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The function and mechanism research of mitogen-activated protein kinase-interacting
kinase-2 in promoting cardiac repair after ischemia/reperfusion injury in mice by ac-

tivating cAMP/PKA-CREB pathway
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[ ABSTRACT ] Aim To explore whether mitogen-activated protein kinase-interacting kinase-2 (MNK2) facilitates
cardiac repair by inhibiting cardiomyocyte apoptosis induced by hypoxia and reoxygenation in mice and its underlying molec-
ular mechanisms. Methods The cardiomyocyte hypoxia/reoxygenation (H/R) model was induced in vitro.  The ex-
perimental groups were H/R+virus vector group, H/R+MNK2 overexpression adenovirus group and H/R+siRNA-MNK2
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knockdown adenovirus group.  Adult mouse heart ischemia/reperfusion (I/R) injury model was induced in vivo.  The

experimental groups were 1/R+virus vector group and I/R+MNK2 overexpression adenovirus group. ~ Western blot was
used to detect the expressions of MNK2, p-MNK2, B lymphoma 2 related protein ( Bax) and B lymphoma 2 (Bcl-2) ; Ter-
minal deoxynucleotidyl transferase mediated nick end labeling (TUNEL) was used to detect the level of cardiomyocyte ap-
Subsequently, the primary cardiomyocytes of H/R+MNK2

Differ-

optosis ; Echocardiography was used to detect cardiac function.
overexpression adenovirus group and H/R+virus vector group were used to perform RNA sequencing ( RNA-seq) .
ential gene enrichment and Kyoto Encyclopedia of genes and genomes (KEGG) were used to analyze the mechanism of anti-
apoptotic effect of MNK2. Finally, the regulatory relationship between

Results

The related cAMP signal pathway was found.
MNK2 and ¢cAMP/PKA-CREB signal pathway was explored through rescue experiments. The expression
level of p-MNK2 was significantly increased in H/R model group and I/R model group than that in the control group. In
vitro, overexpression of MNK2 significantly increased the levels of MNK2 and p-MNK2 expression in cardiomyocytes. At
the same time, it was found that the expression of apoptosis index protein Bcl-2 increased, Bax decreased, and the number
of apoptotic cardiomyocytes reduced by 69. 16% (all P<0.05) ; Transfection of siRNA-MNK2 decreased the expression of
Bel-2, increased the expression of Bax significantly; In vivo, compared with the I/R+virus vector group, the cardiac func-
tion of the I/R+MNK2 overexpression adenovirus group showed no significant difference at 1 hour after /R, while recov-
ered significantly at 3 days after operation, in which the ejection fraction increased by 36.24% and the short axis shortening
rate increased by 46. 19% (all P<0.05) ; TUNEL staining showed that myocardial apoptosis in I/R+MNK2 overexpression
group decreased significantly by 28.65% (P<0.05).

confirmed by RNA-seq, bioinformatics analysis and relevant experimental verification.

Subsequently, the involvement of cAMP signaling pathway was
Experiments showed that overex-
pression of MNK2 activated cAMP/PKA-CREB signal pathway and the inhibition of PKA would enhance cardiomyocyte ap-
optosis inhibited by the overexpression of MNK2. Conclusion Overexpression of MNK2 can significantly inhibit apop-

tosis of mouse cardiomyocytes after H/R and improve cardiac function by activating cAMP/PKA-CREB signaling pathway.
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Figure 1. The expression level of p-MNK2 was activited in H/R model in vitro and I/R model in vivo



390

ISSN 1007-3949 Chin J Arterioscler, Vol. 30, No. 5,2022

2.2 MNK2 EE#ERTHIE H/R {5 50 A28 B
BAT

F T kA B E MNK2 38 %oF O JIL 48 it 47
T2 A8 D AR T A /N BRLC UL i /R RS
30 H/R + 235 8K 40 1 H/R + MNK2 5 26 3k 4
Western blot 45 3 #2 78 H/R + MNK2 1 £ 5 4H
MNK2 . p-MNK2 7K~F-H 5 F 55 ( P<0. 053 B 2A) ,
T AR IE & [ Bel-2 32k /KI5 7+ Bax 22 1
FIR KV U] W BEAIR; TUNEL 34 845 1 /R H/R+

A HR+ZHHE H/R+MNK2idFRikE

B

H/R+siRNA-
c HRASHHE MK
p-MNK2 ‘ —— — ‘

Bcl-2 ‘ | —— —— - ‘

ox [ ——|

GAPDH |- l

MNK2 3% 35 210 WLAH 08 T2 7K F 7 B 69. 16%
(P<0.05; ¥ 2B) . it — a1 H/R+%5 2R 41 Al
H/R+siRNA-MNK2 2H , Western blot 25 i 7% H/R+
siRNA-MNK2 2] MNK2 , p-MNK2 # B & #1 il , Bel-2
FEIBIKERRIL, Bax ik KT (P<0. 0518 2C)
RS SRR IAFE ARSI AR LA I b ik 33K MINK2
PR AT H/R B4 5 O LA 6L A 98 T i
MNK2 J4 5 2338 0 H/R S50 47585 50 ey JUL 20 B 1)
P,

O HR+=#ifk A
P<0.05 M H/R+MNK2dFix4A

1.5 0.05
X

1L

p-MNK2 MNK2 Bcl-2 Ba

P<0.05

EQENREE

P<0.05

4_

2+

0

TUNELPH BT B EE 51/ %

H/R+Z &k H H/R+MNK2
ik

TFRIE
COH/R+Z=H kA

15r- I H/R+siRNA-MNK24H
- Fel0s P<0.05  p_g05
« 10}
i
K P<0.05
o o5k j
) ﬂ

Wm0 m O

p-MNK2 MNK2 Bcel-2 Bax

B 2. 5 FRERONAME H/R it RiE FHUE MNK2 XA Ti5HR 2 00
A A H/R+ZE AR H/R+MNK2 53 23541 p-MNK2 \MNK2 , Bel-2 Bax ] Western blot ¥5:1iF ; B 29 TUNEL # 5 a4 (A % H/R+25 2K 41
1 H/R+MNK2 3 35200 WU R B9 98 727K 7 (A QSR 4 M, 20 (AR O LA, 2 (5,40 38 TUNEL FHPER AL ) (n=3) ;
C M H/R+2S 48R40 Fl H/R+siRNA-MNK2 41 p-MNK2 \MNK2 , Bel-2  Bax 2K 112235 7K -1 Western blot BE

Figure 2. Effects of MNK2 overexpression and knockdown on apoptosis in H/R model of neonatal myocardial cells in vitro

2.3 LBERGLEST MNK2 BRimE R ME /R #1(5
BRSSO IR

T — 2R 5] 2 06 45 SR 7w e AR A0 AR O L 20
Murf, 3 258 MNK2 34 T # 6l H/R B LA i

FIPET., A T REME HE — 20 LEE MNK2 & 75 RE 7E 1
Py BT T el O IE D BB, FRATTSR AR /)N
BT I/R AR EE AR AR b A T 55 MNK2 33F
Tk SRR NG R, VAL R+ 25 8R4 I/R +



CN 43-1262/R " & Sl k{244 & 2022 4F55 30 455 5 391

MNK2 53 A4, R PZH 2 1] 90 I 3 g R =
T b , T IR i 28 3% MINK2 3t 2 75 AT L) xk i 4F
/N B MR e P8 40 1 B R P R T (T8 3A)
S5 5 R0 UL 403 DX 38 T B 485 7Y MINK2 35 [ A1)
FIREAR ST p-MNK2 Al MNK2 7K B & 755 (P<
0.05; 3B) . SRJGHITEARIT 1 h A1 3 KX HLL/N
BT T A DI RER A, ZBLFEEIS 1 h /R+
MNK2 1 FA 24 /NS VR +235 # K4 A0 oo T fig
AT B A8 Ak (R B AR AL (B) R 24 h) (P>0. 055
KI3C F13D), HAEFHEER 3 K, O U X 5

A VRA S8/
0 1
|

MNK2 st 35 i B 4 8 i D I, AH T /R + 25 23K
R, 1I/R+MNK2 3 ik 4/ BUO T EE (EF A1 ES)
PIA B R i s FLrh i e B T 36.24% L, JH
AR R T 46.19% (P<0.05; % 3C F13D)
TUNEL e (625 B2 0] I/R+MNK2 11 63520 /) Lo
JULEH B T 7K B S, 5 L/ R+25 AR 4HAH L
TRET 28.65% (P<0.05; K 3E) , DL L2530,
FERAF /N O LR 453 DX S8 S 44 MINK2 1 3
KR TR RENS M /R 50 WLAR M T, ol
DL /R B 5 OIREM IR

o

EHREIES DEBERD

MNK2i3 Rk B m s
B
VR+Z=#{k2H  I/R+MNK2id K%k H
p-MNK2
MNK2 |3
GAPDH | wiss s snmee e
c VR+Z 34k B(RE1 h)
D

St 4>#/%
S & 8 &
SEENAE R R %

D QD D

N N (3] (2]
FREELE g
L R
j‘@“ _)_\/’yﬂ‘ /.’%((" )S%' /;’é* X
N4 ‘7;‘/ x’g/ (7-}7 <5
\\Q“ @é‘l‘ \\Q‘ @é‘l‘ \\Q“ @éﬁ’
\\Qx \\Q~x \\st

I/R+MNK2iE A E(RIF1 h) VR+Z#HEARFIE) VR+MNK

72 96
| |
I AERB A AT TUNELZ &

Western blot#il

P<0.05 —V/R+=#HilkaA
L] = |/R+MNK2id ik A

p-MNK2 MNK2
25 FRIAA(RFIX)

=

= i -

P<0.05

B 3. BF/NRER /R RE hidRE MNK2 38 T1HRMO I EERI

A H/NEL LR ARG S S SO UE S 5 B D Western blot SIS ZE /N /R ASEHY rp O WU 473 X380 43 31 i 5 28 B B 54 MINK2
I FB BT p-MNK2 F1 MNK2 (97 I R357KF; C A D S AR I/ R+45 2R 2 AN I/R+MNK2 3 R4/ JE 1 h #13 KIGHY
DIBEXE R (n=5) ;E N TUNEL Sese YL A I/ R+25 SRR AT I/ R+MNK2 33 33520 /0 BLC LA B 08 T 15 1
(¥ RRAMAZ, O aRF NN, 2003 TUNEL FHPER.OHLZEHD) (n=3)

Figure 3. Effects of MNK2 overexpression on apoptosis and cardiac function in I/R model of adult mice
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Figure 4. RNA-seq sequencing analysis verified related genes of MNK2 in H/R model
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