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Macrophages depletion impairs skeletal muscle regeneration by regulating

inflammation and oxidative stress levels
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Abstract: The objective of this study was to explore the roles of macrophages in the regeneration of injured skeletal muscle and the
mechanisms involved. Mice were randomly divided into the following groups: muscle contusion (S), muscle contusion control (S,),

macrophages depleted (T) and macrophages depleted control (T,,) groups. Muscle contusion model was created by high-energy blunt

Con.
injury. Macrophages depletion model was constructed by injection of clodronate-liposomes. Their gastrocnemius muscles were
harvested at the time points of 1, 3, 7 and 14 d post-injury. The changes in skeletal muscle morphology were assessed by hematoxylin-
eosin (HE) staining and Masson’s trichrome staining. The mRNA and protein levels of inflammatory cytokines, chemokines and
oxidative stress factors were analyzed by real-time polymerase chain reaction (RCR) and Western blotting, respectively. HE staining
results showed that a small amount of regenerating myofibers were observed in the S group (14 d post-injury), whereas a large number
of regenerating muscle fibers were observed in the T group. Quantitative analyses showed that the sizes of regenerating myofibers

were significantly smaller in the T group as compared with the S group at 14 d post-injury (P < 0.05). At the same time, Masson staining
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results showed that macrophage depletion significantly increased the area of fibrosis as compared with the S group at 14 d post-injury

(P <0.01). The expression levels of inflammatory cytokines, chemokines, and oxidative stress factors were increased significantly

after muscle injury. Moreover, macrophage depletion increased the expressions of inflammatory cytokines, chemokines and oxidative

stress factors as compared with the S group during the later stage of injury (7-14 d post-injury). These results suggest that macro-

phages depletion can aggravate fibrosis and impair muscle regeneration, and inflammatory cytokines, chemokines and oxidative stress

factors may be involved in this process.
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Table 1. Primer sequences for real-time PCR

Target gene

Forward primer sequences

Reverse primer sequences

Product length

TNF-a 5’-CTTCTGTCTACTGAACTTCGGG-3’
IFN-y 5’-GCTTTGCAGCTCTTCCTCAT-3’

IL-6 5-GAACAACGATGATGCACTTGC-3’
IL-10 5-CAAGGAGCATTTGAATTCCC-3’
gp91phox 5’-CCAGTGAAGATGTGTTCAGCT-3’
TGF-B1 5-TGCGCTTGCAGAGATTAAAA-3’
TWEAK 5-GCTCCCAAAGCCCCTACTTAT-3’
CCL2 5-GCTCAGCCAGATGCAGTTAAC-3’
CCL3 5’-ACCATGACACTCTGCAACCA-3’
CCL4 5’-CCACTTCCTGCTGTTTCTCTTA-3’
CCL8 5-CTTCTTTGCCTGCTGCTCATAG-3’
CXCL12 5-ACGGAAGAACCAAAGAGAAAGA-3’
CXCR4 5’-CAAGGCCCTCAAGACGACAG-3’
GAPDH 5-ACTCCACTCACGGCAAATTC-3’

5’-CACTTGGTGGTTTGCTACGAC-3’

163 bp

5’-GTC ACC ATCCTTTTGCCAGT-3’ 162 bp
5’-CTTCATGTACTCCAGGTAGCTATGGT-3’ 154 bp
5’-GGCCTTGTAGACACCTTGGTC-3’ 157 bp
5’-GCACAGCCAGTAGAAGTAGAT-3’ 155 bp
5’-CGTCAAAAGACAGCCACTCA-3’ 135bp
5’-AGGTCCAGCCCATCTCAGT-3’ 97 bp

5’-CTCTCTCTTGAGCTTGGTGAC-3’ 153 bp
5’-CCCAGGTCTCTTTGGAGTCA-3’ 202 bp
5’-CTGTCTGCCTCTTTTGGTCAG-3’ 125 bp
5’-CACTTCTGTGTGGGGTCTACA-3’ 221 bp
5’-CTCAGACAGCGAGGCACAT-3’ 80 bp

5’-CCCCCAAAAGGATGAAGGAG-3’ 101 bp

5’-TCTCCATGGTGGTGAAGACA-3’

171 bp
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Fig. 1. Skeletal muscle histologic characterization using HE staining. 4: Representative micrographic images of skeletal muscle at

different time points. B: Diameters of regenerating myofibers 14 d post-injury. S: muscle contusion group; T: muscle contusion and

macrophage depleted group. Data are means = SD, n = 6. P < 0.05 vs S14 (muscle contusion group on day 14 post-injury). Scale bar,

50 wm. Black arrows stand for centralized nuclei, and black hollow arrows stand for inflammatory cells.
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Fig. 2. Histologic evaluation of the formation of scar tissue 14 days after injury by Masson’s trichrome staining. 4: Uninjured con-

trol group; B: Muscle contusion (S) group (14 days post-injury); C: Muscle contusion and macrophage depleted (T) group (14 days

post-injury); Scale bar, 50 pm. D: Quantification of the scar tissue area in injured skeletal muscle. Data are means = SD, n=8. P <0.01

vs S14 (muscle contusion group on day 14 post-injury).
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Fig. 3. Effects of macrophage depletion on the mRNA expressions of inflammatory cytokines detected by RT-PCR. 4: TNF-a; B:
IFN-y; C: IL-6; D: IL-10; E: TGF-B1; F: TWEAK. S: muscle contusion group; T: muscle contusion and macrophage depleted group.
Data are means = SD, n = 8. “P <0.05, “P < 0.01 vs uninjured control group; "P < 0.05, P < 0.01 vs depleted control group; ‘P < 0.05,

“P<0.01 vs S group at the same time point.
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group; ‘P <0.05,“P<0.01 vs S group at the same time point.
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gp91phox in skeletal muscle post-injury. S: muscle contusion
group; T: muscle contusion and macrophage depleted group. Data
are means = SD, n = 8. "P <0.05, “P < 0.01 vs uninjured control
group; °P<0.05, P < 0.01 vs depleted control group; °P < 0.05,

“P<0.01 vs S group at the same time point.
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