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[Abstract] Objective To investigate the damage of skeletal muscle satellite cells in Duchenne
muscular dystrophy (DMD) and the protective effect of y-tocotrienol (GT3) on muscle satellite cells in DMD
knockout mice. Methods Total 18 DMD knockout C57BL/6] mice and 18 wild-type (WT) C57BL/6J
mice, while 6 DMD knockout mice and 6 WT mice were selected to detect satellites cells proportion, cells
aging rate and apoptosis rate, DNA damage rate by flow cytometry. The remaining 12 DMD knockout mice
and 12 WT mice were subcutaneously injected with 50 mg/kg GT3 solution or 50 mg/kg GT3 solvent. The
apoptosis rate and DNA damage rate of satellite cells were detected by flow cytometry, and the expression
changes of apoptosis-related genes Bcl-xl, Puma and Bax were detected by real time fluorescent quantitative
polymerase chain reaction (FQ-PCR). Results Compared with WT group, the number of satellite cells in
the DMD knockout group was decreased (¢ =35.837, P =0.000), while the cells aging rate (: =12.902, P =
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0.000), apoptosis rate (¢ = 6.864, P = 0.000) and DNA damage rate (¢t = 10.585, P = 0.000) were increased.
After the mice in the DMD knockout group and WT group were treated with GT3 solvent and GT3 solution,
the cells apoptosis rate (F' =59.130, P = 0.000), the apoptosis-related gene Bel-xl (F = 54.480, P = 0.000),
Puma (F=38.940, P=0.000) and Bax (F=632.300, P =0.000) expression levels and DNA damage rate (F =
22.990, P = 0.000) were significantly different. Compared with GT3 solvent, the apoptosis rate of DMD
knockout group was decreased treated with GT3 solution (¢ =13.820, P =0.000), and the expression of anti-
apoptotic gene Bel-xl was up-regulated (¢ = 12.830, P = 0.000), the expression of pro-apoptotic genes Puma
(¢=12.920, P =0.000) and Bax (g =48.050, P =0.000) were down-regulated, and the DNA damage rate was
decreased (¢ = 6.950, P = 0.000). Conclusions The proportion of satellite cells in DMD knockout mice

was reduced, and the cells aging, apoptosis and DNA damage were more obvious. The GT3 solution could

partially improve the satellite cells damage.
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Figure 1
out (black underline indicates, Panel la).

Confirmation of DMD gene knockout mice
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Base sequencing peak map showed the base needed to be knocked
Mice gene sequence showed the base needed to be knocked out (red underline
indicates, Panel 1b). Pairwise comparison of sequences before and after gene knockout (Query represents the gene sequence
of the non-knockout mice, and Shjct represents the gene sequence of the knockout mice; Panel 1c).
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Figure 2 Light
Immunohistochemical staining (PV)
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microscopy findings
X 400  Negative
control group without primary antibody of Dystrophy
antibody in tibial anterior muscle (Panel 2a). In the tibialis
anterior muscle of WT mice, Dystrophin protein was grid -
like and evenly distributed on the surface of muscle cells
(Panel 2b). DMD gene knockout mice were negative for
Dystrophin protein (Panel 2c).
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= 1071 F.igure 3 Flow cytometry was used to compare the proportion
E( of specific marked satellite cells (CD45°CD11h"CXCR4*CD29").
= 102 A PEr The proportion of satellite cells in DMD knockout mice was
¥ - (11.28 + 0.40)% (vectangular area indicates, Panel 3a). The
10" proportion of satellite cells in WT mice was (21.83 + 0.60)%
(rectangular area indicates, Panel 3b).
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Figure 4 Flow cytometry findings The positive rate of C12FDG antibody in WT mice was (0.96 + 0.29)%, the positive rate in
DMD knockout mice was (6.49 + 1.01)% (Panel 4a). The positive rate of Annexin V antibody in WT mice was (2.67 +0.55)%, the
positive rate in DMD knockout mice was (24.03 +7.60)% (Panel 4b). The mean fluorescence intensity (MFI) of yH2AX antibody
in WT mice was 575.33 £55.30, the MFI in DMD knockout mice was 950.00 + 66.78 (Panel 4c).

R DMD IR R AL B AR B AT/ B TR A LA B A TR DNA 5405 A B9 LU A (R 2 5)

Table 1. Comparison of satellite cells proportion, aging rate, apoptosis rate and DNA damage rate between DMD knockout
group and WT group (x +5)

21 51 BB TREMEILHI(%) CI2FDGHURTEZR (%)  Annexin VI BITER (%) yH2AX P 198 658 1
LhgacpivEs:) 6 21.83+0.60 0.96+0.29 2.67+0.55 575.33 +55.30
DMD F:HEBR4A 6 11.28 +0.40 6.49+1.01 24.03 +7.60 950.00 + 66.78

%Iz 35.837 12.902 6.864 10.585

PAE 0.000 0.000 0.000 0.000
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T M A T A B AT IR BT Jr 28 03 Bk

Table 3.
in DMD knockout group and WT group treated with GT3 solvent or
GT3 solution

R2 GTIWHG GT3 WAL P DMD K N
s 2 5 T 74 28 26 /) S L 00 0 T A Y L
(x+s,%)

Table 2. Comparison of satellite cells apoptosis

ANOVA for factorial design of satellite cells apoptosis rate

rate between DMD knockout group and WT group

ai stz e y S
treated with GT3 solvent or GT3 solution (x £s, %) SR U 55 df Ms F i Pt
A 21 5 1313.000 1 1313.000 102.900 0.000
Jog:i! - — yG2H 754.700 1 754.700 59.130 0.000
WA R 2 DMD 3 [H i bR 241
21 1) > 4b B 480.400 1 80.400 37.640 0.000
GT3 % 3.19+0.06 26.93 +7.09
. R 255.300 20 12.760
GT3 %Ik 0.92+0.59 6.77+0.69
B 2803.400 23
e 12
I A ” DM D FE R Rl %
80
60
= &
CT3%H 2 40 4 =
= ==
S0 S0
—_—
20 -
0 -
0 10> 10° 10* 10° 0 102 10> 10 10°
PR FE (FITC) BEIGR FE (FITC)
90 - 100
80
60 -
NI 60
CT3mW 2 4 =
F F 401
— ! —
20 1 204
0 - 0

0102 10° 10* 10°
WG (FITC)

B 5 o 22 6 AR G I T A U T s 2 T3 AR Ak FI Y DD DRI RIS /0 BT A D Annexin VBT BH 14 %K (26.93 =

7.09)% , % GT3 ¥ AL FEH M (6.77 £0.69) %

Figure 5 Flow cytometry was used to detected satellite cell apoptosis proportion: the Annexin V antibody positive rate of
satellite cells in DMD knockout mice treated with GT3 solvent was (26.93 + 7.09)% , and the positive rate treated with GT3

solution was (6.77 +0.69)%.
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R4 GTIFERE CTIWE WAL BN DMD 3 [H w41 5 ¥F
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Table 4. Comparison of apoptosis - related genes
expression between DMD knockout group and WT group
treated with GT3 solvent or GT3 solution (x +s)

215
PLS:]
i g 2 DMD F [H i bk 41

Bel-xl

GT3 %7 0.186 +0.003 0.076 +0.011

GT3 R 0.175 +0.009 0.133 +0.005
Puma

GT3 %7 0.080+0.017 0.230+0.038

GT3 Rl 0.084 +0.027 0.098 +0.008
Bax

GT3 %7 0.102 +0.006 0.305 +0.006

GT3 0.094 +0.009 0.142+0.011

R 6 DMD HEH i B 20 55 5 A AL 2H /)N B T AR O i PR AR
A 25 e 1) A B ] P L

Table 6. Pairwise comparison of apoptorsis-related genes
expression between DMD knockout group and WT group
treated with GT3 solvent or GT3 solution

SR iy g R4 DMD R B 21

qf8 P8 g 18 PIE
Bel-xl 2387  0.151 12.830 0.000
Puma 0.445  0.989 12.920 0.000
Bax 2.241 0.410 48.050 0.000

RS GTIE RS CTI W WAL B DMD HE [H w41 5 ¥F
Az TR 2H /)N B T A DG R AR NS 3R 35 1 19 A PR 1 7 2%
Mk

Table 5. ANOVA for factorial design of apoptosis-related
genes expression between DMD knockout group and WT
group treated with GT3 solvent or GT3 solution

5 5 K YR Ss df MS FAl PAE

Bel-xl
2 5 0.035 1 0.035 579.500  0.000
b 0.003 1 0.003 54.480  0.000
A5 x4 F 0.006 1 0.006 115.700  0.000
R 0.001 20 0.000
B 0.045 23

Puma
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Bax
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b 3 0.044 1 0.044 632.300  0.000
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2 0.001 20 0.000
2 0.176 23
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Table 7. Comparison of satellite cells DNA damage rates

between DMD knockout group and WT group treated with
GT3 solvent or GT3 solution (x )

=8

A R /N BT 2 M DN A 5475 3 (9 A (R s 305 22 70 ik
Table 8. ANOVA for factorial design of satellite cells

DNA
treate

GT3 75 GT3 ¥ W 4k BEAY DM D JL [K] #3240 5 7

damage rates in DMD knockout group and WT group
d with GT3 solvent or GT3 solution

7k EL
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Ko TR SS df MS F14 P4

215
b3 - -
i A A 4 DMD PR i bk 4
GT3 %7 651.67 +143.41 979.00 + 154.35
GT3 535.33+ 35.25 672.67+ 31.47
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e B
CT3IWR =
g
0102 10° 10* 10°
5 IG5 (FITC)
3_
2 Y %
GT3HEW =2
g
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Figure 6 Flow cytometry was used to detect satellite cells DNA damage rate: the MFI of satellite cells in DMD knockout mice
treated with GT3 solvent was 979.00 + 154.35, and the MFI of satellite cells treated with GT3 solution was 672.67 +31.47.
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