gastrocnemius apoptosis rates in the two groups
4 and 8 weeks post-operation were 32.09 + 1.02 vs.
19.84 £ 0.63% and 41.67 £ 1.48 vs. 13.83 + 0.25%,
respectively. The means within the groups differed
from each other statistically significantly (P < 0.05).

Changes in the Ca?*-ATPase Content in the
M. Gastrocnemius. Ca*"-ATPase expression in the
muscle detected in the two groups was measured at
postoperative weeks 1, 2, 4, 6, and 8 after peripheral
nerve injury. The Ca*-ATPase levels in the control
group at weeks 1 and 2 did not significantly differ from
those in the NT-3 group. After 4, 6 and 8 weeks, the
enzyme expression in the NT-3 group was significantly
greater compared with that in the control group
(P <0.05).

B

F i g. 2. Caspase-3 expression observation on day 21 (x200). A) Control group; B) NT-3 group.

P u c. 2. Excnpecis kacniasu-3 Ha 21-it neHb y KoHTpoubHil rpymi (4) ta rpymi NT-3 (B).

Fig. 3. Observation of TUNEL-visualized muscle cell apoptosis on week 8 (x400). A) Control group; B) NT-3 group.

P u c. 3. Bigyami3amis amonto3y M’s30BHX KJIITHH Ha BOCBMHI THKICHD Y KOHTPOJBHIH rpymi (4) Ta rpyni NT-3 (B).
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T a b le 1. Expression of caspase-3 protein in two experimental groups (x + s.e.m.).

T a6 uu 4 l. Ekcnpecis npoTeiny kacmnasu-3 B JBOX €KCIIEPUMEHTAIBHUX PyTax.

Group h2 h4 | h8 d1 | d7 | di4 | d21
Control 0.427+0.031  0.5140.036  0.574+0.039  0.636+0.045  0.712+0.051  0.830£0.069  0.941+0.0075
NT-3 0.438+0.030  0.473£0.034*  0.506£0.037*  0.540£0.041*  0.608+0.046*  0.581£0.047*  0.460+0.037*

Footnotes: Caspase-3 protein expression in the two groups began to rise 2 h after injury; the intergroup difference at h2 was statistically
insignificant (P > 0.05). Caspase-3 protein expression of the NT-3 group demonstrated statistically significant differences from h4 after

operation compared with that in the control group (P < 0.05).

DISCUSSION

The skeletal muscle loses afferent nerve impulsation
and control after peripheral nerve injury, and this
results in muscle atrophy because of the absence/
decrease of neurotrophic factors in target cells.
Mikhail et al. [11, 12] found that NT-3 levels were
reduced within a 6 to 12 h interval after peripheral
nerve injury. After two weeks, the respective group
exhibited NT-3 levels eight times higher than that in
the control group. Administration of exogenous NT-3
could promote growth of neuronal axons and myelin,
thus maintaining afferent sensory neuronal survival
of muscle spindles, tendon receptors, and cutaneous
receptors, as well as promoting maturation of nerve-
muscle synapses and significantly delaying the effect
of skeletal muscle atrophy after nerve injury. However,
the exact mechanism of the action of NT-3 has not
been examined sufficiently and remains unclear.

Experimental results showed that Trk C is a specific
receptor of NT-3, which can achieve the expression
of its own signal molecules, such as neuronal Ca?"
channels and neurotransmitter receptors, and regulate
the functional state through rapid starting of a series
of signal transduction pathways. It promotes the
function of Ca*'-ATPase and prevents atrophy of
denervated skeletal muscles [12, 13]. Ca*-ATPase
is the major protein involved in the regulation of
Ca?" in the sarcoplasmic reticulum and cytoplasm,
thus forming the basis for contraction and relaxation
of skeletal muscle fibers [14, 15]. Peripheral nerve
injury induces an energy deficiency of Ca’-ATPase
in the skeletal muscle, in such a way decreasing the
absorption capacity for Ca*". Moreover, a large amount
of intracellular and mitochondrial Ca?" is accumulated,
which results in a decreased contractility of the
skeletal muscle; the respective mechanism, however,
remains unclear to great extent [16].

Our study showed that the level of gastrocnemius
Ca’?*-ATPase decreased significantly one week after
denervation, sarcoplasmic Ca?'-ATPase increased
significantly in the NT-3-treated group (as compared
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with that in the former group), and the contractile
function of the denervated skeletal muscle significantly
increased compared with those in the control group.
Findlay et al. [17] reported that NT-3 mRNA in a
denervated skeletal muscle is downregulated. NT-3
was found to enhance the formation and promote the
development of neuromuscular synapses. Regeneration
in a mixed culture after NT-3 was locally injected into
muscle cells in vitro was intensified, thus preventing
the effects of muscle atrophy. Sahenk et al. [18] proved
that NT-3 is abundant in skeletal muscles. Local
endogenous injection can enhance RNA expression in
advance, stimulate proliferation of myoblasts, promote
the formation of muscle tube fuse into muscle fibers,
and accelerate the repair process in the skeletal muscle.

It was found that increased caspase-3 expression
is involved in the regulation of apoptosis after spinal
cord injury. Caspase-3 was the most important
protease involved in the above process. NT-3 may
inhibit transcription of the caspase-3 gene, reduce pro-
apoptotic factors, and inhibit in such a way neuronal
apoptosis [19, 20]. However, many other apoptosis-
related proteins, such as the Bcl-2 family and P53
protein, were found [21, 22]. Our experiments showed
that caspase-3 gene transcription and the respective
protein expression level began to increase 2 h after
nerve injury. However, caspase-3 gene transcription in
the NT-3 group appeared to be significantly lower at
4 h, whereas the caspase-3 level in the control group
remained continuously high (differences between the
two groups were statistically significant; P < 0.05).
After application of exogenous NT-3 for 1 week, no
muscle cell apoptosis was observed in both control and
NT-3 experimental groups, and differences between
the gastrocnemius apoptotic rates in the 4 and 8 week
groups were significant (P < 0.05).

In our study, caspase-3 gene expression was
higher, anti-apoptotic factors were lacking, and
the Ca?-ATPase level decreased after nerve injury,
which was the major cause of muscle cell apoptosis.
Caspase-3 mRNA and protein expression increased
the proliferative capacity of skeletal muscle cells by
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NT-3 exogenous intervention, Subsequently, the Ca?'-
ATPase content increased (promoting skeletal muscle
contraction and, thereby, reducing the pro-apoptotic
factors and inhibiting muscle apoptosis). As a result,
post-denervation muscle atrophy was inhibited, and
nerve regeneration was promoted. However, muscle
atrophy still remained significant despite a sufficient
amount of exogenous NT-3. Thus, the lack of
neurotrophic factors was not the only cause of muscle
atrophy. A search for other reasons and mechanisms of
muscle atrophy will be the aim of our future studies.
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BIUIMBU IUIA3MIJI I3 TEHOM HEMPOTPO®IHY-3 HA
ATIOTITO3 MIOIIMTIB TA BMICT CA**-AT®A3u Y M’ 31
MMICJIA IMTOKOJXKEHHSA HEPBA V LIIYPIB

' Tlepiua gikapHs npu MeauunoMmy yHiBepcuteTi KciHKC siHB,
Beiixy (Kurait).

PeswwMme

Mu BuBuanu BminB miaasmia i3 JJHK, uro Hece ren Heliporpodi-
Hy-3 (NT-3), Ha anonTo3 MiOUHUTIB Y m. gastrocnemius Ta BMICT
Ca?-AT®a3u B 1pbOMY M’sI31 Miclis Tmepepi3aHHs CiIHUIHOTO
HepBa. 60 mopocnux uypiB miHil Bicrap Oynu panaoMizoBaHo
MoJiijieHi Ha KOHTPOJIbHY (BBeAeHHS (i3i0J0TiYHOTO PO3UHHY)
ta NT-3-rpynu. OuinioBaiu BiAMOBIIHI MOKa3HUKH — €KCIIpe-
cifo mpoTeiHy Kacmasu-3, piBeHb anonTo3y B M’s3i (3 BUKOpHUC-
tauassMm TUNEL-Meroauku) ta pies Ca*-AT®a3u (3 BHKO-
puctannusm Becrepu-6norunry). Excrnpecis 6inka kacmnasu-3 B
Pi3HI YacoBi iHTepBaJIHU MiCJs MOUIKOIKEHHs epudepruuHoro
HepBa Oyia migBuIIeHo0; ekcrpecis NT-3 ta piBeHb anonTosy
M’S30BUX KJIITHH Oyinu 3HMKeH], a BMicT Ca*-AT®asu B capko-
MJIa3MaTHIHOMY PETHUKYIYyMi — MiJABHIIEHUM. BiIMiHHOCTI KX
MMOKa3HUKIB HIOZ0 TAKUX Yy KOHTPOJIbHIH rpymi Oynu BiporigHu-
mu (P < 0.05). Obmexytroui BrnBu NT-3 Ha mpouec M’ s130B0i
aTpodil micas MOIIKOJPKEHHS Nepu(epuyHOro HepBa BUABIIA-
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JIUCh AK 1HTiOyBaHHA ekcmpecii reHa xacmasu-3, MigBHINCHHS

BMmicty Ca?’-AT®a3u Ta 3HUKCHHS IHTEHCHBHOCTI aronrosy B
.

M’ 31,
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