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[ Abstract]  Objective

exercise-induced improvement of voltage-gated L-type Ca>" channel ( LTCC) expression in thoracic aorta smooth muscle

The present study investigated the effect of microRNA-328 (miR-328) during the aerobic
cells from spontaneously hypertensive rats (SHRs). Methods Twelve-week-old male normotensive Wistar Kyoto rats
(WKYs) and SHRs randomly were separated into a control group (SHR-C and WKY-C) and an exercise group (SHR-EX
and WKY-EX). Rats in exercise were subjected to moderate-intensity treadmill training for 12 weeks. The cardiovascular
responses of rats were then detected by femoral arterial and venous cannulation. The thoracic aorta was stained with
hematoxylin and eosin ( HE) for histological assays. The mRNA expression levels of LTCC «,.and B, subunits and the
expression of miR-328 were detected by qPCR. The protein expression levels of LTCC o, and 3, subunits were detected by
Western Blot. For in vitro analysis, primary vascular smooth muscle cells (VSMCs) were isolated and cultured from the
thoracic aorta of WKYs. Both miR-328 mimic and miR-328 inhibitor were transfected into cultured arterial myocytes to
produce miR-328 overexpression or silencing. The mRNA and protein expression levels of LTCC a ,; and B, subunits were
detected. Results  Aerobic exercise significantly reduced body weight, blood pressure, and heart rate in SHRs. Aerobic
exercise significantly reduced the wall thickness of thoracic aorta in SHRs. Exercise significantly reduced the pressor
response to norepinephrine and the depressor response to nifedipine ( LTCC blocker) in SHRs. The mRNA and protein
expression levels of LTCC a,;and B, subunits were significantly upregulated in the SHR-C group, compared with the WKY-
C group, while the mRNA and protein expression levels of LTCC a,;and B,subunits were downregulated in the SHR-EX
group, compared with the SHR-C group. miR-328 expression was significantly lower in the SHR-C group than that in the
WKY-C group; this expression significantly increased after aerobic exercise. In the transfection experiment, compared with
the negative control (NC) group, the mRNA and protein expression levels of . and B, subunits were significantly
downregulated in the miR-328 mimic transfected group; these expression was significantly upregulated in the miR-328
inhibitor transfected group. Conclusions Regular aerobic exercise may effectively reduce blood pressure in SHR and
enable miR-328 to inhibit LTCC «,;and B, subunit expression. This mechanism might contribute to exercise-mediated
improvement of LTCC channel remodeling in hypertensive thoracic aorta.

[ Keywords] hypertension; miR-328; aerobic exercise; LTCC; vascular smooth muscle cells
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S LA MY ( vascular smooth muscle cell, VSMC) J&
R I A8 BE A5 R AN I BE Y T Ay, L B e ] 4%
F538 38 ( voltage-gated L-type Ca’ channel, LTCC) &
FAAET VSMC IS b i) —Fofr 32 24058 08, 42 1 2P 45
L, VSMC Wi RO 25 H4 LA, 763815 1045 5K 77 A i
FErii E AR Y, Lree oAl o, B B
o, d Fy WAL AL, &AL T A T R . L
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VE R SCBRAE B EHE A] LAGE (57 F R 5 20 B N AR
PASEIR LTCC 4545, AF5EIESE, VSMC f LTCC
18 9 2 v L 7 — A A PR AR, L A0 R
LTCC & 5k i 5 0R i KF 2 IEH 3 H
FORAERIBL i AT A . A RSB, 5 IR I

KB ( Wistar Kyoto, WKY) #H b, A & M &5 1L K B
( Spontaneously hypertensive rat, SHR) I & i 5l Jik
LTCC %% 55 7K - B o, {H R (K /3.4 £
TEN I sl Bk = FEASE A il 3l bk LTCC 2R 1 23k ik
FTbE AL SR A AR H UL, B SIS R
AT BETE LTCC ik R HEEHEME
MicroRNA ( miRNA , miR ) & — %5 19 JE % 5
RNA B, i 4[] mRNA 755 5% 45 5L D3 Fi i
FIRA I . miRNAs [ 26 8 1T B S 205 0 &
&, NS5 2R o gE, Flansh s e R AT,
Z LRI RGE miRNA 7E (= I ) 96 23 AR F o 7 v
REFRBAEM T WIFEE & B miRNA 7§82
LTCC 5% J5 KV 1) —Fh =ML, miR-1, miR-145
M miR-328 B 42 8 ) 55 15 VSMC H LTCC 192
RE'ST . RIS AL LA R AG I & B, miR-328 it
LTCC o, WV 3E I K ( CACNAIC) FIl B, W 3k 3t A
(CACNB1) A ¥R AE % M58 & BlmiR-328 AT LA
B S IT B PK 5 e LTCC 92635, miR-328 13 %
TR TT DAREAR AT O 2 WS s AR 2l J e JRE 101
AL A2 By 2 T B A ) o A AE A R
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2yWpyrik . JATHIINEGE & B, A Az gl ] 0 5 5
L1 M4 1 UL LTCC S5 4 F S RE E AL, k% 1f A8
DIRe , P MR AP (H S 2 i i T 1 L
B EE S RE R I TE LRI A TE R . ML Rz
BNAE Ry — P AR e s A% ) 1 4%, WTd i DNA FH 2
b AL B AT miRNA 45 36 038 1 184, TR 30
A AR DG B DY 26 3k, E T T3 0 I A 45 4 R 3
BN miRINA AR A 2 U0 3 2 11 2 22 4 B 40 7
I RGP m EERIL, 2 59879 VSMC B 11 iE
IRet . MU S SR — Pl R AR
FILE LTCC B 72, miR-328 2155 5 Hr,
HATH A, P, A 0F 5238 o 5 57 A7 4Alis Sl s
B WLEEAT S g0 1 I DR BT g i o LA
EBIkH LTCC WA miR-328 (K5 M, H-45
f miR-328 fEH A AYREAEA
1 #M#57E
1.1 #F#
L1 SE83hY

SPF 2% 12 JAR M IE 1L B WKY HlE &
PR I K R SHR 45 24 H, WKY AR5 2 270 ¢,
SHR K 2 245 g, W T Jb 50 4k i A 4 S50 3 1) 45
AA PRI [ SCXK (51)2016-0006] , 7 3% Tk 5t
BRI S H 2 [ SYXK (57)2016-0033), KB
U AROK 6 TR 22 ~ 24°C, AR XHE B 40% ~
60% , BT A S50 77 28 AR AL 5t IR B R 2 i sh Bl 52
Kz (R B2 1 2t (TACUC 2017003A)
112 EEH S

b2 gl 2 B R 3R ( Norepinephrine,
NE ) F1i# %% #i - ( Nifedipine ) ¥4 3K F sigma 23 A,
Rabbit polyclonal anti-a,; ( Alomone Laboratories,
Israel) , Anti—1 ( Sigma, USA) , GAPDH ( Santa Cruz
Biotechnology ,USA ) , Rabbit Polyclonal to a-SM-actin
(Abcam,UK) , BCA i 3fl & ( Pierce, USA) , miRcute
miRNA #2043 23057 & ( Tiangen, China ) , RevertAid
First Strand ¢cDNA Synthesis Kit ( Thermo Scientific,
USA), Alexa Fluord88 goat anti-rabbit IgG antibody
(Life Technologies, USA ), Lipofectamine RNAIMAX
377 (Invitrogen, USA ) , DMEM % 5% %k  HBSS 2% nf
WG LIS ST Penicillin/ streptomycin Y4714 3K T
Gibco ],

ST A3 4% F 45 B fE JC Y 1ML {X ( BP-2010A,
Softron  Biotechnology, ' [ ), PowerLab & %t

(PL3504,AD Instruments, Australia) , 25 ARG Il 45 2R
5K 73 % & 48 (620 M, Danish Myo Technology,
Denmark ) , PCR 1% ( ABI, USA) , % Yt & & PCR X
( ABI,USA) ,Chemi DOC XRS + Ji{{f% Z%: ( Bio-Rad,
USA) ,CO, 48853544 ( Thermo, USA ) , 18] & 4= W) .
f##% (1X71-F22PH, Olympus, Japan ) , Leica SP8 TCS
WO IR A R 40 (Leica, Germany )
1.2 FHik
1.2.1  KEOY A Rz shi s gy

WKY F1 SHR Bl HL 3 % i % BE4H ( WKY-C,
SHR-C) A1 %18 314 ( WKY-EX, SHR-EX) |, 541 %%
12 2, i@shH R RS T 1 A rE g, Z e it
1712 Fvh MM G s s, 3 00, 5 5 d, &
K1 h, EEN 20 m/min, #4 T 55% ~ 65% V0,
max, WKY-C F1 SHR-C £ Ry X B A iz 8l 1 i,
1.2.2  REURESNIKICA] i He b i

KT W | &2 R B Y I RN G 2R (heart rate,
HR) R H B 2 ik % fig JC 81 1fi % { ( BP-2010A )
M,
1.2.3 RO i A8 s il

FHKRRT 12 A REEE, &6 H, it
17 Bl ok 48 AR I R BRI B i, R U
TS G 2280 (50 mg/kg) BRI, 4331 T 1% 3 ik
FIBERR IR B T O vt (2 AR ZR) RN oo (1 HRER ) oF
2, Bk e Je A i 45 35 0 iy, T 326 400 g 245 FL AR A7
RIBY—/NO B A5 W A A A7 A8 O 1 4 A
2 e S, H 50 TU/mL BIIFZE S8 0.5 mL /2
AR, ORI 24 h KERIKE B4, 7675 B2 i
RS TFIH, 3 PowerLab £ 8t 3% 122 B 8l ik 4 &7 41
Mk SRR B Il Fe o =2 J5 78 K RUBC ik 49 51
S H 'S AR 2 ( Norepinephrine , NE |, 18 pg/kg)
1 LTCC BHWr7 Al %ﬂﬁ’T‘( Nifedipine, 1 mg/kg) , p)
FER RN A Ak, gl 245 49 9 33 33 18] B BETRDFE 5 h
PLE, DA I R A T 5 K
1.2.4 HE 5

BOK BN 3= 3 ik, 310 88 Ji s A 207 A7 8 e
ZoMB I I T R K S T A W U0 R S IS
BARZEMGPL e o, B R H S B R IR0
%, FH Image J AT, R MREARZLZLY) Jy Bl
BLS APEF B IEFIN 2 3 YR IEBCEIME B 5 A
PRIF 8P SAE A A g 3= B R I
1.2.5 HEE

K F SRR T 5 243 IR 2, B30 )5 H
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IEWNE R . SDS-PAGE HLTK 73 25 55 5
FEHE (2 50 ng) 552 PVDF B I, FH 5% BSA
£, A —¥HC Rabbit polyclonal anti-a,.(1:200) ,
Anti—B,(1:200) il GAPDH (1:500)4°C W& 1 %,
B2 RMAZIEIREE 1 h, N ECL &6 E
PVDF fi# I, it A Chemi DOC XRS + % &% 5.
1.2.6 Real time PCR

LTCC o, Ml B, WA mRNA Il & , By 3= 3 ik
() B RNA #E475 BLAY Real time PCR, miR-328 il
7E K A miRcute miRNA $& B3 25 34 7] & 38 B =

K ) miRNA ; 2K H RevertAid First Strand ¢cDNA
Synthesis Kit, LA U6 NS HE M, fifi FmiR-328 & +F
SHEEERZE A 51 BEAT U SR IV 5 cDNA 373
K Power SYBR Green PCR Master Mix 4T %
N, LTCC a,. .3 ( CACNA1C) Fl LTCC B, W %
(CACNB1) Lk GAPDH kN2 HE miR-328 L) U6
NS B, Fr A5 PCR KN ¥ 8 & 3k 47, R A
2B IEAT VR AR, 43 BT B Y 3k A A X R R
Ei BT 7/ I 3 2 /N e o A = 71
(&)

&1 RT-PCR 5975
Table 1 RT-PCR primers sequences

EIL/EA EmG1Y) LG
Primer name Forward primer Reverse primer
e 5'-GCCGCAGTTAAGTCCAATGT-3' 5'-GCACTTCTGTGAGCCAATGA-3’
By 5'-GCCGCGACTACTGCTAATGT-3’ 5'-GCACTTAGCTGAGTCAATGA-3’
miR-328 5'-ATTATATCTGGCCCTCTCTGC-3' 5'-TCGTATCCAGTGCAGGGTC-3’
ue6 5'-CTCGCTTCGGCAGCACATATACT-3’ 5'-ACGCTTCACGAATTTGCGTGTC-3’
GAPDH 5'-CCTGCCAAGTATGATGAC-3' 5'-GGAGTTGCTGTTGAAGTC-3'

1.2.7 VSMC JFAt 510837

B 12 JE I fa R et WKY | RIS , o &4 T
W R R E 3k, 18 T HBSS i, 35S i sh
ik JE PR i P 2L 280, 305 3l ok 9 It W HE B, 22 1
FE SRR FR LA, 37°C M E K FR B k245 min , 3
BIBIKOMEE, JF 25 BR N B2 5 556 4% 2 s 2R g 8 o
LA FE S Bk BT R4l /M (1 mm x 1 mm) ,37°C i
B 30~35 min, I E QA HE 17 S 52 WO AT fif 2H 2L
J 2K 51800 rpm B0 10 min, 35 1, B BAT
VSMC % 10% i 4 1075 A1 1% AT E) DMEM £ 3%
WEFR A 37°C F1 5% CO, RHiF- 46 vh 15 37 40 i
MEEFEML A VSMC % FE 15 80% ~ 90% I, Ji A Jigs it
HATTHATFARAR ; VSMC 1% 2 5~ 7 AR H 4 je %5 i i
60% ~80% It AT 4% Yy, i Tt LA S 1 WL Bl 2
H a-actin 255 VSMC, 41 5 223K 90% ~ 95% J7 A it
1 Ia S Je 55
1.2.8 VSMC % se et

W B SR ML AR R 5L, VSMC T 4% 2 R H
1% [ 5 30 min; JH 0. 2% Triton X~ 100 X 4 it 17 st
ZEFLIET 15 min, PBS 14k 3 ¥ JH 5%BSA 5 60
min , B IR T 45 A BUATEB AL ; 1 I —$T Rabbit
Polyclonal to a-SM-actin( 1:200) ,4°C &M H , PBS
THYE 3 /& 0 =3t Alexa Fluor488 goat anti-rabbit
IgG antibody (1:1000) , XF 41 4 & 60 min, PBS &2
PRE T INE R LS B 5 B R FE 24 h JREOBIE
RENBR ARG HITE SRS IR,

1.2.9  JRBTAREE G
BUE KRS B9 VSMC B 41 i ML 4 =
2 miR-328 mimic 2, miR-328 inhibitor £ F1%5 fig
& negative control ( NC) #H, >k H Lipofectamine
RNAIMAX i 7] 6 45 miR-328 T 4 ¥ 5] %% e it
VSMC( % 2) . TH Y45 24 48 .72 .96 h iLbE VSMC
AT VIR AR A, 46 Y4 J5 12,24 48 72 h I 5E
VSMC #17 mRNA i,
£2 4 miRNA THFS
Table 2 miRNA interference sequence
413] Groups J71 Sequences
5'-CUGGCCCUCUCUGCCCUUCCGU-3
5'-GGAAGGGCAGAGAGGGCCAGUU-3'
5'-ACGGAAGGGCAGAGAGGGCCAG-3’
5'-UUCUCCGAACGUGUCACGUTT-3’
5'-ACGUGACACGUUCGGAGAATT-3'

miR-328 mimics

miR-328 inhibitor

NC

1.3 FITZESH

SCIBAE Y LSE G + iR (& + s ) FR,
{1/ GraphPad Prism7 #{FAEE], R SPSS 17.0 4t
THROEIEA T AR 28 ORI R 254007, P< 0. 05 3
NS EA BEN,

2 4R
2.1 BEEHXNENEXREAE MEMOED

A1
FH KRR Fizsh T (12 Fis) fr 12 JJA &
BTG (24 JEE) R A R 80 ik Je ) i A &
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KB AL, 32 3 FT SHR-C 4R & B F KT
WKY-C 4 (P<0.05), i SHR-C 4H fY W 4§ J&
('systolic blood pressure, SBP ) | 7 7K & ( diastolic
blood pressure , DBP) il HR £ % & T WKY-C 41 ( P<
0.01), WKY-EX #H 1 SHR-EX 41{K &  SBP  DBP
FIHR 5% AXTRAM LS TR E2ZS (K1),

12 JAA F 15 8 5, WKY-EX 41 fil SHR-EX 2 {&
FIBFMT A A IELL(P < 0.05) ,SHR-C 41k
{558 FR TWKY-CZH (P < 0.05) ., WKY-EX #H SBP

A 5001 B
5 4004 o " R
o g 200 - §
ﬁ%w %
2 1004 o
0_
124 245
12 weeks 24 weeks
C 2504 D
@ . 2004
a0
EZ 1504
gé
g% 1004
gﬁ"’
504
04
12/ 2414
12 weeks 24 weeks

HR (bpm)

#FikJE (mmHg)

HEMT WKY-C 41 (P < 0.05) ;SHR-CZH SBP .DBP
A1 HR M5 T WKY-C 41, 1M SHR-EX 2H SBP,
DBP il HR &% T SHR-C 4H(P < 0.01) (K 1),
2.2 FEREHNEZFAEKXREENKFSEHZN

HE (a0 58 4% 41 K B 3= 20 Jok i JEE 22 4k ( (8]
2) . WKY-C ZHH WKY-EX 2H K Ui 3 3h ik = g
Bl 225, 5 WKY-C 414H Ltk , SHR-C 41 M 3 3h ik 4
BE I B4R (P< 0. 01) ; SHR-EX 20 i 3= 5l i e J58 i
F/NF SHR-C 41(P< 0.05) ,

ok

500+ # mm WKY-C
WKY-EX
B SHR-C

SHR-EX

1

1

400+

52 1983
f=1 (=1
< <
1 1

24
24 weeks

12/
12 weeks

*%

DBP (mmHg)
= v
T g

[
<
1

<
1

24)4

24 weeks

12/
12 weeks

TE: 5 WKY-C 4L, * P < 0.05, ™ P < 0.01; 5 SHR-C 4141, 7P < 0.05,%P < 0.01, (FEM)
1 AHIBE% WKY #1 SHR AREE i AL AR R0 (n=12)
Note. Compared with group WKY-C, * P < 0.05, “* P < 0. 01. Compared with groupSHR-C,*P < 0.05, #P < 0. 01. ( The same in the next figures)

Figure 1 Effects of aerobic exercise on body weight, blood pressure and heart rate of WKY and SHR(n=12)

A B
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= . P i e
e > > G-
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T A F SR L F 4548 (HE Y0, x400, 47 =50 wm) ;B I 3= s kaE IR G HHRIE
B2 ARz sl LR U 3 S KEE R B0 (n=6)

Note. A. Histological structure of the thoracic aorta ( HE staining, x400. Bar=50 pwm). B. Statistical histogram of thoracic aortic wall thickness.

Figure 2 Effects of aerobic exercise on the thickness of thoracic aortic aorta of rats(n=6)
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2.3 FEREHNESEKR O ME REH N
FSHRRT 12 AAE 3G , Rk E
R M R RO L SN o A A TR I S NE
(18 pg/ke) Ji , PUZH BRI 3 0 & 34 ; 5 WKY -
C 4 AR b, SHR-C 212 NE J5 F- 3 3l ik ( mean
arterial pressure , MAP ) Ft & i 5 ( AMAP) I 3 54 i
(P< 0.05) ;5 SHR-C ZHAH I, SHR-EX 417 4 NE

Ji AMAP % FF(P< 0.05) (& 3A 3C) ,

i K 1 9T Nifedipine (1 mg/kg) J& , PU2H KBS
M B 2T F&; SHR-C 41 K B MAP T R4 i 2 £ B
i, B3 ST WKY-C 4109 F B 2 (P< 0.05) 5
5 SHR-C ZHAH I, SHR-EX 41K FL MAP A% i B 0
B (P< 0.05) ; WKY-C 405 WKY-EX 41 MAP
FAAC I 2 0B (8 25 5 (€1 3B .3D)

A WKY-C WKY-EX SHR-C SHR-EX
o 3507 |NE 3507 | NE 3507 | NE 3507 | NE
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50 50 50 50
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0 1 2 3 4 5 0 1 2 3 4 0 1 2 3 4 5 0 1 2 3 4 5
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Time (min) Time (min) Time (min) Time (min)
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300 300 o 300 e
B 250 lefed.'p.'ne 250 lNifedipine 250 lleedlpme 250 | Nifedipine
I 200 200 200
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HZ 100 100 100
=l
50 50 50
o 0 0
0 1 2 3 4 0 1 2 3 0 1 2 3 4 0 1 2 3 4
i 1) (43-54) i 1) (43-%) i 17 (434 I 18] (53 4)
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& j* & &
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o F&ESLS
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® 2T ﬁa) o)
ME E W E
® E© HE 2
Fy = ﬁl;al( <
= d Bz = ¥
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B3 A%z S &R R U SN SR (n=6)

Figure 3 Effects of aerobic exercise on cardiovascular response of rats(n=6)

2.4 FERESHXNEMLEXRMERE LTCC o
fn B, LE mRNA FIZEAFRIEM I

qPCR Kl & 41 = 3l ik h LTCC o, F1 B, I
F 54 AY GAPDH ) mRNA A% 2 ik {8 (14 4A
4B), SHR-C 41 LTCC o, F1 B, /¥ mRNA [k &
B =T WKY-C 4H(P< 0.01) . £ 12 A Ei55)
J& ,WKY-EX 40 #1 SHR-EX 41 () LTCC o, A1 B, 1Y
mRNA FIR AR I RS (H 54 [ X A
b, SHR-EX Ay ZRiA M T (P< 0.01) 1
WKY-EX gl Rk m T EMW2ZES

Western Blot #2520 6 = 8l ik LTCC o, Fl B,
WP FEE AR 1Y GAPDH (1) 25 A X 63518 (1] 4B,
4D), 5 WKY-C 414 tb, SHR-C 41 g = ah ik

LTCC o, M B, £iLEFH LM (P< 0.01), 5 SHR-
C ZHAHLIL , SHR-EX 20K LTCC o, B FRILE B
PE R (P< 0.05),LTCC B, FEHF L LA B &
PEFIH(P< 0.01), WKY-EX 4" o, A FKILH
Fo T WKY-C 4t A7 ir NI (HR A AR
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