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[ ABSTRACT] Aim To investigate the effect and mechanism of miR-376b-3p on proliferation and apoptosis of hy-
poxia reoxygenation (H/R) cardiomyocytes. Methods Cultured cardiomyocyte H9¢2, hypoxia-reoxygenation method
was used to simulate hypoxia reoxygenation injury in vitro, and a model of myocardial cell injury was established.  Flow
cytometry, Western blot, enzyme-linked immunosorbent assay (ELISA) were used to detect the apoptosis rate, apoptosis-
related B lymphoblastoma-2 gene( Bel-2) , Bel-2 related X gene (Bax) protein expression and inflammatory factors secreted
tumor necrosis factor a( TNF-a) , interleukin-6 (IL-6) and interleukin-17 (IL-17) in normal control group, H/R group,
anti-miR-NC group, anti-miR-376b-3p group, anti-miR-376b-3p +si-NC group, anti-miR-376b-3p + si-fibroblast growth
factor 21 (FGF21) group. The dual luciferase reporter gene assay was used to detect the fluorescence activity. Re-
sults A cell model of hypoxia reoxygenation injury was successfully established. = miR-376b-3p mRNA expression was
significantly increased, FGF21 mRNA and protein expression were significantly decreased in the model group. The cell
apoptosis and inflammatory factor levels of TNF-ou, IL-6, IL-17 were all inhibited, as well as up-regulation of Bcl-2 protein
expression, down-regulation of Bax protein expression in inhibiting miR-376b-3p group. In addition, miR-376b-3p can
also target FGF21 mRNA.  After inhibiting FGF21 ,the protective effect of inhibiting miR-376b-3p on H9¢2 cells damaged
by hypoxia reoxygenation was weakened. Conclusion miR-376b-3p can promote the apoptosis and inflammatory re-

sponse of hypoxia reoxygenation myocardial cells, and its mechanism may be related to targeting FGF21 mRNA.
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R FEE R AT R R O RO L
L S PP T 5 1 R LR o R+ s 2, 3 O A
e RIG I7 AR A TE R R PRI, O L ik 260 52 4R
(hypoxia reoxygenation , H/R ) 5 45 % 4t Jftd 1 53+ 4L
il FORITFE REAE AT B T 11 PR b B 5 R 7 2R .
/Iy RNA (microRNA ,miRNA ) 2 5 A\ K LR 11
KA, s O LB E A B, miR-
376b-3p TE'V AN A | R o 2 LA I 4 20
TR VE 7 . miR-376b-3p J2 J & 1 5 4 it 98 Al
T 245 o 440 A v R ) miRNA 22— AT
J 85 JE 45 % RNA TTN JZ X RNA 1 (long non-
coding RNA TTN antisense RNA 1, LncRNA TTN-
AS1) FI3E 4 PE PR RNA 25 15 8 40 i 1 33 7 4
TR R 2R | (AR A B 40 LA 3
HRYAE B AL R o0 v 2 AT AR i A K
[A-¥- 21 (fibroblast growth factor 21, FGF21) 7 H/R
7 [ 0 A5 1 v B AT 0 T A 48 B A PR 9 A
FI™ (S5 miR-376b-3p 1£ H/R O LR 4
FHEIARSCPE R T, ARWF5E B 7E 4R FE miR-376b-
3p £E H/R O WL 5 A A T B2 AL, Ao H/ZR
O R TR S

1 #EFTE

L1 ##

H9c2 %8 Ho 1 B F [ 5 BT 58 Bt 40 0 J 5 J B 2
B V-R A & B K &/# L H % ( Annexin-
Vfluorescein isothiocyanate/Propidium iodide , Annexin
V-FITC/PT) J 1= 4 Il X 7| & 9 B 3T 7 2 2k & 4 &
i &l NG H b 3 3R 3 B F o (tumor necrosis
factor-at, TNF-ou) £ U 3% 7] & | & 48 48/ & 6 (inter-
leukin-6,1L-6) £ Il i 7| & , & 40 f8 /> & 17 (interleu-
kin-17,1L-17 ) & WX Fl & 9 W B L 2= XA R
Bty K% KX 7 & W 8 Fermentas /A 3] ; SEH R K &
R % X-R 4 B4 K B (real-time fluorescence
quantitative reverse transcription polymerase chain re-
action, qRT-PCR) 4 X 7] & 1 B db 3w K B % X K
AH A KA F, miR-NC,miR-376b-3p  anti-miR 71
siFGF21 3 i b ¥ & 3 5 ¥ it & ok, Ak 51 4 oy
A AL B Z A B R

1.2 BEESERKNET

H HOC2 20 JE JF & 10% b 2F i % 09 A 1K 20 B
3 75 # (dulbecco’s modified eagle medium , DMEM) 7£
37 C 5% CO, FEFfa P HEAFERER,

i B3N 400 97 st H9e2 40 ¥ AT 8 4. 24 h
F4 1 h BB o B 0 AL 4 AR 15, 2 ST A
HEAMA (H/R4), ¥EFEFREY H2 % MR
HIEH A4, 5 15 DNA 2 ok & i g R4
miR-NC %1 ( # % miR-NC) , miR-376b-3p # ( # %
miR-376b-3p mimics) ,anti-miR-NC 41 ( % %¢ anti-miR-
NC) .anti-miR-376b-3p 41 ( % % anti-miR-376b-3p) .
anti-miR-376b-3p+si-NC 41 ( 3£ % % anti-miR-376b-
3p #7 si-NC) . anti-miR-376b-3p+si-FGF21 41 (3£ %% %
anti-miR-376b-3p #1 si-FGF21) # % & HO2 %1 jf1 | %
8 h J&, #h Ao BT HE R A4k 53 5k 48 h, Al qRT-
PCR Z# A LM B FER G AR ER, BEL R
WA A MBBATH AR AN E REREA A KA
T S A 40 MK B Bk 4 % R M (enzyme-linked
immunosorbent assay, ELISA ) | % /& El 7 ( Western
blot) #1 qRT-PCR 5%,

1.3 s R AR 6 28 AR =

WERESMN A, B0, A AL RAEE
10° AN/L, B2 mL Bl ¥ 000 40 L L 4 & 4% v iR
500 L #ATE#, % J5 % B Annexin V-FITC W % 41
AR T A 3K ) & BE K #E 1E A\ Annexin V-/FITC |
PI #4738 % KB 10 min, £ % J& S B b o =X 20 AL
HATH T AR M, AR (%)= FHATE
(%)+BIBT-F (%),

1.4 ELISA #&l] TNF-o\1L-6.1L-17 &=

WERERMN @AM, BOREFR AT
TNF-o IL-6 1L-17 A & th &l , B 1E 5 B s
B3 % BB TNF-o 4 9 3R F) & 1L-6 4 3 4R A
% IL-17 ELISA # U X 7| & 0y 36 W 5 2 kK 347
BAE,

1.5 Western blot #illl Bel-2, Bax, FGF21 & H
Rix

WO BT AR B 4m R B B AR R AE vk b Xt
AT EPNEBE  RBREEE, AFXLHRE
et EAHFTEE, KERBABENE BT
T, THE, W EERAR#AMTEE B EKN L
B, BRkERE HEEARENHEBE RE A
7. ¥ (polyvinylidene fluoride, PVDF) fi k| #% f 3t 2
HOEANR RIS FRIFES CHIE A, RS
Fa, A e ot FEAT AL B3 AT — (1 -
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500 ~1:1500)4 CiFaETRAE, BHE,Fiz
NZHAEB(L 2 1000 /B FEZRAHETE
H 2 h, %K 5 H ¥ & K (enhanced chemilu-
minescence , ECL) Z ik | &3 AT 2 ¥ B A AL HE,
K A Quantity One 2K 241 4 4 & &, DL BB & A
K EAE 5 Bk B H i B L & B ( phosphoglyceraldehyde
dehydrogenase , GAPDH) &K B 0y th & 7~ B th & A
MRk,
1.6 gRT-PCR # il miR-376b-3p, FGF21 mRNA
xRix

0o B2 BT B A4S N B 4 B B 48 B R Trizol R 3R B
B RNA, %A 408 K E % 2 260 nm 4 2 RNA A&
FREBRFFEAREFRAAEMKLEZERAE
5% RNA R %% 5 & cDNA, JF B 4| KB 1R &, 3
79 %, L U6, GAPDH & N &, £ In 45 R X A
27OCC R IAT N, RORL A N 194 °C R M 2 min;
9K J& 94 °C ,30 min—58 °C ,30 s—72 C ,30 s #HATE
A3 45 MEIRR, & EEMIEE 72 °C,2 min,
5l 4 15 B (5'-3") : miR-376b-3p L i 5| 4 5'-GTC
GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA
CTG GAT ACG ACA ACA TGG-3', #3541 5'-GTT
AAT CAT AGA GGA AAA TCC ATG TT-3';FGF21 Lt
W 4 5'-CTG GGG GTC TAC CAA GCA TA-3', T
#5145 5'-CAC CCA GGA TTT GAA TGA CC-3";U6
E #3145 5'-CTC GCT TCG GCA GCA CA-3', T 5l
#15'-AAC GCT TCA CGA ATT TGC GT-3'; GAPDH
B # 5'-TCC CTC AAG ATT GCT AGC AA-3',
T #5141 5'-AGA TCC ACA ACG GAT ACA TT-3',
1.7 EWEERESH

Wit A E R F AL EEE TN K 3k Starbase
(http ://starbase. sysu. edu. en) Ll 5§ FGF21 8 4

AWy miRNA, AR 4E miRNA % % P F1 miRNA
FE NCBI & AL 45 o 2 &k 3K 3 2 47 7 A & &
miRNA % miR-376b-3p,

1.8 WAL HEHR S E E N L1646 I 48 A
miR-376b-3p 5 FGI21 W& &

A psiCHECK-2 # &4 & pk o B oy 2 B )7 71
(FGF21-WT) #n R & ¥ 7| (FGF21-MUT) 7 & £ #
R, MK Ot & B AR & & K psiCHECK-2-
FGF21-WT ., psiCHECK-2-FGF21-MUT, ¢ J& A # #
BFHERLERZAMM, ZARBHERL, T
Kh %W F B & RRE MK DNA, & B *K
psiCHECK-2-FGF21-WT, psiCHECK-2-FGF21-MUT
A g FE AR % 4 31 5 miR-NC ,miR-376b-3p . anti-miR-
NC ,anti-miR-376b-3p #£ % 4+ £ H9c2, # Ja #% M N
RAEFHBREZERNE R RABRERAHE
KBEUNEBESTELESE L EREENEERT
miR-376b-3p 5§ FGF21 W44 71,

1.9 Sit#4biE

SE 5o o BT R B B9 PR B4 R R SPSS 2201 #EAT
A4, GraphPad Prism 6.0 ¥E 474 % A 44|, it &
B wxs F T, % 4 1E B K F ANOVA +SNK-¢
Bo P4 B B AR AR R A B L AER R I, ML P<
0.05 kT =R EHLITFEL,

2 # R
2.1 BRESSERNEST
mE 1 1 ME 2 fis, 5IEH 5 IR R,
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Figure 1. Comparison of cardiomyocyte apoptosis in normal control group and H/R group
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F1. EEXRA H/R HOUHEEFR TNF-o IL-6, IL-17
BEMLEB(n=9)
Table 1. Comparison of contents of TNF-o, IL-6 and IL-17

in cardiomyocytes of normal control group and H/R group

% 2. miR-376b-3p . FGF21 mRNA ZEIE# X B4H H/R A
DA EIRIE (n=9)

Table 2. Expression of miR-376b-3p and FGF21 mRNA in
normal control group and H/R group (n=9)

(n=9) ne's Al miR-376b-3p FGF21 mRNA
S| TNF-a IL-6 IL-17 1EH X 2 1.01+0.08 1.00+0. 06
IEHXTIEL] 156.14+9.28  123.02+7.09 104.20+8.63 H/R 41 3.09+0.21° 0.52+0.05"
H/R 41 189.35+8.93" 175.21+9.75° 153.17+9.91° ; 27.768 18. 437
¢ 7.736 12.988 11.180 p 0.000 0. 000
P 0.000 0.000 0.000 a}y P<0.05 , 5 1F 3 6 B4 LA
a N P<0.05, 51EH %R H#
E¥3EE HRA
E¥TRA  HRA
FGF21 | A
Bcl-2
-— — GAPDH | S —
Bax c— Rl
1.5
GAPDH | s el
25 K
W F ST ER 4 HE:) 1.0+
2ol COH/R4AE a s
) - B
ﬁ 1.5 E 0.51
QE% 1.0+ =
A . o |
05 ' EEXRA H/RZ&
0.0 Bol.2 Bax B 3. FGF21 ERELEEXRA H/R A0 ALEMPHRIZE

B 2. Bcl-2,Bax EAEEE A H/R A0 AL A+
RiE  aly P<0.05, FIEW X IR HLHL
Figure 2. Expression of Bcl-2 and Bax protein in cardio-

myocytes of normal control group and H/R group

2.2 EBAEER HO2 4HAEH miR-376b-3p, FGF21

gk 2 3 Fs, HIEH KRR i, H/R 44
JfiH miR-376b-3p ik & T, FGF21 i mRNA Al
A FRIA ) R (P<0.05) .

a ) P<0.05, 51 X IR A
Figure 3. Expression of FGF21 protein in cardiomyocytes of

normal control group and H/R group
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I ERRAN(ER3) Al Bel-2 HEHRA BE T
i, Bax  HRIE B EFEK(P<0.05;1415) .
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Figure 4. Effect of miR-376b-3p inhibition on apoptosis of H/R cardiomyocytes
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% 3. #1%] miR-376b-3p X3 H/R 1 ALZA A TNF-o IL-6,IL-
17 SBHIRIM(n=9)

Table 3. Effect of miR-376b-3p inhibition on the
contents of TNF-«, IL-6 and IL-17 in H/R cardiomyo-

cytes (n=9) ne/g
x|l TNF-a IL-6 1L-17
anti-miR-
NC 41 179.88+8.55  172.98+9.21 147.338.17
anti-miR- ) 03£9.87°  151.08+8. 68" 127.94+9. 98"
+ + +
376b-3p ZH e U T
t 4.560 5.191 4.510
P 0. 000 0. 000 0. 000
a } P<0.05,5 anti-miR-NC 41 IL#
B
O% 31602’9
P\ A
2™ o™
BCl-2 | —
Bax | - R
GAPDH| -
2.0 B anti-miR-NCZE
a [ anti-miR-376b-3p4H
a
151
)
o
wg 1OF
B a
0.5F
0.0
Bcl-2 Bax

& 5. #14] miR-376b-3p Xf H/R (> ALZA A Bel-2, Bax & H
RIZMIENE  a iy P<0.05,5 anti-miR-NC 2 L5,
Figure 5. Effect of miR-376b-3p inhibition on the

expression of Bcl-2 and Bax in H/R cardiomyocytes

2.4 miR-376b-3p #B[@ FGF21 mRNA

A5 82443 H 1 £ miR-376b-3p 5 FGF21
) 3" UTR i fF7E IS LR 45 5 i (Bl 6) . 5
miR-NC 4 F %, miR-376b-3p 41 FGF21-WT .0 JJLZH
Ji B e S T M i 3 BRI ( P<0. 05 ) , FGF21-MUT 41
LA GG AR A A i3 (R 4) ,miR-376b-3p 4.0
WL4R L FGF21 & H 3k B 3 FEAK (P <0. 05 &
7). 5 anti-miR-NC #] I %%, anti-miR-376b-3p 41
FGF21-WT 0> AL 40 Md 19 2¢ 56 3% o B 3 T &5 (P <
0.05) ,FGF21-MUT 4 ()5 yeidi M AR b AN 8 3 (3%
4) , anti-miR-376b-3p 4.0 WL4H L FGF21 2K [ 3RiA
BETHE (P<0.05;1817)

FGF21 3'UTR-WT 5’ GCCAGAGGCUGUUUACUAUGAC 3’

[ | | LI
3’ UUGUACCUAAAAGGAGAUACUC 5
5' GCGUGAGGCAGAUUAGAUACUC 3’

miR-376b-3p
FGF21 3' UTR-MUT

B 6. miR-376b-3p 5 FGF21 B A RIA
Figure 6. Complementary binding sites of miR-376b-3p and
FGF21

R4, WRAEBMEEERLHBER (n=9)
Table 4. Results of double luciferase reporter gene experi-

ment (n=9)

il FGF21-WT FGF21-MUT
miR-NC 2 1.00+0. 05 1.01+0.07

miR-376b-3p 41 0.41+0. 04" 0.99+0.05

anti-miR-NC 4] 0.99+0.09 0.98+0.08

anti-miR-376b-3p 4 1.89+0.09" 0.97+0.09

F 661. 640 0.479

P 0. 000 0.699

a N P<0.05,5 miR-NC 41 H % ;b 2 P<0.05, 5 anti-miR-NC 41
LA,

£ 059‘& v\d&
&5 & &
@Q\/ &\\Q\ ’b&\\) ’00\\'
FOP2T e e

GAPDH | S S S S

2.5~

GEPOE{=E v

((\\Q‘ S &\\Q"

B 7. miR-376b-3p f @A O FGF21 EHRIA

a P<0.05,5 miR-NC 4 I #;b 24 P<0.05, 5 anti-miR-
NC 21 e,

Figure 7. miR-376b-3p negatively regulates FGF21 protein

expression in cardiomyocytes

2.5 BB FGF21 #EHHME] miR-376b-3p XF H/R 10
AL B = | M B 40 i B 55 )
5 anti-miR-376b-3p +si-NC 41 H %%, anti-miR-



880

ISSN 1007-3949 Chin J Arterioscler, Vol 28 ,No 10,2020

376b-3p+si-FGF21 2.0 WA 73K B & T+ i (P<
0.05;8), TNF-a \IL-6  IL-17 1% 5 35 i & T

anti-miR-376b-3pZA anti-miR-376b-3p

(P<0.05;%5), 401 Bel-2 & 13235 W 25 R AIE
Bax £ 435 8 % 7+ 5 (P<0.05; & 9) |

anti-miR-376b-3p I anti-miR-376b-3pA

i-NC4 i-FGF21% [ anti-miR-376b-3p+si-NCZH
reNOH I = i anti-miR-376b-3p+si-FGF214H

100 10* 10 251
‘ &

10° 108§ 10! 5 20F
: b

a 10? @ o102} & T 102 & m 15F

A 2 —

| 10
10 10 10 5

» A 5 2
[0 SUCUPRFEDRU BV 00 b ol <]

10° 10" 102 10° 10* 10° 10" 107 10° 10*  10° 10" 10? 10° 10° 0

Annexin V-FITC Annexin V-FITC

Annexin V-FITC

[# 8. &R FGF21 #E4M4%] miR-376b-3p Xt H/R £ A4 B A T B 2201

a N P<0.05,5 anti-miR-376b-3p+si-NC 41 IL#5 .

Figure 8. Knockdown of FGF21 reverses the regulation of miR-376b-3p on apoptosis of H/R cardiomyocytes

5. LALAE R K EF TNF-o IL-6,IL-17 £ 2R L&
(n=9)

Table 5. Comparison of contents of inflammatory factors

TNF-a, IL-6 and IL-17 in cardiomyocytes (n=9) neg/g

434 TNF-a 11.-6 11.-17

anti-miR-376b-

;‘“ IQE"“ 156.99+8. 67 150.97+10.47 132.54+7. 89
p £

anti-miR-376b- | o 17 05 148.67+8.44 130.24+9.05
3p+si-NC 4

anti-miR-376b- 01 23 8 61° 168.41+8.78" 143. 1647, 98"
3p+si-FGF21 H e T T

F 8.484 12.196
P 0.002 0. 000
a N P<0.05, 5 anti-miR-376b-3p+si-NC 2H HL.#%¢

6.171
0.007

3 iF

ARSI T HE 37 T S A5 0 UL 4 A
A I o qRT-PCR | Western blot K 17 H miR-
376b-3p HIFE 3k, K I miR-376b-3p Fik W B 7,
FE B0 miR-376b-3p AEAE 154 4750 LA M 1) A
TR R K T TNF-a \IL-6 IL-17 F43 0, 350 miR-
376b-3p 15 i 200 LA I B2 405 3 7 v & A
HEVER, TR IE T miR-376b-3p (4 i Bl 450 & 46
DB TIRE . JF— 2538 5 R W {5 B2 T | 3
DG ER il A 2 i PR AGE DN S 6 TR SE T miR-376b-3p
#15) FGF21 mRNA , iX 7] 845 miR-376b-3p 7£:L> L
YA R T e A — R A O, ARBF 5T IR
R T R D LA P FGR21 3636, B3
FGF21 (FRIAW AR, Mo FCF21 J5 , M miR-

%

N\ N4 N
S e e
BCl-2 - a—

Bax - aw— a—
GAPDH e S ss—

H anti-miR-376b-3pZH

201" anti-miR-376b-3p+si-NCZA
anti-miR-376b-3p+si-FGF214H
a
— -
X 1.5
s
py 1.0 T =
124 a
m b
0.5
0.0
Bcl-2 Bax

B 9. B FGF21 #E4H] miR-376b-3p X H/R L:AlL4H AR
f1 Bel-2 71 Bax E B R ERFME a } P<0.05,5 anti-
miR-376b-3p+si-NC 21 H#%

Figure 9. Downregulation of Bcl-2 and Bax protein expres-
sion in H/R cardiomyocytes by downregulation of miR-
376b-3p by FGF21 knockdown

376b-3p AR A A0 LA I B R T AN E R IR T
WA AR FH RIS a0 B XA E5 R AE— R b
WL T FGF21 & miR-376b-3p 7EHA B E0 L4l
JeLA 473 vk HE A F A D R S AR

miR-376b-3p 7 A Bl 1L A0 WILAE JEE0 1) A& ik
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PP B A —E M5O Pan VAR R I,
B 0 L WEARRZ R M3 BEAS 47 A B0 LB 1t
P, I ELAE i O I ZH 20 miR-376b-3p
A e ARSME S AL S S 0 HOC2 A1 A,
UNZNMLAF % SRBRA 200 B P T B 1) Ca™ R0 B P 3
PEE ST, P A R A E B AT S miR-376b-
3p B4 0 r I R R 48 3% T ((brain-
derived neurotrophic factor, BDNF) A 3¢, # 7~ miR-
376b-3p i L [5] BDNF A2 i 0o LSk i A 452 475, 3X
ST miR-376b-3p 1O ILER AR A 1455 H A T i
ML BEE T 560, T2 AR5 H miR-376b-3p fiE
PR AE A E B 005 L 200 ) 98 T N R T TR A
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