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Abstract Duchene muscular dystrophy (DMD) is a serious progressive muscular dystrophy. Reports in recent
years about abnormal lipid in DMD patients have increased, yet little attention has been paid to liver lipid. This
study aimed to explore the effect of dystrophin gene defect on liver lipid synthesis. 7-week-old mdx male mice
were used as DMD model. The conditions of liver function, liver lipid accumulation and liver lipid synthesis were
determined through liver tissue morphological examination, blood biochemical examination, and detection of
hepatic gene and protein expression. The results showed that lipid droplets in liver of mdx mice increased signifi-
cantly. The contents of total cholesterol and triglyceride in liver, aspartate aminotransferase and alanine amino-
transferase in serum increased. The gene and protein expression of hepatic lipid synthesis-related enzymes such
as fatty acid synthase, acetyl CoA carboxylase, and sterol regulatory element binding protein 1-c¢ were up-regulated.

These results showed accumulation of liver lipid in 7-week-old mdx male mice.
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Fo B RS NLEh BE R AT 23 5 e A N 1 IR BT 14 AR
A BB NUE S AL FCULE FR A B UL A o 20>
i ) 1 A8 AR AR AR DCVE R 195 1 A (metabolic
associated fatty liver disease, MAFLD ) B XU 1 2
ARREIE N WFE R, U E 2155 & MAFLD 1)
R PR 2 22— , o B AR B ) 6 55 e 2 AR
ML S5 FASTERG N, WUARE & AT RS2 A PR 2
TR () S O R A TR PR ) R L2
TR AL 28 38 I A AR B AR . 18 3 T HUAYT
MAFLD Y45 R W] , 1 i A7 40z sh At iz 3l
HE AR A R A AR B A JUs 25 1, U 5 0 s 21
21 B UL U W R 2 8] A A ELAE AL T RE
WUFRAE X MAFLD 520 22—, T BB g LS
JIE 22 8] 9 O 2=, A7 R T DB B LT o) 1 B MAFLD
189 5 9o AR | B 7o s LA 40 A8 O T I
A B R AT IR AR YT

FELGLE 52 A B AE (Duchene muscular dystro-
phy, DMD) , RIMEE KBS FEAT R JILE FoA RAE L 2
— X I B B s A 1) 7 AT LN ZE A
Wi, 2 R BUB IR, fe 2k T Ry e i B e R
PERFET FHR R R R e A T R B LR
AR R o B R E A AR B R L ZE
A B ATENLET 4 s R 5 RE S I KA
Pa# W], DMD 22 LA AT D REAE AL 5 A 00, 7E I
PRIUBE E B 7 5 PR AN BH I B 8 SR A S TR e 2,
ﬁ@(aspanate aminotransferase , AST) TN &% 5 2 fili
(alanine aminotransferase, ALT) F 15 , H: £ 45 % #f
WIZH IR ZE], IF H/NJLDMD &2 15 5
B R ARG SR, DMD X RERE BT AR 1
(19 52 Wiy e FCAE R ML) i R B o CS7BL/10ScSn-
Dmd™*/Jnju (mdx) /)N B2 F TF8F 58 DMD £ A5
RN, %S S BT NLZE 4 R FE A 45 40
THBTL L RE, FBOUNESHE A T ERE,
ARSI DA mdx /) B DMD AR | 3857 H T E g 5
TR AL

& Wiy R A R B (fatty acid synthase, FASN) 7£ )

Yy TF I B o A DO ) i R b K 4 T AR
', 2 kAT A BRI (acetyl CoA carboxylase,
ACC) S AR W TR 5 I A 285 — 28 B 0 #g IR
B R ACCTAE P IR D A L LI v 3R ik
HEE . FASN BEFIT ACCT A s BN — I 1
ATERBRT G BRI . [RII, B i T A AR G
B LASN , JEF IR 52 1 A 2o 2 3 52 22 R IR ML
B PR ARYY , 3 PR 22 47 i 2 IR P05 FAH S i 1
ik HRE EEJE T T4, A 5 H (sterol regulatory
element binding proteins, SREBPs ) /& —Z& [# % TN
3T PO MR A ) B 422 2 1, e SREBP-1e £
Shy 070 T R A 2R IR I T A ARG IR 5 2R P A
T AR NR BUE b R R R AR
M7, 3% 2L o B 2 75 7 DMID 5 4 AT IIE I oA
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APREHET DMD & lm PR BT BLAY I s 5+
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Dystrophin T {4 ( € [E DSHB 28 /) ) ; £ 90
IgG (H+L) 28 W B — 4447044 (Alexa Fluor 488) .
DAPT 4 (43 251 % 1gG (H+L) — Pk (HRP)
(32 ¥ Thermo Fisher A ) ) ;4% Z2 R H &  Hi72 %
TEICES i RTPA 2B BCA B R BRI 3L
& (P EBE S RAEVEARDGET) s SRR (total
cholesterol, TC) | H i =g (triglyceride,, TG ) . &t JIH
71 1R (total bile acid, TBA) . JiF &5 Jg i IR (free fatty
acid, FFA) .= & I8 E A (high—density lipoprotein,
HDL) A6 550 & (g 5t A 9 TRE A SR AT ) 5
ALT  AST A6 0 328057 & (b B AR B s = AR W 4
A R AL 5 6 RNA $2 O] | 308 e a0 &
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AceQ qPCR SYBR Green Master Mix ., = {7 ECL{k
2GR IN RR & (R 0 vE e A= BB BR 2
] ) s FASN H0 14 (€ [ Proteintech /A 7] ) ; SREBP-1c
PR (ACCHLIR (SE[E Affinity 23 7] ) 5 p-ACC HLIA
(SE[E CST A 5 B-actin (R IDUE M 78 50 £ W B
ABRA T ML O R (R BT T 0] A BR A
A ) 3 IRACKS P AL G (R (B DL R AR W HOR A FR
AT 51 (CEEETEIR AW BARA FRA ) 5 HoAlh
A T i al

.2 & &

WOEIE T AR WL BX53 B85 ( H 7K Olym-
pus A F)) s Z U EE R AR | =5 AR 250 AL Nano-
drop 2000/2000C ( 3 [& Thermo 23 7] ) ; AB StepOne-
Plus Real-Time PCR Instrument ( 3 [E 4 Ay B A B2
AT s FLUKAL B A (SE [ Bio-Rad 24 /) 5 ik
WAL (TR AE IR AR YR A R A R ) 5 ¥ R U
R WL Leica A A ) ; Tanon 4600 4> H g1k 2% &
JeE BT R G (B RBEFHELA PR AT
1.3 3 4

HEYE C57BL/10SeSn-Dmd™>/JNju B (LT faj #i
mdx /)N L) FEEE CSTBL/6Y BLCLA R BR A Xf HR 4 ) 6
JEl % , SPF 4%, W T P 50 R 27 -1 Bt AR W) IR 25 F 5
B , 3h 4 & 4% UES : SCXK (35)2016-0003. 514 fi
FE T E AR s Y S g b BE R R G, IR R
REYOK, BRASHE: . sh S8y & sh¥ e M2

T EHRIE
2 F &

2.1 Fhhyimha

XFHRZL S mdx /N A 6 2L, 7 JE S B Ak 2K
St ) JBCHC A I ZHL 2 URI LY 2 2, BB B R /N kA T
PR, I B — S A 4% 22 58 W R v 32 0 [
JE  EAEVLIRA PG BE 455 5 B BB AF £
AT HED A R R AL RO ERE T
WA, 2 h B S B R A T80 CUK AR
2.2 MWABREEEIEE

H V2 VR AL 1) i LA 2L T8 R U AL
R VTR TR N 8 um , 45 4 A BB R R T8
T 5 min J7 , 2 AT N R (4 °C) H1 [ 5E 15 min,
FHBETR 2% th ££ %5 W (phosphate buffer saline, PBS) 1
VU TR THEMEAR FEE A 5% Y
L3 AR 3t AT 3 R 3 P 30 mine SRS TRA, i bt

MZE S B Pk, 4 CROU R LR . Wbk,
PBS 12V 3K, UK 5 min, T8 N5 6 — 40, 25 5 b
JEMFF 1 he WFF 40, PBSTR UL 3 UK, J il DAPI
Yeta W, 2 T RO 10 min, 5 DAPLYL (A7 ,
PBS 2V 3 UK, ZHEVREAR i I s b o e e K B
R, 35 RO R AR B ST
2.3 FFREA LR A AL

FREURF 212 20 mg, A REER , A A= B EL 7K
200 WL 213, F i UK IR B0 A1 2 500 r/min B0
10 min, # B G Ul B 5 AR, T 2 D) aER bR
ASCRG I LI S T 21 2500 TC TG B 5 &
W B AT AR 11 200 r/min 5.0 10 min, I E
T RO BCA B 1 v B s 370 & 0 e 2 1 7 i
LI TC TG MLk i
2.4 WMBEFhE
2.4.1 4 & (oil red O staining, OR O % &,)
TMELA AR T 5 B P il 48 B 0. 5% TMLLERR, B
WS LA 32 2 TR B il A5 T 2T R A, i 4R 8 S E
Tyt ML YL S8 5 1 FH 95 3 4% 60 3800 4 A%
HEAT YL €0 o o Je TN H T B R B R, 55 b 35 B
A, F BXS3 WAiEE NS IR
2.4.2 HAMAFLEEMHELE) FFIEIA)
Y] R il 4% 22 5 W VS W A2 1 min, 10 )5
T 15 min, I HE 34 (& X 2 430 v iff A7 gL £,
WS IR B R AR 58 2 BT /5, T BXS53
s NS IF AR IR
2.5 fniF A

/0N FSURR R B o e 4R L3, IR FRE 4 h 5 U
3000 r/min % B0 15 min, WHL F WS AR AET
4 CYKAH o H 0 G B AE 20 BRAG DU 1ML 3 9 TC TG
TBA .FFA HDL, UL X ALT I AST W) & &, T2
B it SRS I R AT, 33 AH R 7%

2.6 Real-Time PCR(RT-PCR)

K FH L RNA 2 B0 42 O IE RNA L R A
Nanodrop 2000/2000C. 43 3 5't B 325 1l 7 RNA ¥ B
it FH 33 7 3850065 B RNA 3065 5% 4 ¢DNA 5, fiff
H SYBR Green 28| 75 i A #) &2 4t StepOnePlus™
Real-Time PCR I #F 47 RT-PCR, #: 1l g )i & 1 5
RN & & 51PN 1 R,

2.7 EEO LI K

FREUIE 4121 50 mg, {8 FH RIPA 24 i 3 4 X

B, T-80 CUKFATRAE &M . il BCAEH
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Table 1 Sequences of real time PCR primers

Gene Primer sequence(5'—3")
Ace Forward TGAATCTCACGCGCCTACTATG
Reverse ATGACCCTGTTGCCTCCAAAC
Srebpl-c Forward ~ GGAGCCATGGATTGCACATT
Reverse GGAAGTCACTGTCTTGGTTGTTGA
Fasn Forward GAGAAAGCTTGCCAAACAGG
Reverse GAGGGTCTTGCAGGAGACAG
Sed Forward TTCTTGCGATACACTCTGGTGC
Reverse CGGGATTGAATGTTCTTGTCGT
Elovl6 Forward GAAAAGCAGTTCAACGAGAACG
Reverse AGATGCCGACCACCAAAGATA
Acsl4 Forward TCCCTTGGCTATACTGCTACTCT
Reverse AACAAGTGGACAGGCAGCAA
Acs16 Forward CATAAAACCTTGGAGGCCGGT
Reverse TGAGAGGCTGCGGAAAAACT
Acsbgl Forward ~ CTGCCTAGGAACATTCTGAGC
Reverse AAGGAGCTGGTTTGCGAGTT
Acads Forward TTGCCGAGAAGGAGTTGGTC
Reverse AGGTAATCCAAGCCTGCACC
Acadvl Forward AAGATTCGGGATGGCTGCAA
Reverse GCTGATGGCGGCTTCTATCT
Acadm Forward AACTAAACATGGGCCAGCGA
Reverse TGCTCCACTAGCAGCTTTCC
18s Forward ACGGACCAGAGCGAAAGCAT
Reverse TGTCAATCCTGTCCGTGTCC

W R R N 3K ) 6 0 R R S VR B TR AL L
A W RCH T T s 0 VR B R S g/l B
FE 95 C4 B IR 10 min, FI4 FAERES, . FER
38 15 7 AR B3R 7 (Western blot) %l BB 52 i
AR GBI & & k. — PN FASNBLf& |
SREBP-1c $iL i | ACC Hi & ( p-ACC L ik | B-Actin,
TR R CHUA . MBS T H RS
PEZE A TG il ECL A2 & 6 R & 7 & iR
R4 RN R IR E TR
2.8 HGitam

fd Ff| GraphPad Prism 8. 0 %4 7 %4 41 4b 3t
KoM o B BRI & = s 678, 2R 18] 53 B 426
i AT, M P < 0. 05 N ERALTTHFE XL,

3 & R

3.1 mdx A RALA 4

X mdx /)N A IE & 7 UL (tibialis anterior, TA)
HEATHUNLZE A 2 1 0 e e 9Ot gL 6, (8 1-A) FTHE
e, (181 1-B) , 45 1 7R mdx /N B TA LA L P 7

JUUZE 4 £ i, LA M 4504 L A 22 e 4 i
=2l
A

Dystrophin

DAPI

Figure 1 Loss of dystrophin in tibialis anterior (TA) and muscle
damage in mdx mice

A: TA muscle was stained with dystrophin (green) and DAPI was used
to stain the nuclei (blue) (Scale bar = 50 wm); B: HE staining of TA
(Scale bar = 50 pm)

DMD: Duchene muscular dystrophy

3.2 mdx N ST IR RS 2 3 A

550 BEZAR LE , mdx /)N B E 3R 40 T (&
2-A) JFIEN TC 5 TG & 53T, o TG K iR T
R IE R A R 345 (K 2-B) o IR R 2 21
2F YL G Ay 25 S F I, mdx /)N BRI 40 it P o PR
VFZ RN — 125300, 301 53 W, 1 40 A% 5% 1) —
Mo JHF 240 A 52 Bk Tl TR 2, JE 9 B 42 (1] 2-
C)o [AIEF, mdx /IS B FF AR I 2T e (a5 5 o HL
JUE PN A o 3 22 (&1 2-C) .
3.3 ik Afien

5% B A LG, 7 JR 8 B mdx /)y BRI E P
ALT AST KRBT, A BEHESITFEZF (P <
0.001) ([ 3-E,3-F), ifif FFA \HDL .TBA .TC .TG 5
Xof RREEAH L TC ) AR 4k, Horb TBA BE G T, TC A
AR BTS2 57 (K13) o AR 25
J 7R mdx /) BRUAT BEAETE I IE 48 5 | 103 A BT
oA W AR
3.4 mdx /N AAFIEA MR RS R AR X BT 4= LR

55X BRLH AR L, mdx /N BRI B S5 A AR 56 3
R Rk T &, Ho Fasn, Srebpl-¢ 363k 0 g 3%
PR, Sed ] HEP FRIK b E T, Ace FEH KA 1A,
DL b 4 A FE R ) 2 5 X BEZH AR AU 2 2 8] 3 A i
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Figure 2 Increased lipid content in liver of mdx mice
A: Liver index (x + s,n = 6); B: Concentrations of TC and TG in liver (x+ s, n=6); C: HE staining and oil red O (ORO) staining of liver (20 X )
P < 0. 05 vs control group
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Figure 3 Concentrations of TC (A), TG (B), TBA (C), HDL (D), ALT (E), AST (F) and FFA (G) in serum in control and mdx mice (x £ s,n = 6)

ok

P <0.001 vs control group
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ZpE 2R (P<0.05) (K 4-A) . Western blot 4 5 i
7N, X R AR EE, mdx /) BRFAE P FASN  SREBP-
le ACC Hlp-ACC R I R IAE Y B B, M

Relative mRNA expression/folds

ACC IBER AL 7K A7 W] i 22 Ak (181 4-B) o 4521
$ 7 mdx /I BRUFFIE i St &5 0 48 2202 ol TR RE AP s
S RN

A
s [ Control
Il DMD
4 4
0 Aclcn-a
Y o & R 3 X \o AY » > &
IS %\@“Q\ ¢ < o N NG R @\\‘73 }‘& }‘&b }&&
B
FASN SREBP1

Control DMD

ACC |

SREBP1

B-actin

Folds Folds

S = = b o = =

S W © b © W (=) W (=) W
Folds Folds

e = = S = = N

(=) W (=) wn S L O W O W

Figure 4 Increased expression of lipid synthesis related factors of liver in mdx mice (¥ + s,n = 6)

A: Gene expression of lipid synthesis related factors detected by qPCR; B: Protein expression of FASN, SREBP1-¢, ACC and p-ACC/ACC in liver

P<0.05,"P<0.01, P <0.001 vs control group

4 T &

N IEL B A 24 45 R Won , mdx /N RFIE
PN BRK S AE 9, BFAE A TC RN TG A & 3y ot
PR 0 v R 5 i s B ) L R TG & 2R
T mdx /N FRUFBE AL 20 fig 53 & B DA S A8 Ak A
AH [ H FASN, SREBP1-¢ 5 ACC Ay 2 & H
FRIRE W L, $ER I E L 8L I8 B it AR AT
AEJE TR R A A3 i, SREBP1-c F ik i
WAL R AR IR 5 2 TG i As B i vl

DMD f8 35 16 R 2 1, 22 LI %) DMD 8 35
WL 1% i (creatine kinase , CK) 16 1M1 B H e, 3T A
5T RIS CK 5 ALT AST /KA B3 A HE

IR mdx /N ERIMLGE A ALT  AST & 42 W 2 TH s ]
ALT A AST it 2 FFRERE S, B oA e LA
Ty A B A5 1) R0 T A0 R 458 43 1) 12 W 32 2107 A FR
il o BT SE & B, A% A R I S T AR A T4 4
14 JF AR e M 2 W s sk 0, LA e W A Rl
WLPR 55 F8 2 2 B A 2 W i

WUPR AR KAl 2256 A A K - R i b
o B DR ST I BROL , JRE R LE A 1 A A  R
o TERANHA P WUA AR A 3R 5 S B %
WLrh 2 3k, 76 08 5 41 U0 .0 i A /0 Rk
WFFE & B, 76 mdx /I B BELT LR AR KA il 3 2R
P B 2 35 B 0% 2% it mdx /1N BUDL PN 25 45 B S AR
F G R HRE &I, 7R ST EF e AL B 5 v i
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FNLA A KA R & A B LR, X — & B
715 I PR A AR A o] 22 WG 0 PP A6 2 UL PR 22 4 17 ¢
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5 T A R 1 A AR AR G SRR LR A
) 2R 7 Ak Jee R v PT RS B T Y
AR SRS AT g & B, DMD B
55 mdx FRULPA A% LA A A 30 ) 28 10 2 3 e TR 3
o, A v LR RE A i FHE A LS5 0 AL L PR A
TR E AR FIL 8 LA A K 0 2 2
5 55 08 BB BURH S Bl AT JCHE , A8 R 58 B B LA
JHFps 22 T8)AH B 52 ) A BIL T o

DL 5 SRR T 7 JE IS 9 mdx /N BRUFF A £
LNFLERR IR E AL mdx/NERUER T 24PN
R B DR 0 A ml b e LR AR A LR
200 B R 3 PR BT R N L D )
B, B/ i 2 A IR 2 BT B L=
WD BB UL S5 R IE AR 7 R R G . IR
A WA i FASN .SREBP1-c . ACC LA A K 31
) 252 7 2 AR DML A T BEE A

25 L TR mdx /N BRUFF I A 0 75 ik S 25 14
HR A AL 5 16 BT A OC i FASN . SREBP1-c |
ACCH) A .
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