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[(WE] BH Wit ARAE I %33 R0k T4 F 40 RNAs(miRNAs) 8 % v, 51 & % 42 miRNA £ f % 2t i5
HERTRPHRAFTER., FiE LR 10 LREFHAGEAFRTS LT AN 8 A A RBH I %, 5% shEH A5 ) )| 4B o
R Z o MNHAIT—REWNBIES, EINENIE G LW HBIEZ bRl AR F 0 8 2h i A8 X 3547, B ol & BF 72 5 291 4k
WG B R AR LW 385 F B NG ik P miR-133a, miR-21 ,miR-146a,miR-199a . miR-15a #= miR-222 6 A« fo % 37 48 40 % #)
miRNA # KT, BR FAEHINEE . FFR L% Bk AE miR-146a. miR-222 ,miR-21 ,miR-15a #= miR-199a K F ¥ 2 % & F
P AT (P<<0.05) s 5 A LB FH %G % SR EAL, &0 35iE 31 miR-146a /= miR-222 8 # F & (P<0. 05) ; A A& 3
W4T, &M J 3835 B4 miR-21 A= miR-15a B F & (P<<0.05) . {2 R FAEH N4 E LK HBEH 5 HEKREH miR-21 f
miR-15a K-F £ F R4+ FEXL(P>0.05);NAMEH LRSS ERABEH TR SR miR-133a K-F £ F AT FEL
(P>0.05), #t—FEABRAMEITLAAFETE E P miR-146a KX F L VO, K-F EEAME(r=0.842,P<0.01),miR-222
AEAAEELE EF XX ZF 2 EMAG=0.920,P<0.0D)., & E3 A AR AR T3 A L6 miRNAs 7T A 4E Kok )l 4 R

9 4% & 49 ,miR-146a #= miR-222 EMAH RZ AN %G S hE e pRELRBATANKGHEA .
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[Abstract] Objective To explore the effects of aerobic exercise training on the circulating miRNAs and their roles in cardio-
vascular adaption induced by aerobic exercise training. Methods Ten freshmen were enrolled. All subjects performed an 8 weeks
swimming training. VO, ... and cardiovascular function were measured in acute exhaustive before and after the aerobic endurance
training. The key circulating miRNs (miR-133a,miR-21,miR-146a,miR-199a,miR-15a and miR-222) were measured at rest and im-
mediately following acute exhaustive exercise in competitive male freshmen before and after the aerobic training. Results Distinct
patterns of c-miRNA response to exercise were observed and adhere to 4 major profiles:after aerobic exercise training, the levels of
miR-146a,miR-222,miR-21,miR-15a and miR-199a at rest were significant higer than before training( P<Z0. 05). The levels of miR-
146a and miR-222 were up-regulated by acute exercise before and after aerobic exercise training( P<Z0. 05). Before the aerobic train-
ing,acute exhaustive exercise increased miR-21 and miR-15a significantly( P<C0. 05) ,however, there was no difference between the
miR-21 and miR-15a levels in acute exhaustive exercise and resting state after aerobic exercise training (P>>0.05). There was no
difference in the level of miR-133a between resting state and acute exhaustive exercise before and after training (P>>0. 05). Further
linear correlation analysis showed that the miR-146a expression in plasma was significantly positively correlated with VO, .., level
(r=0.842,P<C0.01),the change of miR-222 expression in plasma before and after training was significantly positively correlated
with EF (r=0. 920, P<C0. 01). Conclusion MiRNAs can be used as a marker to reflect the effect of training, miR-146a and miR-
222 play a role in physiological regulation of the cardiovascular function of aerobic exercise training in the body.
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PRI T 7 597 B miRNA, H A, 78 AR & Bl B &l ad
SEEHFITUESE M A 692 R, Xt miRNA ) & B AE 3F 58 %
X B B R A T 2 MIAR, H RS 24 Y7 SUE
Z R AL R WFIE 708 3l 2 27 SR B RNAs
(microRNAs, miRNAs) 7£32 3l 51 % JI 25 (14 36 [ i 72 ke 25 3k
T L0 2 AR P T R T AR T L I R A R PR RN R R
P AR L 0 LA B B UL 4 L 41 4 40 Al AR ok 45 450 . Zhang
PRI R BRI T miRNAs 780 I 5 5 0 1 & 28k
J ek 5 B AR T, (W B RS 48 miRNAs 38 77 RUAE S B0 0
LA 95 10 B 75 W RLA T RO #E AL 0% . Cheng 450 %% Biz 3y o]
DA AL AR 45 20 ORI 35 B A0 M e o ke 4 7= A 38 40 i N 3 T
DI SR 5 Mk miRNA fY R 5K . X 28 miRNA 7] DL g B ik 3] 1
YO0 Z 5 B L YOG B ) 3 4 R T A X R R Y 9 A ok
S M LA KT 32 B i 3 5

A B 5 AE A IS 0 S Al E R D 0 A R B A I B
Al DL AL = A 5 5 2208 10 miRNAL & AT 1 % $8 28 B 1Y
PV RS LR O A SRR . fh UL ST S B A e S
SCTR O % 6 A5 8 36 B, i AT 0 UL A 5 UL o8 446 AH G 19
miR-133a" 1 miR-21M%7, 41 i Bk 48 3% 7 AH 26 19 miR-146al"™
Al miR-15a"7 , i 45 4= AR 56 A9 miR-199a"" Fl miR-2228 4 2y
35 43 A1 miRNAs, 71§ 92 B & 4t 9 PCR kel 7 #1476 A8 7]
HAEZBHNGRIEEMNNFRE R, KEET miRNA 5.0 00
T BE A AR 23K I AH DC 0T L 4R 8 4GB Sh IR IR B bILAA L
1ML 785 385 7 RE 7 1 bR 75 4 » ) s S 1F 98 AL X A 422 Bl I 255 i
P 43 - 1L 4 A 1 B i
1 #R5HE
L1 —BR BEFEX R I K 2018 48 9 H WA =Ry 3R
BEE R B R A DU . RIS TG BT HEER LA A KA A
B EINGR S A AT BT B A I T v Bl s LA R
O T 5 B 3 IR A R D 6 28 [ A3 24 2 O TG I
0 I He L AR AR e UK B R T L RE A HE AT K B ]
Aizsh. Bk 15 A 3ZiE S, B 1Y S8 B 8K (Rp 4k 8
JD L ERREA WG LR AEC 10 &4, UHRX R 14
B (19.340.5) % , B & (174, 337, 8) cm, M i it (69. 453, 3)
kg 7E X6 A (], BF 5% % G2 oK SR AR AT 05 B8 A AT oA AT T K
SR B g ISR . AR EIE B KA B e 2
B2 e 5238 5 A0 X 00 BT B 1S AR T ST 0 B R 2,
FERAESMm.
1.2 Kk
L2.1 FRBFWNETE A ANGIT EARMEXED 5
RO YN R 57 07 I Y PR AR AT . A RS SRS R 10
JA o A RIS R PRI 2 JE A 8 JE A A sl gk, Bk
GE SR B L T A% 1 B R HILRE L Tk 5 i VoK OF S B 1Y i
LRI AR R AR 3 Wk 2 IR E ML . AR IR
B Y B 58 N 2 aE YRR B TR AR TS S O A
ERI S SR A R 8§ 2 5 F R IR 4E
AFF g0 G B TE I hwi Ja 19 7 SRS KB S 1 2tk s B e
S AP 4 mL # KO B8R EDTA #EAT PTEE . K & 2 Bl
FEAMIAEE 4 C.2 000 g H# T &0 10 min, 43 Bl E L2
ML T —80 CRyUKARMAAfAH M. ITES5EKR T Hul
SRUR B2 o A R BIE B 2 8h, oK P R R
1200 m,3i8 B3 K 606 ~70% .0 %% 4 (HRR) . & K Il 4k
T X BIF 7T 0 G2 0 AT 2 i R 50 S A T DA 5T X
ZHARREBAEI . DX R ER T X3S 3 I 25 . A 2 HE AT
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T R A o o B SR St TR R T A Y S PR AR — B
It B H [ — 28 g AN ARRE 2%l 19 BF 53 A 52 8
1.2.2.2 RAHEE (VO mo) MO M REIR IR E A
2 ST IS 25 EAT — IR S 13832 8, [ i 7652 2l vh I
WFFEXF G VOu o S AR I 1 2o il T RE 45 B o He HL A Iy 12 ] B2 4
WANF (O PR B & (Quasar % 532 ) B & L 78 ED 3 R
0. LT ZIXE = WA S LM 5 min, L& N & 12 3
7535 (2) IE 2GR i, SR 3 1532 sl 745 19 95 20, 0~1 min,
BYE RN 0L EFETE N E 7.5 km/h, Z iRl H AR
WA N B AR 2 ming (3D NEE 3 40844 L B 6 R 1
F 10. 0 km/h, AT 0, FR$F 2 ming (4 NHE 5 4380 A 46 i
BB E 12.0 km/h, B3 B O 38 BA9 AR BT 60 S B L B
BEIR A 0 AR FE 5 ming (5) EE 10 4380 JF 4h, M0 & o 49 &
12.5 km/h, [F] B B & B BE 30 2505 (6) S 11 4p b A ) . i
G YA B s 206 IF HLR A B 1Y 0.5 km/h, HE
SZARHEREIE 1B TC L TR T R A et B AR A
AR 53 M1 7 58 (Moxus, 3 D I 52 48 &0 48 6 5 (VO,) il
S (VE) i F# 7 0 35 AL (ALOKA, 15 . SSC-290, H H
A0 T E B K0 FR (HRuw) O 5 R B 30 (SV ) D
I 5 A it (CO ) o0 JIE 5 KA 1L 53 28 CEF ) 1 I B S8
SR CET,0 o 76 S0HE R 56 v, 24 3% 22 9 IR 4 it AR
AAE 5% 5K #E 150 mL/min 3% 2 mL » kg~' « min ' LA T, FEI%
BT 1.1, 2% 9% 00 R A JE R b B & S VO,
B2 LR VO, o
1.2.3  SeAtsE it PCR A2l 3% miRNA [ Rk A 6 4~
{7 3% miRNA, 4> % & miR-133a, miR-21, miR-146a, miR-199a.
miR-15a Al miR-222, 4&FANHIF 78 % 52 AN [i) sf ) i f) AL 256 o
FH 3% B2 T RNA S B il 3R 2 AR A7 E — 80 C vhr, PRtk 76 4
TRUHT R T B AE 37 C IR T % R RIS R A TRIzol 3
=205 1 RO016 , 28 25 KA W H AR AT BR 28 W) U WA 43 i 25 5%
PRI I b B RNAPS2Y R R 28 40 43 0% % BE 11 I % A
RNA BRI HE Ao AT Aso B+ FH Ao (HTH 55 5 RNA I S,
T Asgo /Ao EARR ISR B B RNA (206 5 5 J5 FH 35016 1 it
JBE HL Yk E— A K RNA

B2 R R LU AN REAS 3K 35 RNA 2 g 76 ) IR BIAR . % B8
Ut B 43 C ) 5 B L AR R 20 L, 7 2B — 4 cDNA £ B 7 &
(60906-10 7, [ ¥ FL X% AE W RHE A IR A R 76 R 57 3 I
(ABI9700 #Y, |G 55 Bh 2 AL 3% BR 2 mDD i 47 306 5% 5 &
cDNA, BfijgH 1 pL F3RG B cDNA SR, DL U6 154 N
S A R AR 3 AN S AL #E SE e ok B i PCR R &
(7900HT Fast, £ E ABI A7) #4732 0 2 & PCR, A {425 1§
JERE IR AT . s h I S B S ABL AR &
Blo SRHA 27T B L miRNA By A X & & (580 . CT
2% PCR N AG 0 3] 14 2¢ ) 8 3 (8 2 3% K F 15 o0 (8 19 18 38
B, AC AREFEAR CHIE K —FFEAR NS I Co fr g i 22
. AAC, ACFE EIRIRIEREA AC, W E X BAEA AC, 2.
1.3 geitse b B A i SR JH 4L B0 ] SPSS16. 0 #1458
TS8R . W50 % 5 1 B A BB AE A FE 48 A LA I 2% miR-
NA Fka bl 7t Fm. IRTJE #5 B4 bR 6 K-S Jrik
R 2 75 A5 IR A 40 A o o BOR AT G IS S A IR S 45
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Az BEFE BR R B ST R ¢ R 5 35 B AN A 1R A 4 A SR
IEZ# Wilcoxon's BEXF 5 . Y2k A JE A LR & F 4 miRNA
W2 E bR R 2 00 9 R 25 v . SR A G P 5R
miRNA J& Hopge 28 5 5 25 AR FRAR I R . T A ST K 5
9 XA 2 K5 3, P<<0. 05 B E S A G E X,
2 & ®
2.1 WERXMNZMAEARGR A RE IS, x5
BMI Fl 3 ik i & 5 1 22 57 o 8e i 3 L (P>>0. 05) ; 5 %535 5
Y25 J5 TF 58 068 52 %8 R ZS T #8036 CHRO #4940l 45
B Hh kM ETRET 10.4% . HR FFET 11.9%. 551
BT X (P<0.05), W1,

1 ARMEEREHINGHEHERFER (TLs)

A Il 45w e Y= t P
A& i (kg) 69.4+3.3 68.143.6  0.842 0.422
BMI(kg/m?) 23.440.8 23.14£0.9  0.789 0.450

Fk i HE (mm Hg)  118.5+7.4
# WK 1ML (mm Hg) 69.344.7

116.848.1 0.490 0.636

62.144.3 3.574 0.006

HR(b/min) 72.4%7.1 63.847.5 2.633 0.027

2.2 AEBIINGRHEE BN L0 M R INAT S
W5 % VE, HRpax  COnax Al ET o 22 5 TG T 25 8 L (P>
0. 05) s W ZRIGWFFEIF B2 VO, s+ SVl EF e ¥ 785 F YN 1 5
%S H G B L (P<C0.05) . 5 K 45 S 1 AR X {8 1] 45
BG40 900 52.07+12.31.,60. 76 +11. 89. % R L4 it % & X
(P=0.126), W% 2,
x2 WRMIFERSHINEGHEEENBIEZHERE
Rl il Th BE 36 AR K E (Tt )

oy WA plERE t P

VO 3 614.00317.00 4 138.004349.00 —3.515  0.007
VE 85.6+10.8 92.30+£11.10  —1.368  0.204
HR s (b/ min) 192.00+14.00  188.00£13.00  0.662  0.525

SViax (mL/b) 90.40£15.30  105.50414.70 —2.351  0.043

COhax (mL/ min) 7.60=+1. 20 8.40+1.50 —1.317 0. 220
EF o (V) 84.3443.12 95.564+4.56  —6.422 <<0.01
EThin (s) 0.8740.17 0.8340.15 0.558  0.590

2.3 A RE S UIZRRTE T 58 X 406 30 00 P miRNA 3h 2548
RGO A R shlZRmi . o 95 X5 5 S0k 1 0852 3 )5 18 26 1 i
H miR-146a.miR-222 .miR-21 Al miR-15a 35 ik 7K F 5 # B4k
A2 B YA G833 B L (P<<0. 05), i miR-199a I miR-
133a Z R ¥ TG it2 5 L (P>0.05), £4FEZhIN%)5. T
FERT G EORZS T P8 26 MW P miR-146a, miR-222 , miR-21,
miR-15a Al miR-199a & 1k 7K - ¥ &% F I 4R i (P<<0. 05) , [ B
SYNnn 2tk 13812 81 5 K7 F 24 . miR-133a 76 Yl 257 /5 &
BRA T ZERLLIT%E L(P>0.05), A48 3% )5 . o
FE G Wb AT 2k 3842 B & PUAE 3R M miR-146a, miR-222
FeIk K- B 2w\ T U 4R AT i B ORE (P<<0. 05) s miR-21,
miR-15a Fl miR-199a £ 3k 7K - ¥ 8 2 & T I 4R 57 # 2R &S
(P<0.05)  HESII%EHERESHRERF LEITEREX
(P>>0.05) ;miR-133a 5YIaT#H QRS HKERLEIT¥ B
X (P>0.05), W3,
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=3 BEREHIIGEEMRE B/ ME
1 miRNA 7K (£ 5)
I ZRHi e
miRNA
e Tz sE i35 J1iBiagE
miR-146a 9.72+1.34 22.37+4.92 20. 46744, 38 50. 54+10. 37
miR-222 10.37+1.62 17.63+2. 35 18.42+2. 96 37.3348.42
miR-21 46.72412.35  88.77+25.43 86.41+27.12 91. 37428, 65
miR-15a 9.43+1.54 30.18+8.91 31.56+10. 23 33.21+11. 45
miR-199a 47.28+12.91  49.37+15.67 146.57+38.45  139. 65+36. 81
miR-133a 2.49+1.12 1.3842.31 1.9842.01 2.69+2.45

2.4 WFSEAT GG IR M miRNA 5.0 (i 45 2 B8 18 4 19 4 56
KFE HREI, PRI R MK P miR-146a F ik & 5 H
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P R IEAR L (P<<0.0D), WK 1.2,
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ARBFFE T T A R 2 3 I 2 3458 3l 5 A6 26 0000 45 5
miRNAs B350, P K 26 miRNA 5.0 I 55 % 38 2y 3% B 3o F
TR VR . 45 R R BAE Bl GUAE FF I 2 A A2 Ak Y miR-
NAs A LAE A S Wil 25 550 3R 19 45 35 4 miR-146a A1 miR-222
TENLAR A 2 2N 25 0 148 ) B 3 I A 5 A 3 ORI
fEH

Safdar %7 K B 55 & B miRNAs 58 a8 36 8 5% 54 )5
WEERZSS T K Iy 2k d 09 & 8 JLIG . Nielsen
SEDOVTE 10 44 4R R (B 5B M R B g & BAE 12 JR I I 2 G A
PEIZ 325 F 30 miR-133a Al miR-1 k8 H & 12 J i 53
IR HE M T 2 tkiE sh, LRI R 5 P miRNAs If&
A &4 AE 4k, Davidsen 50 % B H0 B 45 25 5 BUF 5+ miR-
NAs ZENL AL w S N IL A U AR B K. SR TiTae 4
ik FEA 2 B 2 B0 A2 ) BLAE 2600 P 9 miRNAs
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BANTE RN RE I SR D . ARTF 5 & Bz 3 2 5 SohL 4
PG I H miRNAs 2k & Ak, 3 A X AL RS
HOR ZE 1R IE S A 6 B MK A A g I 2 DRk

ARG 3 R 0 LA B UL U 46 A5G B miR-133a Al
miR-21 , 4ff Jifg 5 4035 0 A 56 B9 miR-146a 1 miR-15a, Ifil % 2E
A Y miR-199a 1 miR-222 1E Jy & 3% 43 #r miRNAs, If H &
T EATAENG 2R My P 1Y 23k . miR-133a ik 5 B K.
FKFE ik 7K P miRNAs; miR-15a, miR-146a F1 miR-222 3 ik
W EE 9 45 235 K ¥ miRNAs; miR-21, miR-199a 3% ik
EE . B R IXKFE miRNAs, X 5 Mitchell 46527 75 g B IE
iz Bl B3N T R I 3] B YE B 2 — B0, [ BF 5 Fichtlscherer
AT A S8 0 BB N B v G 0 ) 31 PRt 7 A B I AR S 3 1R
W—B, XELAIE T 2 & Ry ik i E At N TR AT AN
/] B 1] 50 AH OG miRNAs B2 & A AT 7 L6l B4R v fig
B R 22 5 AR AE A B 52 8008 R Mok & 2R E — B0 .
X H I — AN T L 57 4 5 I 2 A YR BIF 9T G T 2 T
W . W58 & B2 J) 98 32 2 8132 2l A6 B I ' miR-146a
M miR-222 235 & W 3F W0, X 7T BEJE R A £t 10852 3 AL
A B B LA JTL A8 S5 07 A= 7 38 » DT 45 5 AL 0K B s DL
U407 A= K & miR-146a, miR-146a A] DL 1o 25 A 51 40 5 7
iR SR P8 N 7 2 PR AH G B 1 6 (TRAF6) #1 I 4l A F-1 32 1k
A B 1CIRAKLD) &40l A 26 4 M 85 1 0 38 3k, AT & #4470
2T 0 ke S R A 2 A I T TR e o A 4 T 40 T 8
Bk, AT A A o B AR A A P A 4 R AR T
AHFIE AR K B B 5E X R ML B miR-146a ik &5 H VO, .
TR 2 E A 56, 3 AT B8 S B A A7 3 16 26 LV P miR-146a
K V- i 5 T 45 5 Tt 52 328 20t B A0 L S5l 4 ) EsF AR 3B AL 4k 7 A
T8 O AR A R B R B A, DR TS MK miR-222 %
R Ar 5 EF S48 & W IR A G . 3K AT fE & B A miR-222 78
ML Pyt 2 02 1 o 4 1 AR A A Y. B G2 3h Ul % )G miR-
222 PRk A2 JLMRE (R 10 WL AL ZU AP Il 45 8 A DT A 0
LA B AR AT 2 0% 1 S SORTBE &, X FE O LA L 75 32 3l P i 45 15
A 7, B EF dwaksok .

3 3 A A S S G TS IS Bh 5L R S RN R RS
TG I L miRNAs ik K-, 35 kK B35 ) GG FF 1
H miRNAs 78 A4z #3340 032 2738 N 72 2 30 W) 1 32 38 K
-, B3 2l 5L AE B M 8 A AR A6 ) miRNAs ®] LUE
2 WL IZ B33 IR B AR S ) . miR-146a Fl miR-222 7E LK
B FAZ SN ZR 0 0 L ) B S N R AR HE T A S AR .
XI5 45 TR il 15 3h 51000 L8 2R 58 8 4 M 3E N R T
Rz sh g AR Y128 3 R G52 SME 38 s 345 B 4L Tk e L i
! ACTI
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