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Abstract The study was focused on time-dependent expres-
sions of paired-box transcription factor 7 (Pax7) and myoblast
determination protein (MyoD) during skeletal muscle wound
healing. An animal model of skeletal muscle contusion was
established in 40 Sprague-Dawley male rats. Samples were
taken at 1, 3,5,7,9, 13, 17, and 21 days after injury, respec-
tively (five rats in each posttraumatic interval). Five rats were
employed as control. By morphometric analysis, the data
based on the number of Pax7 /MyoD, Pax7"/MyoD", and
Pax7 /MyoD" cells were highly correlated with the wound
age. Pax7 and MyoD expressions were upregulated after in-
jury by Western blot and quantitative real-time PCR assays.
The relative quantity of Pax7 protein peaked at 5 days after
injury, which was >1.13, and decreased thereafter. Similarly,
the relative quantity of MyoD mRNA expression peaked at
3 days after injury, which was >2.59. The relative quantity of
Pax7 protein >0.73 or mRNA expression >2.38 or the relative
quantity of MyoD protein >1.33 suggested a wound age of 3
to 7 days. The relative quantity of MyoD mRNA expression
>2.02 suggested a wound age of 1 to 7 days post-injury. In
conclusion, the expressions of Pax7 and MyoD are upregulat-
ed in a time-dependent manner during skeletal muscle wound
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healing, suggesting that Pax7 and MyoD may be potential
markers for wound age estimation in skeletal muscle.
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Introduction

Satellite cells are essential for muscle regeneration which is
the key event in muscle healing [1, 2]. Upon muscle injury,
satellite cells are activated, driven out of their quiescent states,
and start to proliferate. Proliferating satellite cells, termed
myogenic precursor cells or myoblasts, then stop their prolif-
eration, undergo differentiation into myocytes, and fuse either
with each other or damaged myofibers to repair injured mus-
cle [3, 4]. While forming myotubes, a portion of satellite cells
self-renew and eventually return to a quiescent state as satellite
cells to respond to the next round of muscle injury and repair
[5, 6]. Accumulated evidence demonstrates that the paired-
box transcription factor 7 (Pax7) is a well-established marker
for satellite cells in both the quiescent and activated states [2,
7-10], and its expression is sharply downregulated before
differentiation [7]. Myoblast determination protein (MyoD)
is expressed early in myogenesis to initiate proliferation of
satellite cells and marks the proliferated and differentiated
satellite cells [2, 8]. The interactions of Pax7 and MyoD de-
termine satellite cell fate and contribute to maintaining the
balance between satellite cell differentiation and self-renewal,
which is required for muscle homeostasis [9]. Pax7 and MyoD
specify the myogenic status of satellite cells as quiescent
(Pax7"/MyoD"), activated/proliferating myoblasts (Pax7"/
MyoD"), or differentiated (Pax7 /MyoD") followed by cell
fusion to form generated multinucleated myotubes [2, 7—10].
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We speculated that dynamic expressions of Pax7 and MyoD
may be closely related to wound age.

Wound age estimation is one of the most important tasks in
the forensic practice [11-14], and most of the studies in the
field are conducted using skin specimens in mice and human
[14-20]. Only a few studies are reported on wound age esti-
mation in skeletal muscles in which the markers cover the
cannabinoid CB, receptor [21], troponin I [22], and «7 nico-
tine acetylcholine receptor [23]. In the present study, we in-
vestigated the dynamic expressions of Pax7 and MyoD to
provide preliminary insight to wound age estimation in skel-
etal muscles.

Materials and methods
Animal model of skeletal muscle contusion

All animal protocols were conformed to the “Principles
of Laboratory Animal Care” (National Institutes of
Health publication no. 85-23, revised 1985) that sought
to minimize both the number of animals used in a pro-
cedure and any suffering that they might experience and
were performed according to the Guidelines for the Care
and Use of Laboratory Animals of China Medical
University. A reproducible muscle contusion model in
rats was described previously [21, 24, 25]. Briefly, adult
Sprague-Dawley male rats, weighing 300-320 g, were
anesthetized by intraperitoneal injection with 2 % sodi-
um pentobarbital (30 mg/kg). The right hindlimb was
positioned on a board in a prone position by extending
the knee and dorsiflexing the ankle to 90°. A single
impact at velocity of 3 m/s was delivered to the gas-
trocnemius and soleus of the right posterior limb. The
size of impact interface of the counterpoise (weighing
500 g) was 1.127 cm?®. After injury, each rat was
housed individually and kept under a 12-h light-dark
cycle. The rats were fed with commercial rat chow
and water ad libitum. All rats were killed by intraperi-
toneal injection of a lethal dose of pentobarbital
(350 mg/kg) at 1, 3, 5, 7, 9, 13, 17, and 21 days
post-trauma (five rats at each posttraumatic interval).
Gastrocnemius was taken and equally divided into two
blocks. One block was used for morphological evalua-
tion, and another was used for molecular biological as-
says. For the five control rats, gastrocnemius was har-
vested after anesthetization with an overdose of pento-
barbital. No bone fracture was detected at dissection.

Tissue preparation and immunofluorescence microscopy

The skeletal muscle specimens were fixed in 4 % paraformal-
dehyde in phosphate-buffered saline (pH 7.4) and embedded
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in paraffin, followed by being sectioned at a thickness of
5 um. The dynamic distribution of satellite cells in different
myogenic status with extension of wound age was detected by
localization of Pax7 and MyoD. Briefly, deparaffinized sec-
tions were blocked with 5 % normal donkey serum (Jackson
ImmunoResearch, PA, USA). Then, the sections were incu-
bated with rabbit anti-Pax7 polyclonal antibody (pAb) (dilu-
tion 1:100; sc-25409, Santa Cruz Biotechnology, CA, USA)
and mouse anti-MyoD monoclonal antibody (mAb) (dilution
1:50; sc-71629, Santa Cruz Biotechnology, CA, USA) over-
night at 4 °C. Thereafter, the sections were incubated with
Alexa Fluor” 488 donkey anti-rabbit IgG (dilution 1:200;
A21206, Invitrogen, CA, USA) and Alexa F luor” 594 donkey
anti-mouse IgG (dilution 1:200; A21203, Invitrogen, CA,
USA) at room temperature (RT) for 2 h; the nuclei were coun-
terstained with Hoechst 33258. Normal rabbit or mouse IgG
was used instead of primary antibodies as negative control.
The sections were mounted and observed under a fluorescence
microscope. The immunofluorescent images were digitally
merged. In addition, hematoxylin—ecosin (H-E) staining was
conventionally conducted.

For positive cell number evaluation, ten microscopic fields
were randomly selected at 400-fold magnification in the
contused zone in each section, and the number of Pax7"/
MyoD™, Pax7 /MyoD", or Pax7 /MyoD" cells was calculated
in each microscopic field. The average number of the ten
selected microscopic fields was evaluated in each wound
specimen. All measurements and data analysis were per-
formed independently by two pathologists.

Protein preparation and immunoblotting assay

The skeletal muscle samples were ground into powder with
liquid nitrogen using a grinder and homogenized with a
sonicator in RIPA buffer (sc-24948, Santa Cruz
Biotechnology, CA, USA) containing protease inhibitors at
4 °C. Homogenates were centrifuged at 12,000xg for 30 min
three times at 4 °C, and the resulting supernatants were col-
lected. The protein concentrations were determined using the
bicinchoninic acid method. Aliquots of the supernatants were
diluted in an equal volume of 6% electrophoresis sample buffer
and boiled for 5 min. Protein lysates (30 pg) were separated
on a 12 % sodium dodecyl sulfate-poly-acrylamide electro-
phoresis gel and transferred onto polyvinylidene fluoride
membranes (Millipore, Billerica, MA, USA). After being
blocked with 5 % non-fat dry milk in Tris-buffered saline-
Tween-20 at RT for 2 h, the membranes were incubated re-
spectively with rabbit anti-Pax7 pAb (dilution 1:200; sc-
25409, Santa Cruz Biotechnology, CA, USA) and mouse
anti-MyoD mAb (dilution 1:200; sc-71629, Santa Cruz
Biotechnology, CA, USA) at 4 °C overnight. Then, the mem-
branes were incubated with horseradish peroxidase-
conjugated secondary antibody at RT for 2 h. The blotting
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was visualized with Western blotting luminol reagent (sc-
2048, Santa Cruz Biotechnology, CA, USA) and by the
Electrophoresis Gel Imaging Analysis System (MF-
ChemiBIS 3.2, DNR Bio-Imaging Systems, ISR).
Subsequently, densitometric analyses of the bands were
semi-quantitatively conducted using Scion Image software
(Scion Corporation, MD, USA). The relative protein levels
were calculated by comparison with the amount of glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) (#G13-61M,
SignalChem, Canada) as a loading control.

Total RNA extraction and quantitative real-time PCR

Total RNA was isolated from the skeletal muscle specimens
with RNAiso Plus (9108, Takara Biotechnology, Shiga,
Japan) according to the manufacturer’s instructions. OD
values of each RNA sample were measured by ultraviolet
spectrophotometer. A260/A280 ranged from 1.8 to 2.0.
Then, the RNA was reverse-transcribed into cDNA using the
PrimeScript™ RT reagent Kit (RR037A, Takara
Biotechnology, Shiga, Japan). cDNA synthesis was per-
formed in a 20-pl reaction mixture. The resulting cDNA was
used for quantitative real-time PCR (qPCR) with the
sequence-specific primer pairs for Pax7, Myodl, and Gapdh
(Table 1). qPCR amplification was performed by Applied
Biosystems 7500 Real-Time PCR System using SYBR"
PrimeScript™ RT-PCR Kit (RRO81A, Takara
Biotechnology, Shiga, Japan). To exclude any potential con-
tamination, negative controls were also performed with dH,O
instead of cDNA during each run. No amplification product
was detected. The qPCR procedure was repeated at least three
times for each sample.

Statistical analysis

Data were expressed as mean+standard deviation (SD) and
analyzed using PRISM 6.0 software. The one-way ANOVA
was used for data analysis between two groups. Difference
associated with p<0.05 was considered as statistically
significant.

Results
Histological examination

In sections stained with H-E, hemorrhage, edema, and degen-
eration were observed in the contused skeletal muscles. A
large number of polymorphonulcear cells (PMNs) appeared
in wound zones at 1 day post-wounding (Fig. 1b). Round-
shaped mononuclear cells (MNCs) appeared in wound zones
at 1 day, which remarkably increased in number at 3 days
post-wounding (Fig. 1c). At 3 days post-wounding, spindle-
shaped fibroblastic cells (FBCs) appeared in the wound zones
(Fig. 1c). From 5 to 9 days post-wounding, a large number of
FBCs, concomitant with regenerated multinucleated
myotubes, were observed in the wounds (Fig. 1d, e). From
13 to 21 days post-wounding, the nuclei of myotubes were
gradually marginated, and some FBCs were still detectable in
fibrotic tissue (Fig. 1f, g).

Double direct immunofluorescence for Pax7 and MyoD

To identify different myogenic status of satellite cells, co-
localization of Pax7 and MyoD was conducted. Pax7 and
MyoD were both detected in the nucleus (Fig. 2).
Morphometrically, total satellite cells (the sum of
Pax7"/MyoD~, Pax7"/MyoD", and Pax7 /MyoD" cells)
increased prominently from 3 days, peaked at 5 days
after injury, and decreased thereafter. The number of
satellite cells was >60 from 3 to 9 days (p=0.035)
and >89 at 5 days (p=0.012) after injury (Fig. 3a).
The number of Pax7 /MyoD™ cells increased significant-
ly at 5 days post-injury, which was >6 (p=0.018)
(Fig. 3b). Pax7 /MyoD" cells increased from 3 days,
peaked at 5 days after injury, and decreased thereafter.
The number of Pax7 /MyoD" cells was >16 from 5 to
7 days (p=0.032) and >34 at 5 days (p=0.002) after
injury (Fig. 3c). Pax7 /MyoD" cell number was >47
from 3 to 9 days (»p=0.023) post-injury, which was sig-
nificantly more than that at other posttraumatic intervals
(Fig. 3d). The ratio of Pax7/MyoD cells to total sat-
ellite cell number at 1 day post-injury (>0.29; p<0.001)

Table 1  Real-time PCR primer sequences
Gene GenBank accession Primer Product size (bp)
Pax7 NM 001191984.1 Forward: 5'-GAT TAG CCG AGT GCT CAG AAT CAA G-3' 166
Reverse: 5'-GTC GGG TTC TGA TTC CAC GTC-3’
Myodl NM_176079.1 Forward: 5'-GAC CCA GAA CTG GGA CAT GGA-3’ 127
Reverse: 5'-TGA GTC GAA ACA CGG ATC ATC ATA G-3'
Gapdh NM 017008.4 Forward: 5'-GGC ACA GTC AAG GCT GAG AAT G-3' 143

Reverse: 5'-ATG GTG GTG AAG ACG CCA GTA-3'
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Fig.1 H-E staining in rat skeletal
muscle samples. a Normal
skeletal muscles as a control. b
PMNs are detected at 1 day after
contusion (arrows). ¢ Round-
shaped MNCs (arrows) and
spindle-shaped FBCs
(arrowheads) are present in the
injured tissue at 3 days after
contusion. d, e FBCs
(arrowheads), concomitant with
regenerated multinucleated
myotubes (arrows), are observed
in the areas of contusion at 5 and
7 days after contusion. f, g The
nuclei of myotubes are seen at
subsarcolemmal position
(arrows). Spindle-shaped FBCs
(arrowheads) and fibrotic tissue
are detected in the center of the
wound zones at 13 and 21 days
after injury. Scale bar 50 pm

showed a significant rise (Fig. 3e). The ratio of Pax7"/
MyoD" cells to total satellite cell number at 1 or 5 days
post-injury (>0.51; p=0.037) was higher significantly
than other posttraumatic intervals (Fig. 3f). The ratio
of Pax7 /MyoD" cells to total satellite cell number from
3 to 21 days post-injury was higher significantly than

@ Springer

that at 1 day (<0.25; p=0.021) post-injury (Fig. 3g).
The ratio of Pax7 /MyoD" to Pax7"/MyoD  cell number
maintained a higher level which was >18.30 from 3 to
9 days (p=0.046) post-injury (Fig. 3h).

Pax7" cells (Pax7 /MyoD" and Pax7'/MyoD" cells) in-
creased in number from 3 days and peaked at 5 days after
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Fig. 2 Double immunofluorescent staining for identifying the satellite
cells in different myogenic status. The sample was immunostained with
anti-Pax7 (green) and anti-MyoD (red). Nuclei were counterstained with
Hoechst 33258 (blue). The Pax7/MyoD™ cells show cyan signals

injury. The number of Pax7' cells was >20 from 5 to
7 days (p=0.023) and >39 at 5 days (»p<0.001) after
injury (Fig. 4a). MyoD™ cells (Pax7 /MyoD" and
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Merged

(arrows), Pax7"/MyoD™ cell bluish white signals (arrowheads), and
Pax7 /MyoD" cells pink signals (triangles) in the merged images.
Representative results from at least three individual experiments are
shown here. Scale bar, 50 um

Pax7 /MyoD" cells) increased significantly in number
from 3 days, peaked at 5 days after injury, and de-
creased gradually with extension of posttraumatic
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intervals. The number of MyoD" cells was >58 from 3 to  compared with other posttraumatic intervals except that at
9 days (p=0.006) and >83 at 5 days (p=0.01) after injury 9 days post-injury (p=0.027) (Fig. 4c).

(Fig. 4b). The ratio of MyoD" to Pax7" cells was >4.76 at The cell numbers and ratios in relation to wound age are
3 days post-injury, which was statistically significant as summarized in Table 2.
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<« Fig. 3 a The total number of satellite cells in relation to wound age. The
total number of satellite cells peaked at 5 days post-wounding. b The
average number of Pax7"/MyoD™ cells in relation to wound age. The
average number of Pax7"/MyoD™ cells peaked at 5 days post-
wounding. ¢ The average number of Pax7"/MyoD" cells in relation to
wound age. The average number of Pax7"/MyoD" cells peaked at 5 days
post-wounding. d The average number of Pax7 /MyoD" cells in relation
to wound age. e The average ratios of Pax7/MyoD cells to total satellite
cells in number in relation to wound age. f The average ratios of Pax7"/
MyoD™ cells to total satellite cells in number in relation to wound age. g
The average ratios of Pax7 /MyoD" cells to total satellite cells in number
in relation to wound age. h The average ratios of Pax7 /MyoD" cells to
Pax7"/MyoD" cells in number in relation to wound age. All data were
presented as mean+SD and analyzed using one-way ANOVA. a, ¢, h
*p<0.05 (vs control group); *p<0.05 (vs preceding posttraumatic
group). b *p<0.05 (vs control group); “p<0.05 (vs 5 days group post-
injury). d—g: *p<0.05 (vs control group); “p<0.05 (vs 1 day group post-
injury)

Western blotting and qPCR

The expressions of Pax7 and MyoD protein were detected in
all skeletal muscle specimens including the control by
Western blotting (Fig. Sa, b). Both Pax7 and MyoD expres-
sions were increased from 1 day post-injury. The relative
quantity of Pax7 protein peaked at 5 days post-injury
(>1.13; p=0.013) and decreased thereafter. The relative quan-
tity of MyoD protein was >1.33 from 3 to 7 days (p=0.025)
post-injury, which was significantly higher than that of the
other posttraumatic interval. Significant difference in the rel-
ative expression levels of Pax7 and MyoD protein was respec-
tively noted from 1 to 17 days and from 3 to 17 days post-
wounding, as compared with that of control (p<0.001;
Fig. 5c, d). And significant differences in the relative intensity
of Pax7 and MyoD to GAPDH were respectively observed
between 3, 5, 7, and 9 days injury groups and their preceding
groups (p<0.05; Fig. 5¢) and between 3 and 9 days injury
groups and their preceding groups (p<0.05; Fig. 5d).
Relative quantities of Pax7 and MyoD mRNA expressions
were assayed by qPCR throughout the 21 days after contu-
sion. Similar to the results of Western blotting, the levels of
Pax7 and MyoD mRNA were upregulated after injury. The

relative quantity of Pax7 mRNA expression was >2.38 from
3 to 7 days (p<0.001) post-injury, which was significantly
higher than that of the other posttraumatic intervals. The rela-
tive quantity of MyoD mRNA expression reached the peak at
3 days after injury, which was >2.59 (p=0.018). Significant
difference in the relative quantities of Pax7 and MyoD mRNA
expression was observed respectively from 3 to 9 days
(»<0.05) and from 1 to 7 days (p<0.001) post-wounding, as
compared with that of control (Fig. 6a, b). Significant differ-
ences in the relative quantities of Pax7 and MyoD mRNA
expression were respectively observed between 3 and 9 days
injury group and their preceding groups (p<0.001; Fig. 6a)
and between 3, 5, and 9 days injury groups and their preceding
groups (p<0.05; Fig. 6b).

The assays of Pax7 and MyoD by Western blot and gPCR
in relation to wound age are summarized in Table 2.

Discussion

In response to muscle injury, quiescent satellite cells become
activated and migrate to the injured site. The activated satellite
cells are responsible for muscle regeneration, and a small pro-
portion of activated satellite cells are back to quiescence to
sustain the satellite cells pool [26]. Pax7 and MyoD are essen-
tial for muscle regeneration. Pax7 maintains satellite cell pro-
liferation and prevents early myogenic differentiation and ap-
optotic cell death. Pax7 gene abrogation reduces satellite cells
significantly, resulting in the failure of muscle growth and
regeneration [8]. Pax7 regulates MyoD expression by binding
directly proximal promoters of MyoD [27]. MyoD is closely
involved in satellite cell activation, proliferation, and differen-
tiation during muscle development and regeneration [28].
Satellite cells fail to differentiate and fuse in MyoD knockout
animals, which leads to severely impaired muscle regenera-
tion [29]. The activated satellite cells downregulate Pax7 ex-
pression and upregulate MyoD expression simultaneously
in vitro [9]. In the present study, however, Pax7 and MyoD
were significantly upregulated simultaneously after skeletal

a b c
50- 150- § 8

5 @ a

£ ao] £ 2 B

. = 100 2 :

2 2 o 244

02_ [} g )

s o 501 5 4

5 104 Y 2

o =S - o
o o- 20-

cC 1357 9 1317 21 C 1357 91317 21 C 135 7 9 1317 21
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Fig. 4 a The average number of Pax7" cells in relation to wound age.
The average number of Pax7" cells peaked at 5 days post-wounding. b
The average number of MyoD" cells in relation to wound age. The
average number of MyoD" cells peaked at 5 days post-wounding. ¢

Days post injury

Days post injury

The average ratios of MyoD" to Pax7" cells in number in relation to
wound age. All data were presented as mean+SD and analyzed using
one-way ANOVA. *p<0.05 (vs control group); *p<0.05 (vs preceding
posttraumatic group)
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Table 2  Results in relation to wound age

Marker Morphometric analysis Molecular biological analysis
Wound age Cell number Ratios Western blotting  qPCR
A B C D E F B/A° C/A D/A DB F/E Pax7 MyoD  Pax7 Myodl

Time after injury (days) 1 >0.29 <0.25

3 >2.59

5 >89 >6 >34 >39 >83 >1.13

5-7 >16 >20

3-7 >0.73  >1.33 >2.38

3-9 >60 >47 >58 >18.30

A total satellite cells, B Pax7" /MyoD  cells, C Pax7" /MyoD" cells, D Pax7 /MyoD" cells, E Pax7" cells, F MyoD" cells

muscle injury. Morphometrically, the Pax7" and MyoD" cells
also increased in number in the similar pattern. We speculated
that the upregulated Pax7 expression may be associated with
the increased Pax7" cell number. Moreover, inflammatory re-
sponse is essential for muscle regeneration, and the infiltrating
inflammatory cells not only phagocytize cellular debris but
also play roles in muscle regeneration by releasing a series
of cytokines and growth factors [30], which may cause the
peak of Pax7 and MyoD expressions in inflammatory stage
of muscle injury.

In forensic practice, histopathological and immunohisto-
chemical procedures were conventionally employed for

a Time after injury
C 1d 3d 56d 7d 9d 13d 17d 21d

wound age estimation by most researchers [12, 14, 17, 20,
31]. Therefore, we attempted to estimate the wound age by
morphometrical analysis in this study. It suggests that the
wound age may range from 3 to 9 days for the number of
Pax7 /MyoD" cells >47, the total number of satellite cells
>60, the ratios of Pax7 /MyoD" to Pax7"/MyoD " cells
>18.30, or the MyoD" cell number >58. For the number of
Pax7"/MyoD" cells >16 or Pax7" cells >20, it possibly indi-
cates a wound age of 5 to 7 days. The ratios of Pax7 " /MyoD ™
cells to total satellite cell number >0.29 or the ratios of Pax7 /
MyoD" cells to total satellite cells <0.25 may be a parameter
of 1 day post-injury, while the total number of satellite cells

b Time after injury
C 1d 3d 5d 7d 9d 13d 17d 21d

PaXT & e - - i e i SOKDE  MyoD M o s ———— - 45kDa

GAPDH

¢ Pax7

Relative intensity
-
=)
L

o
[3,]
1

id 3d 5d 7d 9d 13d

Time after injury

17d

control 21d

Fig.5 a Analysis of Pax7 and GAPDH from skeletal muscle specimens
by Western blotting. Lane C represents the result of the control skeletal
muscle sample. Representative results from five individual animals are
shown. b Analysis of MyoD and GAPDH from skeletal muscle
specimens by Western blotting. Lane C represents the result of the
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control skeletal muscle sample. Representative results from five
individual animals are shown. ¢ Relative intensity of Pax7 to GAPDH.
d Relative intensity of MyoD to GAPDH. All values are expressed as the
mean+SD (n=5). *p<0.05 (vs control group), *p<0.05 (vs preceding
posttraumatic group)
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a 3= Pax7

N
1

Relative quantity
n

04
control 1d 3d 5d 7d 9d 13d
Time after injury

17d  21d

Fig. 6 a Relative quantity of Pax7 mRNA expression. All values are
expressed as the mean+SD (n=5). *p<0.05 (vs control group);
#%%1<0.001 (vs control group); “p<0.05 (vs preceding posttraumatic

>89, the Pax7 /MyoD™ cell number >6, the Pax7 /MyoD" cell
number >34, the Pax7" cell number >39, or the MyoD" cell
number >83 may indicate 5 days post-injury.

Recently, some markers for estimating wound age display
regular expressions following injury [18]. Nevertheless, the
quantitative data of the markers are always debatable in court.
It is necessary to obtain comprehensive results by combining
different methods [32]. Techniques of Western blotting and
gPCR have been applied to wound age estimation, implying
that the markers of wound age may be detected more accu-
rately [23, 33]. In addition, mRNA is inducted before the
protein synthesis [33-35], which makes mRNA a more appro-
priate parameter in early wound age estimation. Moreover,
combined detection of protein and mRNA may be more stable
and sensitive than morphometrical assays alone for judging
wound age [23]. Therefore, we also attempted to use Western
blotting and qPCR to investigate the expressions of Pax7 and
MyoD and found that the data obtained from the two tech-
niques confirmed the results of morphometrical analysis. In
Western blotting results, the relative quantity of Pax7 peaked
at 5 days after injury (>1.13), which suggests a wound age of
5 days. The relative quantity of Pax7 >0.73 or MyoD >1.33
suggests a wound age of 3 to 7 days. The pattern of Pax7 and
MyoD mRNA expressions detected by qPCR was similar to
that of Pax7 and MyoD protein expressions. The relative
quantity of MyoD mRNA expression peaked at 3 days after
injury, which was >2.59 suggests a wound age of 3 days. The
relative quantity of Pax7 mRNA >2.38 suggests a wound age
of 3 to 7 days post-injury. When comprehensively analyzed
the data of morphology in combination with those of Western
blotting and qPCR, we found that the ratios of MyoD" cells to
Pax7" cells >4.76, the relative quantity of Pax7 protein >0.73,
the relative quantity of MyoD protein >1.33, and the relative
quantity of Pax7 mRNA >2.38 may estimate a wound age of
3 days post-injury, which provides more accurate parameters
for wound age estimation by the conjoint analysis. However,

b 3- MyoD

Relative quantity

0-
controi 1d 3d &6d 7d 9d 13d
Time after injury

17d  21d

group) b Relative quantity of MyoD mRNA expression. All values are
expressed as the mean+SD (n=5). ***p<0.001 (vs control group);
#p<0.05 (vs preceding posttraumatic group)

for forensic practical application, it is essential to collect hu-
man skeletal muscle samples with a variety of wound ages and
further examine the suitability of Pax7 and MyoD in autopsy
cases by qPCR, Western blotting and morphometrical
analysis.

In conclusion, expressions of Pax7 and MyoD were upreg-
ulated during skeletal muscle wound healing in rats. The time-
dependent expressions of Pax7 and MyoD may provide new
reference and more solid information for the wound age esti-
mation in skeletal muscle contusion.
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