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NEDD4 participates in myocardial adaptation to chronic hypoxia by regulating

AMPK
Ju Shengjie, Li Tianbo, Jian Zhao, Ma Ruiyan, Li Jingwei, Jia Weikun, Tang Fuqin, Xiao Yingbin ( Institute of
Cardiac Surgery, Xinqgiao Hospital, Third Military Medical University, Chongqing, 400037, China)

[ Abstract | Objective  To determine the role of neuronal precursor cell expressed developmentally
down-regulated 4 ( NEDD4 ) in myocardial adaptation to chronic hypoxia and investigate the underlying
mechanisms. Methods (DA total of 32 children with congenital heart diseases [ cyanotic (n =18) or acyanotic
cardiac defects (n =14) ] admitted in our institute were recruited in this study. Their tissue samples of the
right ventricular myocardium taken immediately after aortic clamping were employed to detect the distribution
and protein expression of NEDD4 by immunohistochemical assay and Western blotting respectively.
@ Cardiomyocytes were cultured under normoxic or hypoxic condition. The hypoxic cells were transfected with
NEDD4 siRNA by Lipofectamine® RNAiMAX Reagent to knockdown the expression of NEDD4. The cells
without transfection or transfected with non-targeting control siRNA served as control cells. Then the cells were

cultured under normoxia (74% N,, 5% CO, and 21% O, ) for 48 h followed by hypoxia (94% N, , 5% CO,
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and 1% 0,) for 72 h, Western blotting and flow cytometry were used to detect the protein expression of
NEDD4 and phospho-AMPK and the proportion of damaged myocardial cells respectively. Results

(D Cyanotic children had significantly lower oxygen saturation than non-cyanotic group before surgery (P <
0.05). NEDD4 protein was mainly located in the cytoplasm. And its protein level was obviously lower in the
cyanotic children than the acyanotic ones (0.42 +0.06 vs 0.72 +0.07, P <0.05). @ The proportion of
dead cardiomyocytes was larger in the cells under hypoxia than those under normoxic culture (P <0.05). But

NEDD4 siRNA transfection inhibited the cell death induced by hypoxia (P <0.05). Western blotting showed
that the level of p-AMPK was significantly higher in the transfected cells than in the blank cells (0. 88 +0. 04

vs0.21 £0.01, P <0.05). Conclusion

hypoxia by regulating the activation of AMPK.
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N 12 75 1k 3B B 3 ( Adenosine 5-monophos-
phate-activated protein kinase , AMPK ) & — Fl 7F B 4% 4
WL I AEAE N 22 Z IR/ 7 A R B I , oy 2 g
SACHHA T RO . (U2, BEAEEE X AMPK 7E .0
JULZH A 35 PR 9 7 S i 5 B EE 2D, AMPK {5
P IBRTIPLE AT RE . PR RTIA MR B R E
T ZE A 4 (neuronal precursor cell expressed develop-
mentally downregulated 4, NEDD4 ) 2 it J& 311 3hi| K]
15 16 -5 5K 71 2 1 [R]JR %) ( phosphatase and tensin hom-
olog,PTEN) 32 Z 1M, 454 () WW S ¥ 7]
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A" . Kalinichenko %£'* % B{l, NEDD4 [ il 5] AMPK
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fITHEN - 7E.C L 40 e v NEDD4 7] i 2 5 AMPK {5 P
AT o ABETOR LS NEDDA 7518 M i 4800 AR A<
T RIE AR, R sIRNA T4 AR # 57 NEDD4 fI§
FEIRAHMIAEEAY, K P NEDD4A 335560 JUL2H it 42

PEBR A 52 10 K AMPK i 10K P 122 4k, B 7E 35
of NEDDA4 X AMPK {5 1 14 98 47 7 T 7O UL AR e 1
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Je B AT 10O 223 R M Ol S B AR UE , F TR
IREEANIAA 1 b LA 0 P ot A i A R . A
B AE SR AL, P34 i A R B > 95% HL DU B S i
FIE 225 <2% , IR RKIZW R Z RIFR A& 4 E i
B (VSD + RVOS) , A 47 2 [B) B BB A A In Ay
F U E G AR S AL, P2 I AR RN EE <85% HL Y
R I 4 2 0 BE 25 S < 2%, it R 2 B Ry 5 % DO B A
(TOF) sl A5 % X 1 (DORV) |, 75 2447 47 =5 i 3 6
WA HEBRARE : 8 LE I HAD O ERTE | 23470l
FRaFAR L HA RGNS . RIE LA ARiE, Ak 2013
AE1 & 2014 1 AR T FARIGIT IS0 &
JL 32 i, AL LT RILE 1,
1.2 £ A

HO2 .0 LA ML ik (W B ATCC 4 it %8, Il A< 5K
RGBT ) , DMEM S b5 5% 2 ( Gibeo ) |, Jif 4 1l
I# (Gibeo) , B4t (HyClone ) , i i ( Sigma ) , PBS (H1 42
M), RIPA 240 (3 = K ) ,DIT (3 = K ) , PMSF
(EmR), EABEREMHF (E s R) ,BCARKH &

x1 2 GIRHBSIEEZHABILIGRER

A5 n w/Y FER(D) I A 12 W M AARIAE (%, v £5)  MLLHEA(g/L, x+s)  FHlaE (x+s) %]
gkl 14 8/6 25.4x3.8 VSD +RVOS 97.6 £2.5 129.4 3.1 66.7 +2.1
St 18 9/9  20.4:4.3 TOF .DORV 79.3 +£3.0° 134.3+2.5 64.0 +3.1

a:P<0.05, 5 3k % a4k 3
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(#BxK),SDS-PAGE HH FHZ i (5 x, B =
K) ,SDS-PAGE BEfi ( HHIC) , BSA HHAW (FH=K),
SDS-PAGE H1, yik ¥ ( F AL ) , Western # B ( L) ,
TBST ZZ v ¥k ( B i) , PVDF i ( Whatman ) , PageRuler
i Yt 25 14 ( ThermoFisher ) , AMPKa T 1 ( f $T A,
CST) , Phospho-AMPKa Fi 44 (et A, CST) , NEDD4 $i
(Bt Millipore ) , B-actin HTAK (bt A, TR ER) ,
HRP $RICHY TG (I FH05, 248 HF) , Opti-MEM Me-
dium ( Invitrogen ) , Lipofectamine ® RNAIMAX Reagent
(Invitrogen ) ,Stealth RNAi™ Pre-designed siRNA ( Invitro-
gen) ,Stealth RNAi® Negative Control Duplexes ( Invitro-
gen) ,BLOCK-iT™ Alexa Fluor® Red Fluorescent Control
(Invitrogen ) , Annexin V-FITC 4% (BD) %%,
1.3 7
131 FRARRRE W RURRIME 8w e U T i
HENTARSMIGER , T A PR 1945 2 3t O LA 2R
VERARAS K ARA T W ER 53, —FB 53 L 2 AR
AT, Western blot £l NEDD4 &3k, 5 — &R i A
10% /R S AR[E E , e 2H AR NEDD4 25 1 760 UL
20 A 23
1.3.2 AR 2H ALK NEDD4 7E.0 JULAH M b i) 5 L
OV E 5 P A s, U 4 um JRJE,
— PPN NEDD4 ik, Fi Bk B2 12500, —Ht
HEYIFEARCH HRP 1 3E50 % 166 Hik, A AEBR%
WG & U W] 45484, BB Wl a¢ NEDD4 760 L
A9 o e L AR A
1.3.3  Western blot K:ill.0» L4141 NEDD4 3%k 48 1k
TEW A UL VRAF RO ILZH L, B 100 mg AR I
VT SDS R rh i LA 9K, vk B34 30 min J5,
B0 (r=10 ¢m,12 000 r/min,30 min,4 °C) J5H &
W,z ] BCA ) A U2 o 3 o A5 hn A IS5 o
B BT KA S min J5, A 8% SDS-PAGE BEE
AT LUK, VR R AR BT ED 2 PVDF I |,
5% BSA ZEIREM 1 h, fIIA—HTZE vfi (NEDD4 it
4 1:5 000) ,4 CHEPR 7, TBST =¥ 5 min x 3 3,
DL B-actin S N2, E il —Hr (HRP Fric (9 1 HT %
IgG 1:1 000) F[4] 1 h, TBST %t 5 min x 3 3, k2% &
I W ME H A BN 255000 R BE . K H i
A FUN 2 257 0 R BEABLRY BUAELAE A A 2R T R R

FSUNTE
L35 AiMaiaR 550 & 8% MG 4 Mis i)

=B DMEM 3535 565 95 HOe2 (O LAR I 37 °C 5%
CO, 5575 H o H5 HOC2 L JULANI 53 2y 48 2 18 1 i
S AP XS IR 18 VBl A F 20 Dy R 25 5%
Yo AT s ge 4, R i Lipofectamine® RNAIMAX
Reagent % % siRNA 225 1 ikt S 2H R B M X6 HR A0 UL
0 b CHG v B X R ZH A G 1) siRNA 27 A7 50 R

B, B TR G iR i i e Rl ) , BR D IR %
VLB, e QL J5 B AW A48 (74% N,,5% CO,,
21% 0O,)$55% 48 h, 50 iU WS FH R X BRZH 00 L
20 PR ARG 0 27 T 23 (i) I g e S 2 JUL 00 i A S5 A
¥ (94% N,,5% CO,,1% 0,) 4kZe3E3772 h J5 L
Jifl, Western blot #;ill] NEDD4 . p-AMPK 23k 7284k, i
Y M AAG I C LR Bt 195 L 491
1.3.6 Western blot f&jll] NEDD4 , p-AMPK 3 ik £ 748
b B REFRARE W B R, TS 1Y) PBS v
3 3k, I RIPA Z4A, 5 vK 1 30 min J5 1508 2 ff 24
R, B0 (r=10 ¢m,12 000 r/min, 15 min,4 °C) J5HL
3%, BCA M AW i, 5 SDS-PAGE #E 1 AR
IR (S x ) $2 4+ THEBITR A , S 2 SR Bk /K s
5 min f5 EAE, RTAIRF 1.3.3,
1.3.7 X4 A A WesE bk ab BEE 9 454l
MM, 20 (r =10 em,1 000 r/min,5 min) F B 73
W, AT PBS Hl Annexin V-FITC A6 95 2 57 2 17
L, RIS i A AL P BE e 00, R R R 5T, 2 TR
W E 20 min, 58RI T A0 BEASCR
1.4 %tz

KT SPSS 13. 0 GE it f4, FUH B LA x 5 R,
ZH AT R Ty 220 ik, W LL AT LDS &,
PUZH LLAAT ¢ K

2 HR

2.1 ALSHLZEZR & NEDD4 & ik 6946

A LR S Y 45 R 78, NEDD4 25 1 &1k
BRI G (0 S A48 (0 90K, 2 B NEDD4 3 (4 0k 1 85E
LT O WL BR F SRS 4 4L A B, S22t 4 S 00
FILG A NEDD4 25 (355 B & AR (AN 1) o

.

AJE R4 ;B R atm
1 2@%E0REBILEZENKN NEDD4 ZEHERE
FREDALHRRIE  (SABC x400)
2.2 ANRMHZ SR NEDDE & & & A KT 49
ik

Western blot il A JJL4L 41+ NEDD4 % [ 3%
KR AT K 2, SARSEAI ML, a4t
O L LA H NEDD4 3 1 23K /K7 2 2% B AIK
[ NEDD4/B-actin 45717 JK J& FL(H : AE 2544 41 (0. 72 =
0.07),%42H(0.42 +0.06) ,P <0.05]
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1 2 3 4 5 6
T T T T
B-a(ttin(42><103)".. . . . .

1 ~3:3E%44;4 ~6. 5440
2 Western blot #ill 2 ZB5% /R &R JLOAALR
NEDD4 &£ B %K%

2.3 F4k NEDD4 # ik 3t AMPK i 44 K -F 49 % v
siRNA #5428 H9c2 0> UL T 0 5% YL SR L
3A,Western blot #:ll] NEDD4 2 [ FE A 4445 W
K 3B, R IhEEYL siRNA [ H9c2 .0 ULZH Y ( 2T 555
YR ) 24 o5 B JULZH 2R ) — A0 B A 2 s X 0L
LML) 11 95% ;578 %A 41[ NEDD4/ B-actin 57 K
FEHAE (1. 20 £0.07) , p-AMPK/AMPK %45 J% Jif He (B
(0.08 £0.01) JAHH, X} #RZ1 NEDD4[ NEDD4/ B-actin 4%
HORBE LA (0. 65 £0.02) | FRIKFEAL . AMPK B kK
[ p-AMPK/ AMPK 4577 JK 3 HUARL (0. 22 £0.02) ] Fh i
(P<0.05) ; 5as[qiEyesd | NEDD4/ 3-actin S IR
{E(0.70 £0.03) , p-AMPK/ AMPK 4% JK & HLAF (0. 21 +
0.01) JAHEL, T4k 45 YL 40 NEDD4 323k [ NEDD4/B-actin
SHF KB LUAEL (0. 15 £0. 01) J B#AIK . AMPK 82 1k 7K
F-[ p-AMPK/AMPK 2575 JK B U AE (0. 88 0. 04) | F
(P <0.05) ; %f M4 5725 R Y 4140 Lt , NEDD4 3%
iEF AMPK B2 AL /K- TEG 2425 5% (P >0.05)

®

1 2 3 4
pAMPK(62x10°)—> M A

e 8 - -

- . -
— Lo
B-actin(42x10°)— - . " H ®
b ~ B/

AR BB R 2 5 e vl L s B4 b ¥ tm R B 89
re) ( x200) ;B: Western blot 48] & 28 . AL 4w i, NEDD4 |
p-AMPK A& 1.8 8202, 5B m;3. 2G4t 4m 4. F
HaEgm

3 F#i NEDD4 RixXf AMPK BEER K 7K TR 220

NEDD4(115x10%)—

2.4 AR AK N S e e T4 R

A B AR S5 R UL 4, AR A i L il (% ) =
Q, (MR 2 + IRAEA ML) + Qs (H-I 2 i) P40 L
YRGS B4R 4L 11. 62% , KR4 24. 72% , =5
HAE YL 26. 15% , T4 Je4H 12.58% .
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A RM;B. R4 C. T O M;D. TR L H
4 SECABAARK TN T NEDD4 3Rk /5 & H O ABE T

3 g

P P AR R AR 220 W A (] 170 o B A Bt R
Ao JLZA0 AR S0 T o sk S 38, 27 A — ZR 91 A 3 L
AN, H FZE 4 FHUH 45 ATP S PE 58 i
WO TSR EIG I A A AR U K B O C
22 B RN [ A5 A M T AR 4SS BAh,
SRS T R -1 R MR R B AN 2 21 40 2 i 3R K P
(OB S 4 -8 B =R A A0 -9 T TR (=i 4
AU AT O J L2 A P Sk S 7 Y e 5 1

AMPK SR A 9 1 OG5 40+, NEDD4 {28
AT RR Ak 22 22/ 95 2 BR R L (M2 2R 7 4, 7 e
WA AMPK (& PE 2 S et QR AT ES
#| ,NEDD4 25 [ &35 F 2@ T O WA m, 5
PSR LR RIS 0o L AH B, S5 2 B St 0o 8L O LA
Zith NEDD4 7 [ R IB R (K 2) o ik — B 5k
NEDD4 3K BEAE Lo LIS fife A o7 2 R P i P
FATEE Y sSiRNA & HOe2 L0 LA M T NEDD4 ik
FEHEATER AR, T A ARSI 40 M 0 T 45 R s
5 AR EE , BRSO WLAR B A T B 5] S S i 5 {H
TPt NEDD4 235 Ji5 , ik 40T 35000 L2 i 353 47 L f31) i
ik (&l 4) ,Western blot £l 45 5 WK, ffi %5 NEDD4 3
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IRAKERIREAG, p-AMPK 7K 23558 , {H AMPK 3%k
AETEH B A L (B 3) X BB NEDD4 X AMPK i 14
IR 5 AT BE S B R Ak AR PR 1 Bk, FRATIAH
NEDD4 335 FAIK AT 34 500 UL AR 1 ik 280 52, LT fig
HLE NEDD4 3Rk F 3458 T AMPK {5 4L /K.

REAET 5T O 2R 0E 52, 18 1k Bl A 2 T BV LR = B R
TR CATP) 43 JRI 20, 52 i) o fry A g o A0
ALy AMPK AT o8 98 358528 R 0T L 2 i AE R 45
T 1 A 3 R T s UL i R R ) A R
AMPK JRAE# i fE i PGCla B 2 Ak i 42 15 T4 1k dike
E= i Y 1K ] 62 2 A NG B /R BT R X5 €53 TR X p o
BB, B A BRAE R A AR, S O WL AH A
IER DI REIR L RE & . TEAR R4 2 AMPK 52 3|
Cidea /131932 ZALME AR, Al-Hakim 25" % 3
£ HEK-293 4 fifi b AMPK 7% [ # B NUAKIL #i
MARK4 7 3| £z R AL USPOX B 7 iz RIL RS
£ AMPK 1) 3 M98 5 T VR T G g A8 2 b
Mo AWFFEUESE T NEDD4 X} AMPK i 4 (%) I 4 1
F o ABAEAS YRG0 LAN M, NEDD4 28 [ A< 5 37 5]
W PR 22 (g 95 LA K NEDD4 8% AMPK 3% H: (i 1)
SRl T, R e B AL R
o NEDDA4 X 201 it A 385 9 5 i EARBL L, ] Sk i35 12
PEB PRGNS 11 R YA T SR L8 1 SRm
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