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[ ABSTRACT] Aim  To explore the effects of pyruvate dehydrogenase kinase isoenzyme 1 (PDKI) on endothelial
cell injury and dysfunction. Methods siRNA-PDKI1 was used to knock down PDK1 expression, and human umbilical
vein endothelial cells (HUVEC) were treated with phosphate-buffered saline (PBS) or oxidized low density lipoprotein
(ox-LDL) to investigate the role of PDKI in ox-LDL-induced vascular endothelial cell injury and its biological dysfunction.
Reactive oxygen species (ROS) production and mitochondrial damage in HUVEC were detected using ROS and mitochon-
drial activity staining kits.  The apoptosis levels of HUVEC were detected via flow cytometry apoptosis assay kit, and the
damage of HUVEC and its changes in recruitment and adhesion ability to THP-1 cells were detected through crystal violet
staining and Dil staining. The mRNA and protein expression of CD86, CD206, NOD-like receptor protein 3 ( NLRP3) ,
interleukin-18 (IL-1B) and monocyte chemoattractant protein-1 (MCP-1) were detected by Western blot and RT-qPCR.
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The expression levels of CD86 and CD206 were evaluated by immunofluorescence staining.  Superoxide dismutase (SOD)
and malondialdehyde (MDA) concentrations were measured with corresponding kits, while the secretions of cytokines in-
cluding MCP-1, intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 ( VCAM-1) were de-
tected with ELISA kits. Results

sulted in reduced ROS production, reduced mitochondrial damage, restored SOD activity, decreased MDA concentrations,

Compared with HUVEC treated with ox-LDL, knocking down PDK1 expression re-

decreased apoptosis levels, inhibited activation of nuclear factor-kB (NF-kB) and NLRP3 inflammasomes, decreased re-
lease of inflammatory factors (IL-1B and I1.-18) and chemokines (MCP-1, ICAM-1 and VCAM-1) , decreased number of
THP-1 cells, increased expression of CD206 and arginine-1 ( Arg-1) in THP-1 cells, and inhibited expression of CD86 and
inducible nitric oxide synthase (iNOS) in THP-1 cells (all P<0.05).

PDKI1 in endothelial cells can reduce oxidative stress and inflammatory response caused by ox-LDL, thereby improving the

Conclusion Knocking down the expression of

biological function of endothelial cells.
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1.1

thelial cell, HUVEC ) #n THP-1 41 1 Wy & % 3% 5% 4 #r
Bt 5 H AR A R F ;¥ B ( phorbol myristate ace-
tate, PMA ) ¥ B MedChemExpress; DCA 4 B Sigma-
Aldrich ; Lipofectamine 3000 1 @ ThermoFisher; — &
7. 4% ( dihydroethidium,, DHE ) e R el e YL
£ 47 mitoSOX™ % 83X 7| & W B Invitrogen; JC-1 4
e e Dl LERANaWEEZT R ERHEE
& 7 RIPA ZLAEZ o A0 4 DAPL 3 i #1183
F; B =ikl & 1 B BD Biosciences; SYBR
Green i B ] ¥ 3 Ft 3 £ 4 TA A R 2 5 ;ECL K
HAb =% & KK F & W B Tanon; % E F «B ( nuclear
factor-k B, NF-kB) p65 F1 & %0 f, /- % 1B (interleukin-
18,IL-1B) #L A B Cell Signaling Technology ; PDK2
A1 PDK4 47 7K W B 1 9T & 4 ; CD86 , CD206 . PDKI |
p-NF-kB p65 NOD # % & % & 3 (NOD like receptor
protein 3, NLRP3) . & %1 ff /> % 18 (interleukin-18,
IL-18) | 4% 28 i #4 1.2 & 1 (monocyte chemoattractant
protein-1,MCP-1) .GAPDH , 1} ¥ 47 % 1gG K 1l ¥ 4/
R IgG B FLIAE Y B Proteintech ; 28 7, [8] £ Fit 2~ F 1 (in-
tercellular adhesion molecule-1,ICAM-1) i %& 48 g, %% ff
/F 1 (vascular cell adhesion molecule-1, VCAM-1) |
IL-1B #7 IL-18 & ELISA X7 &1 B & 4% 5k 52 0 it
1A IR B A 05 A2 4 B BOR IR A 8] 5 7 — BE (malon-
dialdehyde , MDA ) && 70 #8 & {1k 4 5 14 B ( superoxide
dismutase , SOD) 7& P 4 M K 7| & 1 B B 7 2 R 4 4
TAEHF P BCA & Al 27| & W B Coolaber,
1.2 ZiREEE5FF5S siRNA 432

HUVEC = THP-1 % fi 4+ 7l 3 7 72 4 10% fie F
i F 1% F B K-# % & 47 DMEM = RPMI 1640
B Aw, F PMA JE & THP-1 20/ 24 h, % 5 2
MM Em A ERA AT ER, TAAKAE
37 °C.5% CO,.95% % & W9 5 = 48 o 3% K, ¥
HUVEC 27 3 5 T R 2% F A4 A 1 mmol/L
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DCA #5223 7= 3 o L4 % DCA *f PDK F ik %
", % HUVEC i 80% iL 4 & i, #£ OptiMEM # f#
Al Lipofectamine 3000 #% % 50 nmol/L siRNA-NC 2
50 nmol/L siRNA-PDK1,# 42 12 h, 4 # PDKI1 £ [
BORAE AL B JE K4 4 F [ siRNA 89 HUVEC £ %
F PBS 5 100 g/L ox-LDL ¥ ,24 h & # 4T £ %, DL
£ % PDK1 7 ox-LDL ¥ % 4§ HUVEC #i15 % 3 &
M AR

1.3 DHE #1 mitoSOX™ $#f&

¥4 % 1B siRNA B HUVEC $## T 12 FLHR,
M PBS # ox-LDL ¥, % 24 h, A E T 37 CT §
DHE #, mitoSOX™ % & 30 min, £ i 7 ¢ B #45 4
B E %, E A Image ] R AFHAT O,
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M, A PBS vk, F EWER, K4S 500 pL JC-1
T37 CH5%CO, 44 TIiFH 15 min, #HKtE
WA B, H1E ] Tmage J 344 34T 947
1.5 Transwell SEI&
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NE W EE N PBS 2 ox-LDL 3 3k 24 h, £ & /)
FHAEFERTHA4% % K FEEE 20 min, M5 7%
FERTALGELE 15 min; AREBRZEREE
# #) HUVEC, M 3 AR 2 8 X 38 A B s 3
B E B, 6 F Image J HAFIAT T,

1.6 FwRAAREARE

¥ 4 4 1 siRNA B9 HUVEC £/ T 12 7L,
A\ PBS 2 ox-LDL ¥ 3 24 h, $k J& # | &4 EDTA
Folp 41 By R & A B K HUVEC, F 5 A0k 7l &
B, A0 HY 20 i 3 S B AT AT

1.7 BB SEI8

F 4 %0 1[5 siRNA t HUVEC £ # T 12 JLIR,
A\ PBS X ox-LDL ¥ % 24 h; THP-1 4042 37 C T
J Dil %48 10 min; ¥ PBS ¥4 J& th THP-1 48 o B 7
5| HUVEC %, F 37 °C 5% CO, A &34 b £ %
4 h,PBS Wik 3 K, £l AR 8 THP-1 40 /8, 48 )5
M3 AL B B X R KOE B R E R, I
{# Jf Tmage J B AFSEAT T, T3k B M 89 THP-1 288,
1.8 BiZMIBETE

¥4 Y 5] siRNA 89 HUVEC $:##T Transwell J&
IR E AN PBS 3 ox-LDL ¥ % 24 h; Z 3145 S 4010
ty THP-1 28 (B v 20 f ) U 4 Am 2 T3 JR % 5 3 o
24h g , Bl IEE 78 % R T H 4% PFA B % 20 min, 4
FHEZERTHE&HELE 15 mn AHERZER
i E By THP-1 28, M 3 AN FEHLE 22 8 R34 F 2
WEAE B, 3FE R Image J BT 047 3112
1.9 REXEEEIE

X Jil 47 CD86 #1147, CD206 * 5 HUVEC 33 %
9 THP-1 40 o #£ 4T # kKoL 425k B, A PBS ik
Hla, G EN I E & 5, Fl 4 DAPL i K
NMEHKF, FRAXEEMEREER, FFEA
Image J #F3EAT 247
1.10 RT-qPCR #&:ill

it & RNA # Bk | & A HUVEC #2 THP-1
20 F AR LR RNA, I B3 3K 15 cDNA (R BLR &
20 L, KM 4% .37 °C 15 min,85 °C 5 s), R
1% 4 cDNA 5 SYBR Green &3 34 fr & th 3] 4 38,
A (AR % 20 pl, KR4 Stepl % #.95 °C
30 s;Step2 & P95 C 5 ;3R k/ZEMH .60 C 30 ),
40 MEF, HA 2N A RUTEELEWERE
mRNA # 3 &£ AKF, Fl4FF L& 1,

= 1. 5|¥F5

Table 1. Primer sequences
AR EmGIY(5-3") RIa51%(5'-3")
PDK1 AATCACCAGGACAGCCAATACA CCAGCGTGACATGAACTTGAA
NLRP3 TGGGTTTACTGGAGTACCTTTCG GTAGCGTTTGTTGAGGCTCACA
IL-18 CACCCCGGACCATATTTATTATAAGT TGTTATCAGGAGGATTCATTTCCTT
IL-1B CTGAGCACCTTCTTTCCCTTCA TGGACCAGACATCACCAAGCT
ICAM-1 CACAGTCACCTATGGCAACGA GGAAAGCTGTAGATGGTCACTGTCT
VCAM-1 TTTGACAGGCTGGAGATAGACT TCAATGTGTAATTTAGCTCGGCA
MCP-1 TCGCTCAGCCAGATGCAAT TGGCCACAATGGTCTTGAAG
iNOS TTTGATGTCCGAGGCAAACA GAACACGTTCTTGGCATGCA
Arg-1 CAGTCGTGGGAGGTCTGACATAC CTGCTGTGTTCACTGTTCGAGTT
CD86 TCTATACACGGTTACCCAGAACCTAA AGGGAATGAAACAGACAAGCTGAT
CD206 GGGTTGCTATCACTCTCTATGC TTTCTTGTCTGTTGCCGTAGTT
GAPDH CATGTTCGTCATGGGTGTGAA GGCATGGACTGTGGTCATGAG

H :iINOS . i 3 #l—F {1k 2 A (inducible nitric oxide synthase) ; Arg-1: 45 %2 1 (arginine-1) .
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1.11 Western blot #& il
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% siRNA 5 PBS # ox-LDL 4 # 5 , # | BCA &
B E XA &N E HUVEC Wi & A48, % F 4%
WA E UL, I E 4o g 3 gk 3 Fr HUVEC # By

PBS ox-LDL
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2.1 ox-LDL #&m HUVEC & PDKI B93R%E
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PBS 4 #H I, PDK1 AR IETCH 284k (P>0.05) ;
28 ox-LDL 4R J5 , PDK1 Ay 3k T (P <0.01)
i3 Western blot F1 RT-qPCR % siRNA KT 2R %%
RIFTIEAS , 5 NC+PBS 414 kb, siRNA-PDK1 %% 4t
J& HUVEC "% PDK1 mRNA #14& R (1 P<
0.05;&1),

P<0.05 P<0.05 P<0.05
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1. ox-LDL 41 HUVEC /5 PDK1 HRIETT/K

A:DCA 43 HUVEC Jii , Western blot #31ll PDK1 ,PDK2 . PDK4 ik & &
:siRNA-PDK1 il ox-LDL 43 HUVEC Ji7 , Western blot ¥:il] PDK1 2635 &

Western blot #:lll PDK1 ik K e S 43#1 B (n=3) ;C

HHTE (n=3) ; B:siRNA-NC i ox-LDL 43 HUVEC J& ,

ERHE (n=3) ;D;siRNA-PDKI 1 ox-LDL A4t3 HUVEC J& ,RT-qPCR %l PDK1 mRNA ik (n=3),
Figure 1. Expression changes of PDK1 after ox-LDL treatment of HUVEC
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2.2 Bi{K PDKI P&{K HUVEC E&EFFM THP-1  0.05), Western blot /%% 5 /R, 5 NC+ox-LDL
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/NEW) T % THP-1 40 ik &0 2> (P<0.05), Dil  J5,MCP-1 .ICAM-1 Fl VCAM-1 mRNA 223K [4%, 20
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) PDKL &, FiBh ey THP-1 4 f s i > (P< 3l (3% P<0.05;812)
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NC SIRNA-PDK1 NC SIRNA-PDK1 _ 25 P08
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£
0
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o
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c i ot 2 P<0.01 D < P<0.01 ES
SiRNA- SiRNA- ] [ — 3 1 2 P<0.01
NC PDK1 NC PDK1 S 2.0 P<0.05 ‘c':.A 25 P<0.01 P<0.01 5 2.0
wﬁg [ sg [ [ 3%
B0 25
§O o 1.5 t
az ezl £Q
MCP-1 17kpa 5 1.0 -5 210
0o o510 =5
Se0s Se g20s
s ~0.5 [SEAS
Gapor| W W - o700 S -
© [} =
° 0 NC siRNA- NC siRNA- K] 0 NC siRNA- NC siRNA- & 0 NC siRNA- NC siRNA-
o« PDK1 PDK1 = PDK1 PDK1 & PDK1 PDK1
PBS ox-LDL PBS ox-LDL PBS ox-LDL
s P<0.01 P<0.01 P<0.01 P<0.01
Fa | — - G | — H | — | | —
] <0. P<0.01 P<0.01 P<0.05
s 2.0 — 150 aittd 300 — 300 ulton?
Dy —_ —
<3 15 3 3 g
Zo 2 100 2200 2 200
£Q = = =
-2 1.0 - D 0
25 3 50 2 100 2 100
33 05 = Q g
2=
(3
2 0 - ; 0 " " 0 " ; 0 - "
K NC siRNA- NC siRNA- NC siBRNA- NC siRNA- NC siRNA- NC siRNA- NC siBRNA- NC siRNA-
g PDK1 PDK1 PDK1 PDK1 PDK1 PDK1 PDK1 PDK1
PBS ox-LDL PBS ox-LDL PBS ox-LDL PBS ox-LDL

B 2. K PDK1 %t HUVEC SE&EFFiHf THP-1 48 115
A.f£ HUVEC &5 THP-1 4 3E85 370K R i THP-1 4IRS BE F1 R0 B 58 REAXHT I (n=3) ;B £ HUVEC 5 THP-1 43Rk R
THP-1 4l 3 B9 b B BE 100 B 8 B3 8l (n=3) 5 C; ox-LDL 43 HUVEC Ji , Western blot #:illl MCP-1 23k ME K (n=3) ;
D-F:ox-LDL 4b# HUVEC J& , RT-qPCR #:] MCP-1 . ICAM-1 Fl VCAM-1 mRNA %3k (n=3) ;G-I ELISA Kl HUVEC 15 3# 3 |
WP MCP-1.ICAM-1 FIl VCAM-1 B9 & (n=10) , HBIR K200 pm,
Figure 2. Effects of knocking down PDKI1 on the recruitment and adhesion ability of HUVEC to THP-1 cells

2.3 BY{K PDKI1 Xt E2FRE R AR THP-1 WKL I, @ {% HUVEC T A9 PDKI1 J5, THP-1 40 ffd v iy
SEA CD86 T IEHRBEH 5 (P<0.01) , CD206 % Gk JE 4
GIED Y A R R, 5 NC+ox-LDL 414 J(P<0.05), RT-qPCR %53 87w, 5 NC+ox-LDL
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YIAHEE, I HUVEC % PDK1 J&, THP-1 4H i
i) CD86 ,iNOS mRNA ik /b, 1fii CD206 F1 Arg-1

mRNA E£IAH (1 P<0.05; K 3) .,
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FE B R R 200 pum
Figure 3. Effects of knocking down PDK1 on polarization of THP-1 cells in co-culture system

2.4 E{E PDKI B# ox-LDL 4bIE 3| # A HUVEC
TR I KA T
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Figure 5. Effects of knocking down PDK1 on oxidative stress response of HUVEC induced by ox-LDL treatment
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