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TRRGEIE D INFE s WGA B (e 7070 L2 MRS A% 15 2 s Masson J (43 BT O LR IR A TR B0 (CVEY% ) 5 S22
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g1 D12 A iz 3 i A AL SHR 1YL S AN 45 ; @ SHR-SED 2 CVF% LU JILAN A8 3 1 A 2% v+
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35 ICTH L (~dp/ At ) 46 BT 835 T R (P<0.01) , 5 SHR-SED ZHAH H , SHR-EX £ EF (P<0.05) \+dp/dty (P<0.05) Fil-
dp/dt.. 48X (P<0.01) 34 18 44 55 ; @ WKY-SED 414 Ht , SHR-SED 2.0 )L ANP 1 BNP mRNA &3k 5 i 2514 0
(P<0.01) ,NF-kB p65 mRNA ikt 2 Z 01 (P<0.05) ,MG53 mRNA &3k i 51 25 5 (P>0.05) ; 55 SHR-
SED A F , SHR-EX 4H.0>/JL ANP .BNP FINF-kB p65 mRNA ikt i ZF&AK (P<0.01) ,MG53 mRNA ik ¥
1 (P<0.01) ;&5 WKY-SED 4 4H [t , SHR-SED £H.0> L MG53 25 |11 3235 K F- TG 5 3 1 2% 5 (P>0.05) ,NF-kB p65
B AR 1L KK 225 T8 (P<0.01) , 55 SHR-SED 20 A He , SHR-EX 410 Il MGS3 4 1 &8 /K- 8 2 THH (P<
0.01) ,NF-kB p65 & [1AHXT B IR b /K 7 525 F B (P<0.01) 6
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Effects of aerobic exercise on MG53/NF-kB signaling pathway in the myocardium of spontaneously hyper-
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Abstract

Objective: To investigate the possible role of MG53/NF-«xB signaling pathway in the regulation of hyperten-
sive cardiac remodeling by aerobic exercise, and to provide a new idea for the treatment of hypertensive heart
disease by combining aerobic exercise with drugs.

Method: Twenty-week-old male SHR and WKY rats were randomly assigned to sedentary and exercise train-

ing groups, respectively, 12 rats in each group. After 12 weeks of running platform training (incline 0°, 20m/
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min, 5d/w), tail artery blood pressure was measured; Millar pressure-volume system was used to determine
cardiac function; WGA staining was used to analyze the cell surface area of cardiomyocytes; masson staining
was used to analyze myocardial collagen volume fraction(CVF%); real-time fluorescence quantitative PCR was
performed to determine the relative expression of cardiac natriuretic peptide (ANP) , brain natriuretic peptide
(BNP), MG53 and NF-kB p65 mRNA; western blot measures the protein expression of MG53, NF-kB p65
and p-NF-xB p65.

Result: (DTwenty weeks acrobic exercise effectively reduced heart rate and systolic blood pressure in the hy-
pertensive rats. @ CVF% and cardiac myocyte cross-sectional area were significantly higher in the SHR-SED
group than in the WKY-SED group(P<0.01). CVF% was significantly lower in the SHR-EX group than in the
SHR-SED group(P<0.01). There was no significant difference in cardiomyocyte cross-sectional area(P>0.05). @
Compared with the WKY-SED group, the SHR-SED group showed significantly lower EF, +dp/dt.. and -dp/
dt,. in absolute terms(P<0.01). Compared with the SHR-SED group, the SHR-EX group showed significantly
higher EF (P<0.05), +dp/dtw. (P<0.05), and -dp/dt..(P<0.01) in absolute terms. @Compared with the WKY-
SED group, myocardial ANP and BNP mRNA expressions were significantly increased in the SHR-SED group
(P<0.01), and NF-xB p65 mRNA expression was also significantly increased (P<0.05), while MG53 mRNA
expression had no significant difference (P>0.05). Compared with those in the SHR-SED group, myocardial
ANP, BNP and NF-xB p65 mRNA expression was significantly lower(P<0.01) and MG53 mRNA expression
was significantly higher (P<0.01) in the SHR-EX group. (3Compared with the WKY-SED group, myocardial
MGS53 protein expression level had no change in the SHR-SED group (P>0.05) and NF-xB p65 protein phos-
phorylation level was significantly increased in the SHR-EX group (P<0.01) and compared with SHR-SED
group, myocardial MG53 protein expression level was significantly increased in the SHR-EX group (P<0.01)
and NF-xB p65 protein phosphorylation level was significantly decreased(P<0.01).

Conclusion: Aerobic exercise may inhibit NF-kB expression through up regulation of MGS53, thereby improv-
ing hypertensive cardiac function and delaying the development of hypertensive heart disease.

Beijing Sport University, Beijing, 100084
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(spontaneously hypertensive rat, SHR) % 24 H |
MRIEIZ 3T W5 75, fF SHR F WKY 45 A ¥4 M4
Az 4 (SHR-EX . WKY-EX) 14 #5 % B 4H (SHR-
SED .WKY-SED) 3t 4 4] , 41 [l 1A 8 25 53 0 b & 1k
SIS ph AL st A A AR SR Sl )RR AT B w4
ft IR T AR T R 5 N KSR R
P fdt P SR e Wit S s ) LR TR R, 0
FEAR SR, R B B OK BER, 45 1 4R 5% PR 5 T
(22—24°C ) FAH X (40%—60% ) , B A& I 1] 2y
12h, AP A F 7 2 E AR R E R A=ia 3
PSRRI ZE B s fE (151 2019036A) .

1.2 MBBEIrE

A Bedford ™ i ] 22 45 5 ¥ (55%—65%
VOuu) AT 432 811 J5 5 : SHR-EX 21 Al WKY-EX 41
T8 PR I 2R — i IS AT R B VO 3 12 3 5
22 OiE W 55 1—2 H AR5 1125 10min, B
M 10m/min; 55 3—5 H 4 K H5 Y1125 30min, & 5
2 15m/min; 55 6—7 H ARG ; @1E XN %5« 15K i
£ 1%k 60min, Fi3# 18—20m/min, £ & Y2k 5 K, 3
Frgk 12 8 o3& WP ZR DL R GE 0 hitfl 5 3 3 1
H0°,

1.3 A1)

RIPA i i \PMSF (F [E] iR = RAEPIHOR
ABRAT]) 2 R (Roche, 725 ), BCA i
& UK PVDF [l . GAPDH4T/A \ Trizol re-
agent Green Master Mix(Thermo Fisher Scientific,
), Masson J4 43805 & (U RS ERHA R A
), /NFEBEAE 2 14895 (Sigma, £ [H ) ,MGS3 Hiik |
NF-kB p65Huig (1 E RN = EAYHE ARG RRAFD),
Phospho-NF-«kB p65 #ii{4(Cell Signaling Technolo-
gy, 3L ED o /NP iiE B (BP-2010A) (Softron
Biotechnology, H 4% ) , Millar J& 77 - 25 B € &R 42
(AD Instrument, B F|V ) ,iBlot 2 T:UEENFR S |
HLIKAL T POk E i PCR{X (Thermo Fish-
er, = [H ), B #r1L (Bio-Rad, 5 [H ) , .0 HL (Eppen-
dorf, ¥ ) , ChemiDoc XRS+ %1% % 4: (Bio-Rad,
LTD, E[&) , 8% 5% B EE Leica DMI4000B (Lei-
ca, fE[H).

1.4 OS5 5 D RERS I
iz 2 AT E 25 41K A EE (body  weight,

BW) , J& 2l ik Jo 1) il F 0 48 W 0 <2 5 B i 4 e
(systolic pressure, SBP) F .[» * (heart rate,
HR) . 1£55 12 J8liz shAl 58 ol e , S 4E 2 gl
TE N 430K RS AR ER K 12N, ff H L+ RFFR
HIFMMAFIC SR o B T2 80 (50mg/kg ) [ s RR 1
T4 B3N kA A K ) 548, £ FH] LabChart 2 {1 5%
B 1537 % (ejection fraction, EF)FIA = N AL fx
R (dp/dtne) FF ML SN TR , O D REASI 5E
B 7 BVEUORE , it 1174 1 PBSS i i 9, ) 5% )
FEI B 5 1) 22 A s s AL 805 TR AR UE T, FRIBGO I
it (heart weight, HW) 3 I & ¥ B K J¥ (tibial
length, TL),ics#%dis. FERMEBT.OE, (LR =
[i) s 1 A0 2 B RE IR FREE, TS (o A2 b = o
im (left ventricular weight, LVW) . &5 ¥ FEA 7
BT, PO AR AR, SR 5 7 A -80°C B IR Ik K
FERURIAAFE A A 4% 2 - W [ 8 W, DAL S 2252
B fdi .
1.5 MASSON G (. Co {JURE It 2T 4t i A1

WA S, YD R R Sum, B8 20K, SR A
Masson 4 i) & i AL 2] |, 8 T ST
VASOINE SN || 2 4 a3 e ) D ke SEAI 11575 S PIN1
LU, WA A AR DR I 27 4 . SR Im-
age J AN Co LRSS Dt TR, 85 e D T R 5 B 400
S T FREU A AR O e Dt 25 B 93 88 (collagen volume
fraction, CVF%).
1.6 WGA G il o LA i A i AR

BRI, U0 R RS Spum, 0 ZE 0K, 48]
FE T EDTASUREE S8 vpii , (d O b i A rh it
B2, FRREG YR B T PBSIAW, fEFEIK
PE 3 U, B Smin. AT WGA G4 (1: 50078,
37°C3EA% & 30min, PBS 5Lk /5 DAPI & YL 4 i A%
EOGE IR 10min, PBSEEVER A A & 96K
1 Smin, JiL K #E 10min, Y) 7 FLTJ5 (T2 B P
KERFE R PR F2O0 RS T WS, DA-
PLYL R A A% AE SR AMRUR T i €8, PHAME SR S 4
o K Image T MR A ET AR
1.7 S22 f PCR K L )L ANP, BNP FI
MG53 mRNA & &

FeH 6 HA RO AR 2T, H Trizol 24MF M 5
FEHUE RNA, B2l RNA F 1%B IR FEE I IR 7 HE
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ANP

i 5'-CTCCGATAGATCTGCCCTCTTG-3'

i 5'-AGCTGTTGCAGCCTAGTCCACT-3'
BNP

i 5-AAGAGAAAAGTCAGAGGAAATGGC-3'

T i 5'-GAACTATGTGCCATCTTGGAATTT-3'
MG53

i 5'-CATCGTCATTGGCATTCTGGT-3'

T 5'-CCAACTTCCGTTTCTCATCCTT-3'
NF-kB p65

i 5'-CAGATACCACTAAGACGCACCC-3'

T 5'-CTCCAGGTCTCGCTTCTTCACA-3'
GAPDH

i 5'-CTGGAGAAACCTGCCAAGTATG-3'

T i 5-GGTGGAAGAATGGGAGTTGCT-3'

UK, VAR RNA B 52 #2544 ; RNase-Free DNase 45 #
RNA J5 i F M-MLV S % 581201 &6 mRNA #5472
55, 2 M cDNA & A 7] £ & B cDNA; H ABI
Step One Plus 1 %¢ 2 58 PCR AR Lo 55 1 ik K
(atrial natriuretic peptide, ANP) Ji&Njik(brain na-
triuretic peptide, BNP) ,MG53 #1 NF-«xB p65, DA
GAPDH NS, 575 2 1.,

FU 4441 95°C 1min, (95°C 15s,60°C 50s) 1/
R A0 UK 5 B 45 R i cDNA B2l FERSEAR , 4351 H G
FLHEGI AN SIEFA S| TG [ B AE 60—
95°CHH TR . R 2 VL T Eds A
X 5 54347, 10 5% threshold  cycle (CO{E I N2
JE [N GAPDH py 45 5K 1E H B9 L A, ff Hf WKY-SED
YA CHELVEXT R, 3145 21 A ZH A AR L
1.8  Western Blot #lll £ .L» )l MG53 \NF-«kB p65 Fil
Phospho-NF-kB p65 2 [14ik

SCHGHTHE S 100ml RIPA 24, A5 &
Filg #0461 57 5 1ml PMSF il i 57 5 F 4°C VK A6
o B 14 PR O NI S REAFRI 100mg BT
B0 A Iml 21500, FUkoK B R GRS
4°C & 30min J5 , & T & .0 #L (4°C, 12000rpm) |
30min fF B EIER A . BV EER AT BCA IR &
W, A 2 o g SR AR, He IR Uy
1 A L VKRR i LUK FE R 5%BSA A 2h, i
A H10.01mol/L TBST # % 1Y) — $t (anti-MG53 1:
2000, GAPDH 1:2000,anti-NF-kB p65 1:2000,an-
ti-Phospho-NF-kB p65 1:1000) , % i #% K & 1h
J& 4°CORFE I &% . YK H 0.01mol/L TBST i1k 3
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WK, B YK 10min, A1 A TBST Bt & 9 —HT (bt 1:
10000, F4T 1:5000) FEPRIF & 1he FRRX TBST 0L
3K, il G R AL RO ETE B B AR IR ARG
JHImage Lab™#fFoHr 455 IKEE(H
1.9 Seit2Eotr

K H SPSS 22.0 4 AT e 12440 Bt L Bt LA
SRR R R, 4 I0] E R L 26 2243
Mr (two-way ANOVA, i il fExia 3l ) , [7]2H 12 & Aif
Ji OHER FHHL R 2R 5 22530, BA P<0.05 A Xt 4 2
[ B2 5

2 H#ER
2.1 AR I O 3R R

A AGE 3T RTINS A 2R AT C i 5k 22
5 (P>0.05); 12 )5, 5 A 5 T IATAH LG, PUZH R B
A E 2 2 (P<0.01) 3 5 T 5 4% 40 A1 1
WKY-EX 411 SHR-EX 4 A I I FHA% A 194
O B4 (P<0.01) .

Bz g T RTINSz sh2 5 HA A it
REZH =[] 1f Fe G i 35 1 22 5% (P>0.05) , SHR-SED 41
SBP i # i T WKY-SED 41 (P<0.05) , 12 J& )& , 5 A
B 1T M H, WKY-EX 41 SBP i % T [% (P<
0.01) , SHR-SED #{ SBP & 3 I 7} (P<0.01) , SHR-
EX £ SBP i # F [ (P<0.05) ; 5115 & LA 1,
SHR-SED 41 SBP . % & F WKY-SED 41 (P<0.01),
SHR-EX 4 SBP . # ik T SHR-SED 41 (P<0.01) .

Bz g T RTINSz sh2 5 HAS A it
HEZH 2 [A] HR G & % P 22 5% (P>0.05) , SHR-SED 41
HR & 75 T WKY-SED #41 (P<0.05) ; 12 i), 5 A
BT 1RTAH ., WKY-EX 2 HR i 2 T[4 (P<0.01),
SHR-SED #41 HR 2 # I J}(P<0.05) , SHR-EX 41 HR
Joi EE2E 5 (P>0.05) 5 5 T 15 & 44 A0 HE , SHR-
SED #41 HR . % & T WKY-SED 4 (P<0.01) , WKY-
EX 214 WKY-SED 41 Jc i #1725 (P>0.05) , SHR-
EX #1 HR . (% T SHR-SED £ (P<0.01)($£2).

22 HEIEEINR RGOSR 5200

AL EAAE L (HW/BW) WO EIRE K (HW/
TL) AL U2 BB R A8 B (LVW/HW)AE R K e
B R BE AR CF A , 455 R , WKY-EX 4 HW/
TL Hfl 2% 5 T WKY-SED 4 (P<0.01) ,HW/BW F
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x2 BREHMEEHAREE. MEFMORIIZNG (xLts,n=6)

WiH WKY-SED WKY-EX SHR-SED  SHR-EX
BW(g)
TR 264.6+2.44 260.2+1.96 259.9+1.63 262.1+1.07
T2 G 365.4+2.16 336.6+3.55% 355.642.13% 334.3+1.48"
SBP(mmHg)
T 125.5+1.48 125.240.70 186.0+1.79 188+1.65
T2 135.3+0.71 132.3£0.76" 199.3+0.88% 192.7+0.33%
HR(beats - min™)
TiRT 332.8+6.22 333.8+3.92 397.5+6.47 399.17+7.44
THI2E)G  312.7+7.02 300.2+3.18 419.17+2.61%392.846.21%

512 A5 WKY-SED 4 A kb, DP<0.05, @ P<0.01; 5 12 A )5
SHR-SED ZH Itk , 3P<0.01,

LVW/HW {8 5 WKY-SED 4 ¢ & & 1 22 =% (P>
0.05) ; SHR-SED 21 HW/BW .HW/TL #l LVW/HW L.
{8 % 5 T WKY-SED 41 (P<0.01) ; SHR-EX 41
HW/TL H{f . # % T SHR-SED 4 (P<0.01) , HW/
BW % #T SHR-SED £ (P<0.05) , LVW/HW HAE
5 SHR-SED 41 Tt i k22 7 (P>0.05) (58 3).

i WGA Fric Co AILZ LRSS A B B2 HfL A%
A, 45 R R, 5 WKY-SED 4048 [, WKY-EX
20> JULZAH it A 46 1 FR B 24 K (P<0.01) , SHR-SED
210 JUL 20 A A A T AR A 5 4 R (P<0.01) 5 5 SHR-
SED 40t , SHR-EX 41 UGt 2 1 22 53 (P>0.05) (&
1A Bl 1B). Masson JL 45 L i 7, 5 WKY-SED 41
AH H , SHR-SED ZH.0 JULIH] Jox i J5t B S 14 2, CVF%
8N (P<0.01) ; 5 SHR-SED 4 #H Lt , SHR-EX
O WU A AR BB, CVF% 5 2 [ IR (P<
0.01)(E1C.D).

2.3 AHRB IR IESRERY 5

L3 8 71 %504 BoR , 5 WKY-SED 414 b,
WKY-EX 2 EF \+dp/dt e F1-dp/dt . 28 X E 35 i 251
15 (P<0.05) , SHR-SED 4 EF ., +dp/dtuu F1 - dp/dtua 48
Xif 8 4 % B K (P<0.01) ; 5 SHR-SED 40 A I,
SHR-EX 4 EF (P<0.05) . +dp/dt.. (P<0.05) Fl-dp/
Aty 8% HE (P<0.01) i E 1 = (K 2) .

24 XKLL ANP . BNP . MG53 FINF-
kB p6SmRNA /K5

SR E i PCR 45 R 27 , 5 WKY-SED 41
AH I, WKY-EX 2H.0> )l ANP . BNP .MG53 #1 NF-kB
p65 mRNA AHXJ FRIK KT ik 2 22 5 (P>0.05)
SHR-SED 41> il ANP . BNP Il NF-kB p65 mRNA
HHX e 1R 7K i 2 T (P<0.01) ,MG53 mRNA

X} BRI B 22 5 (P>0.05) ; 5 SHR-SED
ZHAHH , SHR-EX 4H.0> L ANP . BNP 1 NF-kB p65
mRNA X} 3 15 K & 3 T ¥ (P<0.01) , MG53
mRNA AR R K- 3 T 15 (P<0.01) (1 3) 6
2.5 A EE KO UL MGS3 NF-kB p65 Fll
Phospho-NF-«kB p65 & [ 1A 1) 52

Western Blot £ 5 2.7~ , 5 WKY-SED 41 A [t
SHR-SED 41.0: L MG53 25 [ 63k TG i 351 25 55 (P>
0.05) , NF-kB p65 X 8 iR fb 3% 15 i 3 3 & (P<
0.05) ; WKY-EX 4.0 LMGS3 EA AR ER T
WKY-SED #H (P<0.05) , NF-kB p65 AH %] # i 1k 7k
-1 KT WKY-SED 241 (P<0.01) ; SHR-EX 2.0 )L
MG53 25 4 263k B & 5 T SHR-SED 41 (P<0.01) ,NF-
kB p65 ik B E LT SHR-SED £H(P<0.05) ([K4).

®3 BREHHEEXROBBXREENIMN (xt5,n=6)

WiH WKY-SED WKY-EX SHR-SED  SHR-EX

HW(mg)/BW(g) 3.61+0.06 3.76x0.07 4.14+£0.07" 4.31%0.03"
HW (mg)/TL(mm) 30.94+0.18 34.73+0.71" 36.52+0.73" 39.20+0.70”

LVW/HW 0.70£0.01  0.69+£0.02 0.77+0.01" 0.76+0.01
1 5 WKY-SED 41 AH [, (DP<0.01; 5 SHR-SED £ AH [X., @P<0.05,
@P<0.01,

3 itig
3. A4S S IR EE Y Y 5

Ji M v IO — i DL 118 0 0 |, 2 G
SIRBET RO B i F L fER R R . ik
AR, 38 Bl A A MO IS B R T T T
B, 1 v A R R AT S B 19 B R AR A X B
Lopes S %"k B, 8—12 J& 45 412 3l n] 45 55 fA i
[T v I A 24h A LR o B0 R R I
PRI R A8 bR, HACE R 5% s &g A &
P28 2R G0 A R AT, 388000 s R AR R BB T KU . F
Y22, 328 Bl T DLGE R A I 285K 07 B S0
B ML R A RS, ATTHE 00 I B T A A7
R FEARREGE 12 JE A 4EGE SRR T SHR A9 {4
M EALL A, SRR A RARRF T, K&
MRS 51K 00, IR B A O NFEF sk S BEIGR |
PHBEC 5 T RS2 PR N, MR A0 2 RE I 15
5K 77 2 U UL R IES DR I A 1) 5 e D e AR
Az e E A EUD LA AL, O S REAR 4, 1 0 i E
Fa) 5 O IR 2R TR VR s 358 [R] 760 RN L) B8 % A= i PR AR
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E1 HRESzpXZEXROCERSHZm

B

WKY-EX

1500

(pm?

yte

1000

SHR-SED

Cardiomyoc
cross—sectional area

500

I
WKY- WKY- SHR- SHR-

SED EX SED EX
)
)
WKY-  WKY- SHR- SHR-
SED EX SED EX

A AR BLO L WGA B8] (x400) , b5 R =50pm; ¥l B 4 41 BLC WLAT M R A 1] C & 4R RO U MASSON B4 5]
(x200) , K R=100pm; [ D K44 K RO WU R 4E 25U 20 o (CVF%) . 5 WKY-SED 414H H, DP<0.01; 55 SHR-SED ZHAH ., @P<0.01,

B2 BRI HKXR MRS FERR0E
A B c
8000 - 100~
0 B 80~ t
2 6000 @ - 2000 ® @
£ @ T 3 60~
g g B
£ 4000 Z 40001 =
= 3 @ = a0
= 5
Ec_zooo- £- 60004 D 204
T |
0= T - 8000 T T T T 0=
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