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Abstract

Key words

Background and Aims: A large number of studies have been carried out on the regulatory action of
adenosine monophosphate-activated protein kinase (AMPK) on circulation system, and it is confirmed
that AMPK can modulate the relaxation and contraction of arterioles by regulating the concentration of
free calcium ions in the vascular smooth muscle cells (VSMCs). Previous studies found that AMPK can
help the arterial relaxation through increasing cofilin activity that can cause the depolymerization of
cytoskeletal protein filamentous actin (F-actin) into the monomer, globular actin (G-actin). Therefore,
this study was conducted to further investigate the molecular mechanism for AMPK-induced cofilin
activation.

Methods: The second- and third-order branches of the superior mesenteric artery of C57BL6/N mice
were harvested. Using the pressure myograph model, the responses of the isolated arteries to epinephrine
and acetylcholine were determined, and the vessels with a contraction rate >30% and a relaxation
rate >90% were used for the experiment. Then, the vessels were divided into two groups and added with
AMPK activator PT1 (PT1 group) or vehicle DMSO (control group) after pretreatment and pre-
contraction with high potassium MOPS solution. The vascular relaxation responses of the two groups of
vessels were compared. After that, the expressions of phosphorylated AMPK (p-AMPK) and other
relevant downstream proteins of AMPK in the vascular tissues of the two groups were detected by
Western blot or immunofluorescent Western blot.

Results: The vascular activity of all experimental arteries met the requirements. There were no
significant differences in contraction and relaxation abilities between the two groups of vessels (both P>
0.05), and there were no significant differences in blood vessel diameters during pretreatment and pre-
contraction between the two groups of vessels (both P>0.05). After corresponding treatment, the blood
vessels in PT1 group were gradually relaxed, while those in control group showed no obvious change,
and 60 min later, the average vessel diameter in PT1 group expanded to (196.6+11.5) um, while it in
control group was (136.1+£8.1) um, and the difference had statistical significance (P<0.001). In PT1
group compared with control group, the expressions of p-AMPK and G-actin in vascular tissue were
increased, which were (3.254+0.52) and (2.26+0.64) folds of those in control group, while the expression
of phosphorylated cofilin (p-cofilin) was decreased, which was (0.48+0.19) folds of that in control group,
and the differences had statistical significance (all P<0.05); the expression of total heat shock protein 20
(t-HSP20) showed no obvious change (P>0.05), but the expression of phosphorylated HSP20 (p-HSP20)
was increased, which was (2.454+0.52) folds of that in control group, and the difference had statistical
significance (P<0.001).

Conclusion: The results of this study suggest that HSP20 participates in assisting AMPK activating the
cofilin, and the mechanism may be associated with the activated AMPK increasing the level of p-HSP20
that competes the binding site of p-cofilin, and then causes its dephosphorylation and increased activity,
and thereby reducing cytoskeletal actin homeostasis and promoting vascular relaxation.

Arterioles; AMP-Activated Protein Kinases; Actin Depolymerizing Factors; HSP20 Heat-Shock Proteins

CLC number: R654.3

NSRRI B T SRR EBE O A, —ORAR E PR E AL SR MR T DR AR = B
#200~500 pm (9 B ik, HAEEREILA MERS A 2RO M RELEHE T Wi, Nk iE Ay
P A AU S i AR BRI LT B 8 B 58 0T o 1L 2R 8 95 s 1 7 3 A AR 5 22
FORA —E B Bk, DUTTZE F5 ALK IE i R WrfE . /NSl Ik &F 46 D BE A4 I 45 ke T 5 A I T

© WA F [ H3E A FH 4 E BT http://www.zpwz.net



5 6 11

K AKHME, S R ER R LR B HEE TE L cofilin 1§ /N 3 Bk £ TR B9 AL A R 801

B UFES Ca™ W T CaBURME (FF Ca™
W), b AR RS E 1 (actin) 225
R et

B RO E O
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BN cofilin 2 W AR AL, AT B4 N cofilin 3 5, {2
AR E 2R sk L3 25 (filamentous actin, F-actin)
OB AR UL 3h 3 1 (globular actin, G-
actin) o H HET7E/NS K A 14-3-3 85 A PR BY cofilin 25 8
2 Ak BARBLE i A RFF Y, A BESEE 1 /) B
ZJBE B k5 AMPK 5% 1L cofilin A ML

(‘adenosine

endoplasmic  Ca**-ATPase ,

1 RS

1.1 XIEzhY

C57BL6/N /N L 20 H (116 55 1058 56 3 1) 97 4
V), MEHEARER, 4% 8~12 . A7 SR 1E Y ™ 4
116 3 49 S 36 AH OC RLAR ©
1.2 BhEKH S EFILIE

J7 AN SCHRUIHRGE o AT AN R o WSk b B
B, [ WO B, RS WO RE, DT RRR R A
LU ERE , T M E 3 BRI, 58 % i )
B I 2 W5, Y R MOPS 28 Wl A7 . 7 B iss
Tk F o B R R LA k. B L. 1%
Bk T 55
1.3 MmMEINEESIE

P BEOSCERUO Y Rk AT LS s R H R )
myograph 15 ) | MOPS ¥y 22 w1l %8 & 7 4E 4%
7E 60 emH,0 (1 emH,0=0.098 kPa) , 7K ¥ i =
37 C, IR SL SR TE 37 CHEIR T 17, B
S5, R 1 pmol/L ¥ [ iR 2 F1 30 pmol/L £ 1 JIH 5%
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WK FIagesess ., FESLRATMT: (1) A& SERCA
104 551 Thapsigargin (1 wmol/L) H.JE Ca* A MOPS Fii
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¥ I GAPDH . # % kb AMPK (p-AMPK) . #% % 1k
cofilin  (p-cofilin) [ F 3k o FH & 9% ) Western blot
R B -actin | AR 7L 1 20 (heat shock protein
20, HSP20) M W24k HSP20 (p-HSP20) . 525 i
B W G-actin K KE W . A5 A $% B8 G-actin/F-actin In
Vivo Assay & & 0 Ul B P R #F 47 Ab B
( Cytoskeleton, Inc., FE) P
1.5 FitF4bE

25 iR I & 1 ER Gk i3 O 5 N 2 GAPDH 5§
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21 IMENEELWLHER
I 55 395 P T BE R I 2 s 7 A0 i 4 S P T e

BEES. PTIAHS X EAXN 1 mmol & I JIF & Ik 45
RO (37.25+1.86) % . (3683+2.12) %, #
SXFEITFE L (P>0.05) (F1A) . PT1 4 5%
X 30 wmol/L Ach &F 5K % 43 B & (98.92+
1.68) % . (97.83+195) %, R L& #E X
(P>0.05) (51 1B) . 1 pmol/L. Thapsigargin J& Ca* [}
MOPS i 4k ¥ J5 PT1 41 F1%F B 240 1 % B 42 2 9 M
(261.4+124) pmAl (2603+12.5) um, EZRLG
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Figure 1 Vascular function test

il

A: B ERRFESMAEWLE N ; B: AchifE MY KN ; C: PG HREk

DMSO 4t ¥ 60 min J5 , PT1 41 1L % B W 3" 5k &
(196.6 +11.5) pm, XfHEZ M3 &N (136.1=
8.1) wm, ZFAGZIFEE L (P<0.001) (E1C),

A: Epinephrine-induced vascular contraction response; B: Ach-induced vascular relaxation

response; C: Changes in vessel diameters of the two groups

22 HXEBEREER

5 A tdg, PT1 40 48 20 21 h p-AMPK 7K
S-BH 2 TH R, T p-cofilin 7K - BH (2 BG40 51 A X R
My (325+£0.52) 5. (048 £0.19) 5, %
BHEitEm X (B P0.05) (F2); 55X B4
B, PT1ZH I HLH G-actin KFEH B TF &, AXT

X HRZH PT14H

AW (226+£064) 5, ZR A% %EX
(P<0.01) (E3); S5xFREAI e, PT1 AL 42
WP HSP20  (1-HSP20) /K F JC B 8 A8k, {H p-
HSP20 /K 7 B & FF A Xt BRI (245£0.52)
%, ZERAESITFE X (P<0001) (K4),

El2  Western blot il ¥ 4H I & 26 23 F1 p-AMPK F1 p-cofilin F&i%
Figure 2 Western blot analysis of expressions of p-AMPK and p-cofilin in the vascular tissues of the two groups

papilcea] PT14H

G-actin

o _

&3  Western blot #ill # 48 I & £ 21 1 G-actin ik
Figure 3 Western blot analysis of expressions of G-actin in the vascular tissues of the two groups
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4 6 0] Kok, IR BE B B R JE U cofilin 7 % /) 30 BiCET K B AL B R 903
t-HSP20 p-HSP20
1.54 3.0+
P<0.001
P>0.05 X I
L T E
o B I bl 40
® 1.5
p-HSP20 = =7
ZE 059 Z 1.0
t-HSP20 0.5
B-actin X HRZH PT14 X HRZH PT141

BEl4 25K Western blot 4l /% 4 il & 40 41 Fh HSP20 R34
Figure 4 Immunofluorescent Western blot analysis of expressions of HSP20 in the vascular tissues of the two groups
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AMPK HE 38 i 380 cofilin B9 75 7 (B AR 2 1L cofilin
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