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[ER] kB AmIL, ANEmie, MAP4K4, HAbmd;, AT
(5 E] BA HKIT22RENEGHH(MAPAKS) £ AR K B IE & @ (ox-LDL) # 569 o & W & 49 LA
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TN E WL, BT As RAEIL BRI
[FESHZES] R541 [ XHk#RIZED] A

Silencing of MAP4K4 alleviated ox-LDL-induced vascular endothelial cell injury via

regulating PPARy/ABCAI signaling
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[ ABSTRACT] Aim The purpose of the present study was to investigate the potential role and mechanism of mitogen
activated protein kinase kinase kinase kinase 4 (MAP4K4) in human umbilical vein endothelial cell (HUVEC) injury in-
duced by oxidized low density lipoprotein (ox-LDL). Methods The cell injury model was induced by ox-LDL (100
mg/L). The mRNA expression of MAP4K4 was detected using RT-PCR assay. ~Western blot analysis was conducted to
estimate the protein levels of MAP4K4 , Bax, Bcl-2, C-Caspase-3, peroxisome proliferators-activated receptory ( PPARy)
and ATP binding cassette transporter Al (ABCA1). CCK8 assay was performed to measure cell viability. ~ELISA assay
was applied to analyse cell apoptosis.  The reactive oxygen species (ROS) production was measured by DCFH-DA assay.
The content of malondialdehyde( MDA) and the activity of superoxide dismutase (SOD) and catalase ( CAT) were detected
by commercially available assay kits. Results The expression of MAP4K4 was elevated in ox-LDL-stimulated HU-
VEC. In addition, silencing of MAP4K4 apparently enhanced cell viability and attenuated HUVEC apoptosis induced by
ox-LDL accompanied by a decrease in the expression of Bax and C-Caspase-3 and an increase in the expression of Bel-2.
Moreover, MAP4K4 knockdown remarkably alleviated the generation of ROS and the content of MDA accompanied with the
enhanced activity of anti-oxidative enzyme system SOD and CAT triggerd by ox-LDL.  Mechanically, ablation of MAP4K4
obviously activated PPARy/ABCA1 signaling pathway. Conclusion Depletion of MAP4K4 relieves ox-LDL-induced
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vascular endothelial injury by reducing apoptosis and mitigating oxidative damage via PPARy/ABCALI activation, thus pro-
viding the basis for the therapeutic effect of MAP4K4 on the As.
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AT B, B ox-LDL A 5 0 P R #1453
A B B S ZE A As R AT SR
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A # ik ot % P9 % 48 i HUVEC (ATCC, %
E) ; DMEM %% 7% 2 UL B 6 4 1 7 ( Gibeo 2 8], %
&) ; TRIzol X #| ( Invitrogen /2 &, % & ); SYBR
Green Master 7% 3t & & PCR 3 7 K 28 A, 8 1= A ] 3%
7| £ (Cell Death Detection ELISA Kit) ( Roche /2] ,
% ) ; Prime Secript & % ik 7| ( TaKaRa 2 7], H
&) ;PVDF & fr ECL & 7 ( Millipore /A 7] , £ H ) ;
BCA & & % & R #l & (Thermo /A 7, % [ ) ; anti-
MAP4K4 #i 1K _ anti-Bel-2 40 14& | anti-Bax #i f& . anti-

ABCAI #0 K #1 anti-GAPDH 470 /& ( Abcam /A 7 , %
E ) & anti-C-Caspase-3 1 fK 1 anti-PPARy # &
(Santa Cruz /A & , % [E ) ; MTT & 7| £ ( Sigma 2 7 ,
FE);ROSIKA G (LBEZZRAE); A B
(MDA) Ml K & | #8 & b 47 B L B (SOD) I & 3K 7 &
g E M EABH(CAT) ME XA &(FAEREN T
BRI,
1.2 #HpaLESR

# HUVEC ¥ 5= £ 44 10% s 4 iy B DMEM
BhRER BT 37 C.5%C0, hiExfd, 2-~3
AR —K, L@ S EE 80% &2 f B H
R,
1.3 YHRaFEFnabiE

# B Lipofectamine 2000 %% %21 7| 3% ¥ 45 , 2 7
¥ MAP4K4 siRNA F2 [F 4 #f # ( negative control,
NC) # % 3| HUVEC, MAP4K4 siRNA J¥ %] % 5'-
CAG UCG CGU UUG CGA CUG G-3',siRNA A 14 %f
B 77 ¥ 5'-GAC CAA CUC UGG CUU GUU A-3',
B4 024 h 5, B A 100 mg/L ox-LDL 4 # 24 h, 4
5| | RT-PCR #1 Western blot I 5 48 fiz, & MAP4K4
AT DA B e
1.4 RT-PCR #&il| B mRNA RiZE

J| TRIzol X A #& B 48 i85 RNA, & B0 A 45 3
THAE, RN K E, ¥ RNA R F 4 K cDNA,
BAE P B 5 B Prime-Script % F R Al &L W
% F SYBR Green Master % . & & PCR & 7| &
7900HT 7% # % & PCR L L 34T K 5, LA M B 8
FEH B A At &Kk AP, MAP4K4 W98 4 F 5 4 F.
5'-GGG GAA CGC TTC AGA GTG AG-3';R:5'-GTG
CGG TCA GAT CAG CAG G-3', GAPDH & 4 )7
7 # F.5'-ATG TTC GTC ATG GGT GTG AA-3';R.
5'-GGT GCT AAG CAG TTG GTG GT-3', PCR 3|47
Wb A TR R A E AR
1.5 Western blot #&ill&E A FKIEKFE

W& A, % B A &3 H P REBRA
Aump L EE,EHBCA 7 Mg EaRE, &
SDS-PAGE # ik , ¢k & # % %| PVDF f& |, &3t 5%
B RE A E iR H F 2 h, i A MAP4K4 Bax Bcl-2 .C-
Caspase-3 . PPARy . ABCA1 1 GAPDH #ifk 4°CH &
T, TBST ¥EfE , in N HRP #RiC ) — 4 £ BHEHE 2 h,
TBST #t &, ECL X KRB X B, 4 B, A Image
J AT B &4 K EE., UL GAPDH B h R 5,
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1.6 MTT %4 paFiE =

46 F 340 K 1B HUVEC(5%10°4/mL) #
AEME IR T, KETHARERFFEE, &
F.Am 5 o/L MTT 7 20 pL, & F 37 °C 5% CO, ¥
FEFHE 4 h, HO B EFER, 30N 150
pL DMSO,37 C 3 7% 46 # % & 30 min, & % #5F %
ARG A, R B AT R T & FLAE 490 nm &L H R
HEA,
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Wit & A HAT A E 5, A ELISA 4 MK 7] & 4 7
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ROS APz A E AL KA &, BESHRS
B A &L AT, o DCFH-DA F % i % 3 %
RABEZ 10 pmol/L, W EA 4 400, K 5 F I v
)\ Fi % J& th DCFH-DA # ¢ 9% % 30 min, PBS ¥ 7% 3
K, B L4 e W ROS & &,

1.9 #HEAIELR MDA SOD F0 CAT B4
W B & g b R, TR AR RN & UL B

MAP4K4 mRNAE &

A 40 f ) MDA 4 & & SOD 1 CAT &y 7& 1
1.10 Sit=EaH

& JF| SPSS 21.0 bL % GraphPad Prism 7 # 44 7
BB BEHATHRIT 2, T EHEU xes XF, B
AE KA ¢ ¥, %4 & KA One-way
ANOVA, P<0.05 ¥ ZRH G ITFENL,

2 & R

2.1 Ox-LDL ki ANBFE%Rk M B 4 i MAP4K4 Y
Rix

K H 100 mg/L ox-LDL 4b# HUVEC 24 h J5 ,i&8
H RT-PCR Fl Western blot £l HUVEC H' MAP4K4
mRNA FIE AR EKF, iR BN, ox-LDL B 7.
% |-/ HUVEC " MAP4K4 mRNA 1% & (K
1A) ., Western blot 45 Rt i 75 40 il MAP4K4 &
F & E R mRNA 2816 —2 (B 1B) . it —
SR MAP4KA X} ox-LDL 5 S 1Y P K2 351 43 14 5%
i) , 8 3 5 4 shMAP4K4 Ji5 20l Ff MAP4K4 133k
BEBRIK(E ),

| apa [

R TE——

g
)

MAP4KZE BE31 &

& 1. Ox-LDL 3t A\fFEsik M & 4 b MAP4K4 RiIZEFEME(n=3)
A 7 RT-PCR #;il] MAPAK4mRNA Kik/KF, B4 Western blot #6:il] MAPAK4 2 [ # ik,
a N P<0.05, 5 ATEXT ML LA b o P<0. 05,5 ox-LDL 4 UL,
Figure 1. Effects of ox-LDL on MAP4K4 expression in human umbilical vein endothelial cell(n=3)

2.2 MAP4K4 B & ox-LDL i S # HUVEC
BT

Ox-LDL 1755 9 S8 A0 N 550 o P B 2 Al i 7
R R T MAP4K4 %t ox-LDL %S5 #9 HUVEC 1=
FIRZ M, MTT 4558 8o, 5 PP B2 L 42, ox-
LDL ZH 2 ffL A7 1% 3 2 BRI 35, MAP4K4 TTER I i
HaHNANMIAE TS % (8l 2A, P<0.05) . ELISA Z5 5
7, 5 M R ZH %8 ox-LDL ZH 20 i P8 TR B

B, T MAPAK4 JUERJE 40 M UH T A (18 2B, P
<0.05), Western blot £l & B, 5 BH X} MR 41 b
5, ox-LDL 2H Bel-2/Bax HH i FAK, H. C-Caspase-3 3
S EE(P<0.05) ;5 ox-LDL 41 tb %, MAP4K4
DUBRJE Bel-2/Bax F+5, 1M C-Caspase-3 # ik & T [%
(E2C ~E;P<0.05), kg 4R/RUTER MAP4K4
X} ox-LDL i 5 1 HUVEC 8 T B A B 5 /% 40 )
1EH .
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2. MAP4K4 3} ox-LDL 5/ HUVEC ATHIFN (n=3)

A g MTT Kol 40 A7 % 5 B 2 ELISA W& AAEIH T3 C ~ F 2y Western blot Kz JH T=AHIEHE 1 Bel-2 Bax 1
C-Caspase-3 B FIK T, a A P<0.05, SEAMEX A HLE ;b 9 P<0. 05,5 ox-LDL 41 b4z,
Figure 2. Effects of MAP4K4 on ox-LDL-induced apoptosis in HUVEC (n=3)

2.3  MAP4K4 i BkHIH] ox-LDL S A HUVEC &
AV et

Ox-LDL figf i 175 5 48 Ak 7 380 1 DA T -5 2
VAR A B A 43, BRL ot i — 2B 3R MAP4K4 X ox-
LDL 3 HUVEC &AL R K- s, 5 BT
WEZH L4, ox-LDL 40 ROS S 14 hn, i MAP4K4 i

BRATHPH] ox-LDL 55 A9 ROS /K (3 P<0.05)

& 3. MAP4K4 %1 ox-LDL % S8 HUVEC &1 5 ph 2

2.4 MAP4K4 LBk RE
1B

#i& PPARy/ABCAl 5

HEMTRTT MAPAKA X N B 20 it 04k 1 30 Rn 1

SODEM/(U/mg)
N
o

SR IR ZH %L, ox-LDL ZH 20 i MDA 7K - B &
34, T SOD A1 CAT /KF- W] 8 T (3 P<0.05),
5 ox-LDL 4 [t %, MAP4K4 YTERJG MDA /K F-H &
TR, SOD F1 CAT 7K-F-B A4 b (1) P<0.05) , Fik
2E BPLR MAP4K4 A8 2% ox-LDL X I8 N J2 40 i
AL (E13) .

o O
o

D
[«]

N
(=]

SR (n=3)
A 2R DCFH-DA A5l ROS (198 fi 5 3 &4 I MDA &8 (B) & SOD(C) Fil CAT(D) i,
a N P<0. 05, 5T R g ;b S P<0. 05,5 ox-LDL 41 Hu#%
Figure 3. Effects of MAP4K4 on ox-LDL-induced oxidative stress in HUVEC(n=3)

TSNS, W H Western blot 77354 PPARYy
1 ABCA1 FEHMRIZE, 4558 B R MAP4K4 UL
#RJ5 , PPARy fil ABCA1 M8 A& T, 3R
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Bk MAP4K4 BERSELTE ox-LDL Ab3HAY HUVEC PPARy/
ABCAL 15538 #% (18l 4) , % W] MALATI 3 i 4 4%

PPAR~y/ABCAL 3 i WA T 98715 P B 200 e ] 7 1 4801k
A3

E 4. MAP4K4 3 PPARY/ABCA1 {5 S @ BEI M (n=3)
Western blot i PPARy Fil ABCA1 HYZE (%A H, a i P<0.05, SBAMEX IELL HA ;b o4 P<0. 05,45 ox-LDL 41 H4%,
Figure 4. Effects of MAP4K4 on PPARY/ABCALl signaling(n=3)

3 9% i

As TERNEEFEIY A9k Th A B 2 0 2R 3
Hh 551 2 Jok 58 R A Ak 55 R A B8 1Y) & A R L i
BN AR TE As 1Y & E K R rh ot 31 B S
VERITY P S 20 b T 1 4 A BRORZS T, 400 M 34
BRI T 2 R OF g, DT A5 14 & 4 OE )
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Bz AR, 45 40 A AR S R T R SR I AT I
N, TSR 17 i 78 4 2, e 26 5 350 A DB 2K
AWFFTUESE , PN R A0 A0 2o B 08 102 PN B D) e B A
HIEAEN A HLEN  7E As %A % 8 v J A
FH 10 P R 200 6 3 T R P R 0 e A 2R
BRI AT As B ZEG . AFRERER,
ox-LDL I3 = 20 3% 7 B 5 FEAIC, 177 #c 8l MAP4K4
JE AR IS A T BN, 8 8 DTER MAPAK4 1 2% ff
ox-LDL IS B0W 4t . 5358, ox-LDL 345
SR T, 5 IEIE BT Bax Fll C-Caspase-3 [ 154
T, Bel-2 () #38F F; T UT B MAP4K4 AT ox-
LDL #5581, H I Bax 1 Caspase-3 B3 ik, I
{23 Bel-2 23k, H ML 3R B @ik MAP4K4 X} ox-LDL
o RS 1 4 B3 O B A R AP VR T R S ZE LR

AAL R BB & As N B 40 I 15455 1) O B L
il ox-LDL il 0 75 1M 4 9 Rz 41 M P b AR fk
fiti SOD 1 MEREAL, F 34N N ROS ASRE WS J2 i) B
TEEE M H. ROS REME IS4 e Caspase I8 TN,
WIS &AM T AHFSE & 3 ox-LDL H3#4
HUVEC J& ,ROS 7KF & MDA &+ J+7% , H SOD Hil
CAT TG MEA FFF#AR , 15690 ox-LDL 3 Ji I 45 P4 B2 20 i

WIfei 3, i MAP4K4 JLER 5 40 ROS f A4 AL &
MDA %+, H SOD Hl CAT 3% ¥E 7, 36 01 F 4
MAP4K4 fEG8 44" HUVEC #%HT ox-LDL % T &
AR AR

AWFFERM 7E As AT =R 4 & &
iz /& Al ( ATP bindingcassette transporter Al
ABCA1) FRIBFEAIL, 3 T B A 55 98 E S5 107 3 i 71 5
ko RERE L A S S ARG ARE ABCAL 8
b A A L [ A HE R0 1] A8 E S0 S ook R A Ak
KA1 ABCAL 7 ¥ 15 JH [ B AN PR B N
A R HEREREEMN . AT LB E A AT
PURE SA ALK ABCAT 45 A% A [ B 1 HE 25 B 4
SR T HE 5 ABCAT AH AR AR PN B2 20 i 4
Z AVE RIE B IR T BeA, ERIRE A
AT #Lik D-4F i i3 PI3K/Akt/ AMPK/eNOS/HO-1 15
530 B ox-LDL 1755 1% PN B2 40 it S AR K L SE
N JHT TR 3E P K AE & T ABCAL 7E G 7
R R AR K ABCA1 AR HiAlk
N BT T AE . 235 UESE, PPARy 2 i
ABCAL ik, I 76 I8 [ B S0 HE 5 10 A 45 1 8 22 4R
0T CUMS fiEHE As 19 % A T B & 1 i HMGBI
S 1) PPARy/LXRa-ABCA1 {5 538 &, 4,
MAPAK4 G PPARy HYFi5 A58 & 3T
MAP4K4 fE % T} = ox-LDL Ab 3 1) HUVEC
PPARy #l ABCA1 #E 11 3R 3k K ¥, & B G 0% 3005
PPARYy/ABCAL {5 53l #, HUCHED, MAP4K4 i
i EH T PPARy/ABCA1 i f% 445 ox-LDL 4
HUVEC T # R A i i

MZ  MAPAK4 JUER AT A ox-LDL 755 1Y 1M &
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