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Abstract

Background: Radiation-induced muscle fibrosis is a long-term side effect of radiotherapy that
significantly affect the quality of life and even reduces the survival of cancer patients. We have
demonstrated that radiation induces satellite cell (SC) activation at the molecular level; however, cellular
evidence in a rat model of radiation-induced muscle fibrosis was lacking. In this study, we evaluated SC
activation in vivo and investigated whether radiation affects the proliferation and differentiation potential
of SCs in vitro.

Methods: For in vivo studies, Sprague-Dawley rats were randomly divided into six groups (n = 6 per
group): a non-irradiated control group and 90 Gy-1 w, 90 Gy-2 w, 90 Gy-4 w, 90 Gy-12 w, and 90 Gy-24 w
groups.Left groin area of the rats received a single dose of irradiation and rectus femoris tissues were
collected in the indicated weeks. Fibrosis, apoptosis, and autophagy were evaluated by Masson's
trichrome staining, TUNEL staining, and electron microscopy, respectively. SC activation and central
nuclear muscle fibers were evaluated by immunofluorescence staining and hematoxylin and eosin
staining. IL-1 concentrations in serum and irradiated muscle tissue samples were determined by ELISA.
For in vitro studies, SCs were isolated from rats with radiation-induced muscle fibrosis and their
proliferation and differentiation were evaluated by immunofluorescence staining.

Results: /n vivo, fibrosis increased over time following irradiation. Apoptosis and autophagy levels, IL-13
concentrations in serum and irradiated skin tissues, and the numbers of SCs and central nuclear muscle
fibers were increased in the irradiated groups when compared with control group. /n vitro, cultured SCs
from irradiated muscle were positive for proliferation marker Pax7, and differentiated SCs were positive
for myogenic differentiation marker MyHC.

Conclusion: This study provided cellular evidence of SC activation and proliferation in rats with radiation-
induced muscle fibrosis. Radiation does not affect the proliferation and differentiation potential of SCs in
vitro.

Introduction

Skeletal muscle is composed of multinucleated myocytes that are responsible for skeletal muscle
contraction (1). Radiation-induced muscle fibrosis is a long-term side effect of radiotherapy with multiple
symptoms, such as skeletal muscle weakness, dystonia, stiffness, and functional disorder, which can
lead to local tissue hypoxia, scarring, and contraction, resulting in difficulty in re-operation for cancer
recurrence and in poor efficacy of re-irradiation. It significantly affects the quality of life and even reduces
the survival of cancer patients(2)

Muscle regeneration after injury is generally mediated by skeletal muscle satellite cells (SCs), which can
be reactivated and migrate to the injured site, proliferate, and differentiate into new muscle cells to repair
damaged muscles or maintain the stem cell bank(3, 4). In 1961, using electron microscopy, Mauro
discovered that SCs are located on the surfaces of the muscle fibers between the myofiber plasma
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lemma and the basal lamina in frogs(5). SCs are myogenic progenitors that can proliferate, differentiate,
and self-renew in vitro and in vivo(6-8). In response to muscle injury, SCs are activated and re-enter the
cell cycle for proliferation and myogenic differentiation, and then migrate to the injured site and fuse with
the damaged muscle fibers to repair them or generate new muscle fibers. This process is characterized
by time-regulated gene expression control. In the quiescent state, SCs express paired gene 7 (Pax7), but
lack myogenic determination factor (MyoD). During myogenic differentiation, SCs start to express
myogenic factor 5 (Myf5) protein and MyoD, followed by the terminal differentiation marker myogenin
(MyoG) (9). Growth factors such as hepatocyte growth factor (HGF) and insulin-like growth factor | (IGF-I)
participate in the activation, proliferation, differentiation, and migration of SCs during the repair
process(10, 11). While in normal fibers, the nuclei are located at the cell periphery, in regenerated fibers,
they are located in the center of the cells. Central nuclear muscle fibers are a hallmark of muscle
regeneration (12).

As SCs are myogenic stem cells, several approaches to isolate SCs from different species, including
rats(13) , mice(14), humans (15), chickens (16), pigs (17), and cows (18), have been reported. Ding et al.
developed a method to isolate highly purified porcine SCs using fluorescence-activated cell sorting and
found that long-term in-vitro culturing of the purified SCs led to stemness loss(19). In the absence of SCs,
injured muscle is infiltrated with inflammatory cells and replaced by fat and fibrotic tissue (20). In our
previous study, we found that radiation induces SC activation at the molecular level; however, cellular
evidence of SC activation in a rat model of radiation-induced muscle fibrosis was lacking.

Radiation breaks the chemical bonds on the helical DNA backbone, causing direct or indirect DNA
damage, which leads to cell death. Apoptosis is the primary mechanism of radiation-induced cell death.
Autophagy is a self-degenerative process that is important in the removal of aggregated proteins,
damaged organelles, and intracellular pathogens, and plays a role in preventing apoptosis (21).
Furthermore, autophagy is required for skeletal muscle homeostasis and regeneration. Autophagy is
indispensable in SC quiescence, activation, differentiation, and apoptosis(22). Quiescent SCs exhibit
constitutive autophagic activity to maintain stemness(23). During the transition from quiescence to
activation and differentiation, autophagy provides nutrients(24). During myoblast fusion to form
myotubes, mitochondrial function and activity are greatly increased, which is accompanied by
autophagy(24). Sirtuin 1 (SIRT1) has been identified as a critical regulator of autophagic flux and SC
activation, and loss of SIRT1 results in disturbed autophagic activity and defective SC activation(25).
Genetic deletion of autophagy-related protein 7 (ATG7) suppresses SC proliferation and differentiation
and causes defective muscle regeneration(26). Based on these findings, we hypothesized that autophagy
may play a role in radiation-induced muscle fibrosis.

To help resolve the above questions, we evaluated SC activation in rats with radiation-induced muscle
fibrosis using morphological and biochemical methods. In addition, SCs isolated from the model rats
were evaluated for their proliferation and differentiation potential in vitro. We expected this study to
provide cytological evidence of SC activation as well as an experimental basis for activated SC-mediated
muscle regeneration.
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Materials And Methods
Experimental animals

Eight-week-old Sprague-Dawley rats from Hunan SJA Laboratory Animal Co., Ltd. (Hunan, China) were
used in this study. All researchers were trained and qualified at Central South University prior to the
operation. Housing conditions and animal manipulations were carried out in accordance with the
Guidelines for the Care and Use of Laboratory Animals of Hunan Cancer Hospital and were reviewed and
approved by the Animal Ethics Committee.

Establishment of a radiation-induced muscle fibrosis rat
model and treatments

The rats had free access to food and water. They were allowed to adapt to the environment for 1 week
and were then randomly divided into six groups (n = 6 per group): non-irradiated control, 90 Gy-1 w, 90 Gy-
2w, 90 Gy-4 w, 90 Gy-12 w, and 90 Gy-24 w groups. After the rats were anesthetized with 5% pentobarbital
sodium, a single dose of 90Gy was administered according to a previously reported procedure (26),The
irradiated area was the surface of the medial rectus femoris on the left thigh. In the 1st, 2nd, 4th, 12th,
and 24th weeks after irradiation, animals from each group were sacrificed. Superficial muscle tissues
were collected, and blood was collected from the heart. The blood was left standing at room temperature
for 30—60 min, and serum was extracted by centrifugation at 3000 rpm for 10 min.

SC isolation and culturec

Cut the muscle into about Tm? small particles and put them in the centrifuge tube, add PBS solution,
stand for 5min, discard the supernatant, add 1ml type Il collagenase solution (11088831001;Roche), mix
well, incubate in a 37°C constant temperature water bath for 15min, blow and shake the centrifuge tube
with a straw every 5min, centrifuge at 1000r / min for 5min, discard the supernatant, Add 1ml of type Il
dispase enzyme solution (4942078001;Roche), mix well, incubate in a 37 °C constant temperature water
bath for 15min, blow and shake the centrifuge tube with a straw every 5min or shake it gently for Tmin,
centrifuge at 1000r / min for 5min, discard the supernatant, add 1ml of 0.25% trypsin solution, mix well,
and incubate in a 37 °C constant temperature water bath for 15min, Blow and shake the centrifuge tube
with a pipette every 5min or shake it gently for Tmin, add 3ml DMEM medium containing 10% FBS to
terminate digestion, centrifuge at 1400R/min for 5min, discard the supernatant, resuspend the cell
precipitation with DMEM medium containing 10% FBS to 4ml, inoculate it into a culture bottle coated with
FN mucin(F8180;solarbio) in in advance and culture for 0.5h, Then, the medium and non adherent cells
are transferred to a new culture bottle coated with FN mucin for culture for 1h, and then the medium and
non adherent cells are transferred to a new culture bottle coated with FN mucin for culture for 1H, Then,
the culture medium and non adherent cells were transferred to a new culture bottle coated with FN mucin
in advance, and the solution was changed after 72 hours of culture.

Page 5/20



Histological analysis using hematoxylin-eosin (H&E) and
Masson's trichrome staining

Irradiated and control rectus femoris muscle tissues were fixed in 4% formaldehyde for 24 h, and paraffin-
embedded biopsy sections were prepared. After dewaxing, the sections were stained with H&E (G1120;
Solarbio) and Masson'’s trichrome (BA-40798; Baso). An inverted microscope (Axio Scope A1; Zeiss) was
used to observe all visual fields in each section, and the percentage of fibrotic area (collagen) was
analyzed using the Image-Pro Plus 6 software (Media Cybernetics, Rockville, MD, USA).

TUNEL staining

All muscle tissues were fixed in 4% paraformaldehyde solution for 24 hours and embedded in paraffin yM
thick slice. TUNEL was used to detect apoptosis with in situ cell death detection kit (11684817910;
Roche), according to the manufacturer’s protocol. The sections were deparaffinized and permeabilized
with proteinase K, incubated with a mixture of nucleotides and TdT enzyme solution at 37°C for 1 h, and
then stained with DAPI. TUNEL-positive cells were imaged using an EVOS fluorescence microscope
(AMG). Then, the cells were observed under an inverted fluorescence microscope (Axio Scope A1; Zeiss)
at a magnification of 200x in a blinded manner. Cells emitting green fluorescence were considered
apoptotic cells.

ELISA

IL-1B concentrations in the muscle and serum samples were determined using an ELISA kit (70-EK301B;
Multi Sciences). A standard curve was drawn using a rat standard material included in the kit.

Immunofluorescence staining

SCs from the control and 90 Gy-4w groups were fixed in 4% formaldehyde solution at room temperature
overnight, embedded in paraffin, and cut into 4-um sections that were permeabilized with 0.1% Triton X-
100 in PBS at room temperature for 15 min, blocked with 3% BSA for 15 min, and co-incubated with
monoclonal rabbit anti-Pax7 antibody (sc-81648, 1:500 dilution) and monoclonal rabbit anti-Ki67
(GB13030-2; Servicebio, 1:500 dilution) at 4°C overnight. Then, the sections were incubated with goat
anti-rabbit IgG conjugated to FITC (GB22303; Servicebio, 1:200 dilution). Nuclei were counterstained with
DAPI (G1012; Servicebio). Images were captured using an inverted microscope (Axio Scope A1).

After the differentiation culture of 90Gy-4w SCs and L6 for 7 days, suck the culture medium, wash the six
well plate or twelve well plate with PBS at 37°C for 3-5s each time, gently suck the PBS dry, then add 4%
paraformaldehyde to each well, fix it for 15 minutes and discard it, then add PBS to each well, shake and
wash it on the decolorization shaking table for 3 times for 5 minutes each time. Drip 0.5% Triton into each
hole, penetrate for 15min, and gently suck dry Triton. Then add PBS into each well, shake and wash on
the decolorization shaking table for 3 times, each time for 5min. Goat serum was added dropwise for
blocking and incubated for 30 min to remove. And incubated with primary antibodies, including
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monoclonal rabbit anti-Pax7 antibody (sc-81648; Santa Cruz, 1:500 dilution) and monoclonal rabbit anti-
MyHC antibody (sc-376157; Santa Cruz, 1:500 dilution) at 4°C overnight, followed by incubation with goat
anti-rabbit IgG conjugated to FITC (GB22303; Servicebio,1:200 dilution). Nuclei were counterstained with
DAPI(G1012; Servicebio).

Electron microscopy

Place the muscle in the sterile culture dish with dripping electron microscope fixing solution, cut it into
small particles of about Tmm3 with a sharp blade, clamp it gently with tweezers (extrusion is prohibited),
and quickly place it in the cryopreservation tube containing electron microscope fixing solution, and store
it in the refrigerator at -4°C. These samples were fixed with 2.5% glutaraldehyde overnight, post-fixed in
1% osmium tetroxide for 2 h, dehydrated in a graded ethanol series, and embedded in Araldite. The
ultrastructures of muscle fibers, skeletal muscle cells, and organelles were observed using a Tecnai G2
Spirit electron microscope (FEI, Hillsboro, OR, USA). The images were taken using the GATAN ORIUS CCD
camera (GATAN, Pleasanton, CA, USA).

Statistical analysis

All experimental data were from at least three biological replicates. The data were expressed as the mean
+ standard error (SEM) of the mean value, and SPSS software (version 25.0; SPSS, Chicago, lllinois, USA).
Student t-test was used to compare the mean values of the two groups, and one-way ANOVA was used to
compare the mean values of multiple groups, p < 0.05 indicating a statistically significant difference.

Results
Fibrosis increases over time following irradiation

To investigate fibrosis, irradiated muscles from rats with radiation-induced muscle fibrosis and muscles
from control rats were stained with Masson's trichrome stain. In the control group (no radiation exposure),
collagen fibers were hardly visible (Fig. 1A). In the 90 Gy-1 w and 90 Gy-2 w groups (i.e., at 1 and 2 weeks
post irradiation, respectively), the amount of collagen fibers was slightly increased (Fig. 1B, C, ). In the 90
Gy-4 w, 90 Gy-12 w, and 90 Gy-24 w groups (i.e., at 4, 12, and 24 weeks post irradiation, respectively),
large amounts of collagen fibers were accumulated between the muscle fibers (Fig. 1D, E, F).

Irradiation induces apoptosis

To assess apoptosis, irradiated muscles from rats with radiation-induced muscle fibrosis and muscles
from control rats were stained using TUNEL staining and observed using fluorescence microscopy.
Representative photomicrographs from tissues of rats of each group are shown in Fig. 2A. In the control
group, only a few apoptotic cells were observed. In the 90 Gy-4 w group, the number of apoptotic cells
was significantly increased compared to that in the control group (Fig. 2A, B).

Page 7/20



IL-1B protein concentrations in irradiated muscle and serum samples from rats with radiation-induced
muscle fibrosis and corresponding samples from control rats were analyzed using ELISA. Compared with
those in the control group, serum and muscle IL-1 concentrations were significantly increased in the 90
Gy-1 w, 90 Gy-2 w, 90 Gy-4 w, and 90 Gy-12 w groups (Fig. 2C, D), whereas there was no difference in the
90Gy-24w group.

Irradiation activates SCs

Pax7 is a marker commonly used for identifying SCs in myofibers(27). Irradiated muscles from rats with
radiation-induced muscle fibrosis and muscles from control rats were subjected to immunofluorescence
staining of pax7 and observed by fluorescence microscopy. Representative photomicrographs from
tissues of rats of each group are shown in Fig. 3A. In the control group, pax7* cells were rare. In the 90
Gy-4 w group, the number of pax7* cells was increased. The number of pax7* cells, percentage of
pax7*/DAPI* cells, and percentage of pax7*/Ki67*cells were significantly increased in the 90 Gy-4 w
group when compared with those in the control group (Fig. 3B).

Irradiation induces autophagy

Muscle samples from rats of all groups were examined using transmission electron microscopy. In the
control group, muscle filaments were arranged neatly (Fig. 4A), mitochondria had well-structured cristae
(Fig. 4B), and nuclei were normal and regular (Fig. 4C). In the 90 Gy-4 w group, muscle filaments were
dissolved (Fig. 4D), nuclei were swollen (Fig. 4D), a few autophagic vacuoles were formed (Fig. 4E, F),
and mitochondria were swollen, with widened cristae (Fig. 4E, F).

Irradiation induces the formation of central nuclear muscle
fibers

Muscle samples from rats of all groups were assessed using H&E staining. In the control group, all
myocytes were arranged orderly and their morphology was normal, and there were no centralized nuclei in
the muscle fibers (Fig. 5A). In the 90 Gy-1 w group, myocytes were swollen and arranged disorderly, some
muscle fibers were fractured, there was limited fibrous tissue deposition, and a limited amount of
centralized nuclei were observed in the muscle fibers (Fig. 5B). In the 90 Gy-2 w and 90 Gy-4 w groups,
myocytes were more swollen and arranged disorderly, and there were numerous fractured muscle fibers,
substantial fibrous tissue deposition, substantial inflammatory cell infiltration, and a limited amount of
centralized nuclei in the muscle fibers (Fig. 5C, D). In the 90 Gy-12 w group, myocytes were arranged
disorderly, with substantial fibrous tissue deposition and some centralized nuclei in the muscle fibers
(Fig. 5E). In the 90 Gy-24 w group, myocytes were arranged disorderly and had abnormal morphology,
substantial fibrous tissue deposition, and numerous centralized nuclei in the muscle fibers (Fig. 5F).
Centralized nuclei in the muscle fibers are a histological feature of muscle regeneration, and the
percentage of central nuclear muscle fibers was significantly increased in all irradiated groups when
compared to the control group (Fig. 5G).
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Proliferation and differentiation of SCs from rats with
radiation-induced muscle fibrosis

SCs were isolated from the irradiated muscles of the rats with radiation-induced muscle fibrosis. Cultured
SCs had a spindle shape (Fig. 6A-C). MyHC is a commonly used marker for identifying myogenic
differentiation(28). Cultured L6 cells and cultured SCs from irradiated muscles were positive for Pax7
(Fig. 6D, E). Myogenically differentiated L6 cells and myogenically differentiated SCs from irradiated
muscles were positive for MyHC (Fig. 6F, G).Proliferation and differentiation of SCs from irradiated
muscles was not altered by irradiation.

Discussion

Radiation-induced muscle fibrosis is a late-stage complication of radiotherapy. Muscle fibrosis and
regeneration are two different processes, but fibrosis formation may be associated with regeneration(29).
This study demonstrated that apoptosis and autophagy are both activated in rats with radiation-induced
muscle fibrosis and to provide cellular evidence of SC activation in this model. Further, this study revealed
that radiation does not significantly harm the proliferation and differentiation potential of SCs in vitro.

Under physiological conditions, muscle fibrosis and regeneration are balanced. In pathological
conditions, permanent fibrosis prevents regeneration(30), and fibrotic tissue deposition is due to impaired
muscle regeneration(31). Fibrosis deposition after irradiation is progressive and irreversible. Husu et al.
used a fractionated high-dose irradiation-induced muscle damage rat model and found increased
collagen deposition even 12 months post irradiation(32). The mechanism underlying the relationship
between fibrosis and regeneration is complex. Various modes of radiation-induced cell death have been
reported, including apoptosis, autophagy, mitotic catastrophe, and senescence-like cell death(33).
Apoptosis has been observed in a mouse model of radiation-induced lung injury(34). Yang et al. found
that apoptosis was significantly activated in a radiation-induced brain injury juvenile rat model(35). Both
apoptosis and autophagy can be induced by irradiation, and cell fate depends on the balance between
them. In a radiation-induced acute cerebral endothelial damage zebrafish larvae model, endothelial
autophagy was strongly activated(36). Enhanced autophagy protects neurons from radiation-induced
apoptosis(37). Autophagy inhibition by ATG7 knockdown significantly increased radiation-induced neural
stem cell apoptosis(38). Our data showed that apoptosis and autophagy were both activated upon
irradiation. However, the detailed relationship and underlying mechanisms have not been elucidated. In
addition to direct DNA damage, cytokines and inflammatory factors can cause apoptosis. Pro-
inflammatory cytokines, such as IL-1, IL-6, and tumor necrosis factor (TNF)-a, cause an early
inflammatory response to radiation(39). In a rat model of radiation-induced submental muscle injury, the
expression of TGF-1B, MMP-2, and IL-6 was upregulated(40). IL-1B plays an important role in radiation-
induced skin fibrosis(41). IL-1B has been shown to induce epithelial-to-mesenchymal transition in renal
tubular and hepatic stellate cells(42)and apoptosis in chondrocytes in vitro(43). Our data showed that IL-
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1B levels were increased in the irradiated groups; however, the mechanism of IL-1B-induced apoptosis
was not revealed.

The healing process of injured skeletal muscle can be divided into four phases: degeneration,
inflammation, regeneration, and maturation(44). Inflammatory cells and cytokines play vital roles in
muscle regeneration. We previously showed that lymphocytes and macrophages are the main infiltrating
inflammatory cells in irradiated tissues(45). Th1 cells produce IL-1, IL-2, TNF-q, and IFN-y, whereas Th2
cells produce IL-4, IL-13, and IL-6(46). Two subpopulations of macrophages may influence muscle
regeneration: M1 macrophages secrete pro-inflammatory cytokines, such as TNF-q, IL-13, and IL-6,
whereas M2 macrophages secrete anti-inflammatory cytokines, such as IL-10(47). IL-10 promotes the
switch from M1 to M2 macrophages and induces SC proliferation-mediated muscle regeneration(48).
Macrophages enhance the proliferation of myoblasts both in vitro and in vivo(49). IFN-y inhibits SC
proliferation and differentiation(50). IL-6 stimulates SC proliferation through STAT3 activation(51). In this
study, we found that SCs were activated and central nuclear muscle fibers were formed in rats with
radiation-induced muscle fibrosis. These findings suggest that activated SCs are a source of muscle
regeneration and that exogenous administration of cytokines such as HGF and IGF-l to promote the
proliferation and differentiation of SCs may be a good approach to treat radiation-induced muscle
fibrosis. Furthermore, since radiation led to an increase in IL-13 levels, we speculate that promoting SC-
mediated muscle regeneration by inhibiting IL-1f also may be useful to treat radiation-induced muscle
fibrosis.

This study revealed the activation of autophagy and SC upon irradiation, but did not reveal the role of
autophagy in SC activation nor the relationship between autophagy and SC activation in irradiation-
induced muscle fibrosis. In future, we will use transgenic technology to clarify the role of autophagy in SC
activation to provide a basis for further research on muscle regeneration.

Conclusion

We found that both apoptosis and autophagy were activated in a rat model of radiation-induced muscle
fibrosis. In addition, SCs were activated, and central nuclear muscle fibers were formed in vivo following
irradiation. Radiation did not significantly affect the proliferation and differentiation potential of SCs in
vitro. Our results provide cellular evidence of SC activation and proliferation in the radiation-induced
muscle fibrosis model.
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Figures

Figure 1

Representative photographs of Masson staining of irradiated muscles from rats of the control (A), 90 Gy-
1w (B), 90 Gy-2 w (C), 90 Gy-4 w (D), 90 Gy-12 w (E), and 90 Gy-24 w (F) groups.
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Figure 2

Apoptosis is activated in irradiated muscle. Representative images from rats of the control and 90 Gy-4 w
groups (A). Nuclei of TUNEL-positive cells are stained green. Percentages of apoptotic cells were
significantly higher in the 90 Gy-4 w group than in the control group. (B, n = 6/group). Serum IL-1 protein
concentrations in rats of the control, 90 Gy-1 w, 90 Gy-2 w, 90 Gy-4 w, 90 Gy-12 w, and 90 Gy-24 w groups
(C, n = 3/group). Muscle IL-1B protein concentrations in all groups (D, n = 3/group). The results are
expressed as the mean + SEM. *p < 0.05, **p < 0.01,***p < 0.001 vs. the control group.
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Figure 3

SCs are activated in irradiated muscle. Representative photographs of immunofluorescence staining of
rats of the control and 90 Gy-4 w groups (A). Pax7 + cells are stained red, Ki67+ cells are stained green.
The number of pax7+ cells, the percentage of pax7+/DAPI+ cells, and the percentage of pax7+/Ki67+cells
were analyzed in each group (B). The results are expressed as the mean + SEM. *p < 0.05 vs. the control

group
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Figure 4

Transmission electron microscopic analysis of the ultrastructure of muscle tissues. Representative
photographs showing the ultrastructure of muscle tissues in the control (A-C) and 90 Gy-4 w (D-F)
groups. The red box and yellow arrows indicate regular mitochondria (A, B), and the red “N” indicates
regular nuclei in the control group (C). The green circle indicates dissolved muscle filaments (D), yellow
circles indicate autophagic vacuoles (D—F), green circles indicate damaged mitochondria with loss of
cristae (E, F), and the red “N” indicates irregular nuclei in the 90 Gy-4 w group (D).
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Central nuclear muscle fibers are formed following irradiation. Representative images of hematoxylin and
eosin-stained muscles from rats of the control (A), 90 Gy-1 w (B), 90 Gy-2 w (C), 90 Gy-4 w (D), 90 Gy-12 w
(E), and 90 Gy-24 w (F) groups. Yellow arrows indicate central nuclear muscle fibers (B—F) and green
arrows indicate disrupted muscle fibers in the irradiated groups (B-D). Percentage of central nuclear
muscle fibers compared with control group respectively (G). The results are expressed as the mean +
SEM. *p < 0.05 vs. the control group.
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SCs isolated from irradiated muscles of rats with radiation-induced muscle fibrosis. Representative
photographs of isolated and cultured SCs (A—C). Representative images of Pax7 immunofluorescence
staining of cultured L6 cells (D) and SCs from irradiated muscle (E). Representative images of MyHC
immunofluorescence staining of differentiated L6 cells (F) and SCs from irradiated muscle (G).

Figure 6
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