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ABSTRACT Objective: To study the expression and significance of DNA damage-induced apoptosis inhibitor (DDIAS) in the blood

of children with Kawasaki disease (KD). Methods: The coronary artery injury (CAL) of 96 children with KD was examined by color
Doppler echocardiography, and the children were divided into CAL group and non-CAL group according to the presence of CAL. 30
healthy children who received physical examination in our hospital during the same period were selected as the control group. The level
of DDIAS in the peripheral blood of subjects was detected by an ELISA kit. Small interfering RNA (siRNA) targeting DDIAS
(DDIAS-siRNA) and negative control siRNA (NC-siRNA) were transfected into human coronary artery endothelial cells (HCAEC), and
the cells were treated with 10 ng/mL TNF-«. The levels of TNF-a, IL-6 and HO-1 mRNA in the cells were analyzed by RT-PCR, and the
protein levels of DDIAS, NF-«kB p65 and I-kBa were analyzed by Western blot. In addition, the superoxide and glutathione (GSH) con-
tent in HCAEC cells of each group and their adhesion to monocytes were evaluated. Results: Compared with the control group, the level
of DDIAS in the KD group was significantly increased (P<0.001). Compared with the non-CAL group, the level of DDIAS in the CAL
group was significantly increased(P<0.01). The AUC, sensitivity and specificity of peripheral blood DDIAS for KD diagnosis were 0.747,
65.62% and 80.65%, respectively. The AUC, sensitivity and specificity of peripheral blood DDIAS for diagnosing CAL were 0.733,
63.83% and 75.51%, respectively. Compared with the NC-siRNA+TNF-a group, the TNF-a mRNA level in the HCAEC cells of the
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DDIAS-siRNA+TNF-a group was reduced by 51.45%, the IL-6 mRNA level was reduced by 59.46%, the protein level of nuclear NF-xB
p65 was reduced by 26.40%, and the protein level of cytoplasmic I-kBa increased by 91.30% (P<0.05). Compared with the NC-siR-
NA+TNF-a group, the relative fluorescence intensity of the adhesion experiment in the DDIAS-siRNA+TNF-a group was reduced by

53.42%(P<0.05). Compared with the NC-siRNA+TNF-a group, the relative fluorescence intensity of superoxide in HCAEC cells in the
DDIAS-siRNA+TNF-a group was reduced by 35.38%, the level of HO-1 mRNA was increased by 1.35 times, and the level of GSH was
increased. 94.59% (P<0.05). Conclusion: DDIAS has high diagnostic value for KD and CAL. Down-regulation of DDIAS reduces the

damage of HCAEC cells induced by TNF-a.
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mor necrosis factor, TNF-o.) #1948 fifi / & -1 (Interleukin-1,
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1.1 #4

L1.1 #pa5iks  HCAEC 1 THP1 40 (B4 3 ) B
2£[H ATCC;# 7] DDIAS /N T4t RNA(siRNA ) (DDIAS-siR-
NA)FBAHEX IR siIRNA(NC-siRNA ) thy_E ¥ 5 3 i 24545 AR A FR
NEVA RS AR T AR TR (R B0 A BR S J A Hu
man DDIAS ELISA Kit ¥4 4 %# 41 Atlas Antibodies /3] ; Dulbecco

1Bk R Eagle 5552 55(DMEM) JIG4- 134 (FBS) % & - 555
# Iy H ¢ H GIBCO;DDIAS NF-«kB p65.I-kBa.Lamin Bl ,
B-actin —47T K BRI F ALY BEFRIC B —HTI [A 5E [ Cell Sig-
naling Technology; A 4] TNF-o 14 [ 35 [E OriGene; & [ #2H
IR G AR LS BCA B I i & A B3 <R
A RNA SR EGAH &0 [ 65T RAR s PCR sl &l B H
7 Takara;SYBR Green qPCR ix 7| & Wy [ 7% E Qiagen;
BCECF-AM 4 [4 3 [ Sigma; Dihydroethidium (DHE )i [ 2% &
Molecular Probes; DAPI i [ |4 21 7 K ; monochlorobimane i
H ¥ MedChemExpress ; Lipofectamine 2000 I3 H & [# Invitro-
gen.,

112 lGRERE 201748 AFE 20194 12 A, I&EFR
B2 H9 96 1 KD fBIL(KD 41) , au4h 54k 62 ], £k 34 i,
EREN 9N ~T 2 X 2,142 1.56 2, IAAKBIE KD
BILFFE KD 2 Wibndi ¥ @id % o 25 s .0 E
(UCG)#ar 2 (8 LR sk s Ik 351 45 (CAL) 5L, i3 CAL (9 58
JLAA CAL 41, Rl CAL LA AGE CAL 4, 754k, i%
HER G (R 04 A A 30 o fit B L ZEAE S %o BEAH, B A& B3 4 20
i), 2k 10 1], 4R 0% R 10 D ~5 2 P10k 2.25% 1.32 4,
KD LA UL SRR TORNER | IR, PR IY4EES
FE R H i Je 22 57 (1=0.313, P=0.673 Fil x*=0.044,P=0.835), 7
BFE AL A7 47 {5 (48.96% KD LK/ CAL,KD f# JLAY
CAL IR .7 $(7.29%)LCA FFH 5% .3 #(3.13%)RCA
T .8 #1(8.33% )LAD 155 .2 4] (2.08% )RAD #4 % 19
#1(19.79% ))LCA £+ & LAD 3455 Fi 8 1] (8.33% )LCA .RCA
FT M LAD #45%, 13 2 fin, CAL B JLRIEE CAL JLAYAE
i R 20 1 TE 2 R 25 S (60.374,P=0.609 Fll +°=0.687,
P=0.407), ARPREETGLHTILEER EZE R SHE, T
RS R ILA RS ANBTT A R

x1 ZRENELEH

Table 1 Baseline data of subjects

Parameter KD group Control group t/x? P
Cases 96 -
Age (years) 2.14% 1.56 2.25% 1.32 0.313 0.673
Gender (cases)
Male 62(64.58%) 20(66.67%) 0.044 0.835
Female 34(35.42%) 10(33.33%)
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Table 2 Baseline data of children with CAL and children with non-CAL

Parameter CAL group Non-CAL group t/x? P

Cases 47 - -
Age(year) 2.01+ 1.59 2.26% 1.47 0.374 0.609

Gender( cases )
Male 31 0.687 0.407
Female 14

1.2 ik

12.1 4MEImA DDIAS B9 HHESZE SN & ki 5 mL,
B PSS . 3000 r/min &0 15 min, W FJZ 0075 F53%E AR
10 .-80°C YKARARAT . 34T ELISA iR &aeril 52183 41 JE i
DDIAS 7K, #0075 1522 R S i i 5 .

122 #AakEFH 4% HCAEC Zffilin A &4 10% FBS 1%
HEE - fEEEMN DMEM i #5352 5%48 37°C (5% CO,. 15 E T
(] S5 &4 10 ng/mL TNF-o BY357H5 55 JL B e IR 1 75 4L

123 MRS HE 7 siRNA Y27, 73500 5 pl
DDIAS-siRNA NC-siRNA #1 5 pL Lipofectamine 2000 m A
200 pL JC I i DMEM JE 3 B it 7 B, =R T CE 15
min, ¥ HCAEC 4 Jifi /% Jy NC-siRNA £ .DDIAS-siRNA 4 |
NC-siRNA+TNF-a 4 I DDIAS-siRNA+TNF-o 2 , 4% %% 41

HCAEC i fh /e 6 fLAF, I DMEM B #E Dy 1% 10°
A~ /mL, BN 2 mL 4HAEER ,37°C (5% CO, SR IEF. 4l
A 60% ~T70% Rl IF, 23 53 # B (1) DDIAS-siRNA |
NC-siRNA 5 Lipofectamine 2000 JE4, ZEiRIFH 20 min, ¥
1.0 mL Y JEIME DMEM SR EE A 6 fLb SR IR &
YITHES],37°C (5% CO, 5% 24 h, T4 ly5¢ 4> DMEM Bt 5
GRBLIEFE . SRIGARYE /4, 10 ng/mL TNF-o AL 4 b,
1.2.4 RT-PCR 43#7  fifi & RNA $2 B0t 5] & 4 B4 jg s
RNA, Jf-ffi F PCR f2 %% sifl i & i 47 s % %, ffi H SYBR
Green Mix #7973 , fifi A 3¢ [F Bio-Rad T100 PCR 1Y #: 17
PCR. Real-time PCR JZ Jif #5401 : FiAE 1 : 95°C, 2 min; A5 -
95°C,15 5338 K :60°C, 10 5; FE{f1: 68°C , 10 5;40 ANEFR. 515
LR 3,

3 51F5!

Table 3 Primer sequence

Gene Primer sequence
Forward 5'-AGGTACCGAGCCATGGACAG-3'
DDIAS
Reverse 5'-AATGCTCTGGTGGGTTGGTC-3'
Forward 5'-AACCTCTCCCCTCATGTCAA-3'
TNF-a
Reverse 5'-CTGCGCAGTCCTACTGTCTC-3'
Forward 5'-GACAAAGCAGGGACAAGACT-3'
1L-6
Reverse 5-TTACCATCGGCATCAGTCCT-3'
Forward 5'-AACTAGAGATTCGGCAAGGA-3'
HO-1
Reverse 5'-CCATACAGCACCTCTCAGTACGAT-3'
Forward 5'-CTCCCTTCTTCTTCAGCCCT-3'
B-actin
Reverse 5-ACTGCGTAGGCAGTTTGCAG-3'
1.2.5 Western blot ¥ EEHFTIEKFE MHELRBSNE 5,485 10 ng/mL TNF-o JIE AT 4 h, 765 THPI 4ijfd:

PRERA S 1, (T BCA S &0l e & vk B . 7F 10%
SDS-PAGE §Ei¢ | HL Uk 3 B34 6 7% 22 5 — 9 ARl 7E
FIRT, HE& S%BARETIR AT 0.1% Tween-20 Ay Tris 2% npEhK
B, F R E 20 min, KEfE 5 —$T($T DDIAS NF-kB p65 |
I-kBa,Lamin B1 il B-actin —Hi4% 1:1000 i )4 CHl % H -
SRIE IR S B o A AR 10 1 — BT (3% 1:2000 7 ) 2 I
7 2 ho ¥ ECL WINTERE - #E47 5%, Lamin B1 il B-actin {f
RS

1.2.6 BIZMMMMMERE 2% Horigome 55 A\ J7 EEIIE B
T2 EARLRUY, s HCAEC ZHMIFzFfE 24 FLAR T % 80-90%fil

RigR 220, &4 1%FBS (1) RPMI-1640 1572 5004 .
THP1 41 ffi £ RPMI-1640 ¥ 32 3L ] 2 uM BCECF-AM F5it
20 min, 2} J5 A5 N E] HCAEC 4 (5% 10% Zif / FL ), Jhhs 57
30 min, f#i 4 1% FBS [) RPMI-1640 ¥ 33 3L3E Ve 441 3
W, LABRE ARG THPL 4, Olympus IX83 %% Wl
NRESHGFT Y THPL 4L, M 6 A~FEHLALEF R E G, IF-f
P ZEES LA 510 nm (38 & A 531 nm (14 & 564 0 2 2¢
JERBE o FE TR AR A% A0 A A R T B S 2 e ol i
(MFL)/ 4l

127 BEXWHN ¥t Dihydroethidium (DHE) I {3,
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HCAEC #fiffgrb i 484k, K HCAEC U2 7E 48 LAk
1z 80%~90%fl A, #RJ5 M 10 ng/mL TNF-o FIl 40 4 b,
PEANIEH-5 10 WM DHE S5 30 min, PRSI 3 I, a2
J AR A I A T
12.8 @A AMER(GSH)MIME  £7% Kamencic 5 A
(8 75 VA 72 AL Y GSH 5 5217, K HCAEC Al g 450 /e 24
FLAR T % 80%~90%pl 4 , 4R 5 A 10 ng/mL TNF-o JJ3% 40 Al
4 h, 4 HCAEC 4l i H PBS Rk Wik, KRG HEREHY
monochlorobimane (2 mM )7E 25T 37°CHEE 20 min, PBS
VU 3 UG, K4 1% SDS i1 5 mM Tris-HCl (pH 7.4)4k
F PR SRR o5 I 2 B A A & S R 380 nm Al
470 nm 76
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Fig.l The levels of DDIAS in peripheral blood of children with KD and
healthy children
Note: Compared with Control group, ***P<0.001.
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Fig.3 ROC curve analysis of DDIAS in the diagnosis of KD
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T 22015 AE RS A Ai R T B Bk LA b (S 50 0 o7 Bk ]
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WGt B EME Lo P<0.05,

2 BR

2.1 ZikF&FSME M+ DDIAS B7k

KD g JLAMa R JLEESME L DDIAS AY7KE4niEl 1 FiR .
L5 B4l L % KD 4d B JL Y DDIAS 7K - & 3% 7t 5 [1.93
(1.61,2.57)pg/mL vs 4.06 (2.06,5.58)pg/mL,Z=-4.125,P<0.
001], CAL & JLAIE CAL g JLAMA Ifh DDIAS (/K F-4nf 2
fik. 5k CAL 41 4, CAL 4H 4 DDIAS 7K W 3 7 [2.74
(1.77,445)pg/mL vs 5.22 (3.09,7.05)pg/mL,Z=-3.925, P<0.
001],
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Fig.2 The levels of DDIAS in peripheral blood of children with CAL and
non-CAL children
Note: Compared with Non-CAL group, **P<0.01, ***P<0.001.

I.DDIAS £ W CAL £ JLY AUC. UM b AR IR
0.733 .63.83%F1 75.51%.

DDIAS
100 |-
80
2 i
= O0F
Z [ ]
S 40f
2 i
20
0 IIIIIIIIllIIlIIlIllI

0 20 40 60 80 100
100-Specificity
& 4 DDIAS i£2#f CAL By ROC B #7
Fig.4 ROC curve analysis of DDIAS in the diagnosis of CAL



- 360 -

DREMESSH#E biomed.cnjournals.com Progress in Modern Biomedicine Vol22 NO.2 JAN.2022

2.3 TNF-a 3 HCAEC Z0A s DDIAS FRikp #20H

ZRE 5 WoR, 5X 4 A Lk, DDIAS-siRNA 4]
HCAEC 4 ifl /1 iy DDIAS mRNA F kK FE F T 76.01%
(P<0.05),DDIAS # [ 3R A K TR T 78.95%(P<0.05), &5
NC-siRNA £ #1 . ,NC-siRNA+TNF-« 41 HCAEC 41 Jiit 7 ()
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2.4 TiF DDIAS %] TNF-o %S4 HCAEC £ i1 i 8 JE F
NF-«B K&K

i WK 6 §os, 5 NCsiRNA 20 M [ ,NC-siR-
NA+TNF-a 2] HCAEC 41 fifs /' () TNF-a mRNA 3 ik 7K F Ft
BT 21145 (P<0.05),IL-6 mRNA ik /K FFHiE T 423 £
(P<0.05), 5NC-siRNA+TNF-o ZH4H 1, , DDIAS-siRNA+TNF-o
2H HCAEC 4f fifi 1 /1 TNF-o mRNA 223k K F AR T 51.45%
(P<0.05),IL-6 mRNA 3k /K AR T 59.46% (P<0.05), &5
NC-siRNA £ #f I, NC-siRNA+TNF-a 21 HCAEC 41 ffi 41 g
1% 1) NF-kB p65 & (12 ik /K FFHE T 78.13%(P<0.05), 5
NC-siRNA+TNF-a 41 4 H , DDIAS-siRNA+ TNF-o 41 HCAEC
2 B v 40 M % 9 NF-xB p65 2 [ 3k K- FEIR T 26.40%
(P<0.05), 5 NC-siRNA 2 #H L., NC-siRNA+TNF-a 4| HCAEC
YA AT T-kBo 2R I FIRIK TR T 54.02%(P<0.05),
5 NC-siRNA+TNF-a 21 # . ,DDIAS-siRNA+TNF-a #
HCAEC 411 i i 40 M i 1-xBa (92 B K- TR T 91.30%

(P<0.05),
2.5 i DDIAS #%] TNF-o % S# HCAEC 4RHf15 S % A
B

LERANE 7 R, 5 NC-siRNA 24 [, NC-siRNA+TNF-o
R R 2 56 79 AR X 2 G5 BE TR T 3.53 A% (P<0.05), 5
NC-siRNA+TNF-o ZH A [, , DDIAS-siRNA+TNF-o 4 K i 52 56
HIAHXT PO GRR B AR T 53.42%(P<0.05),
2.6 Tifl DDIAS 25 7 TNF-a i 5#) HCAEC fRHmE L
13

AR K 8 W x, 5 NC-siRNA 4] #H [t ,NC-siR-
NA+TNF-o 41 HCAEC 41 jfi rf i) o S0 Ak W A X 58 58 B T i
T 112 f% (P<0.05), 5 NC-siRNA+TNF-o #H fH It ,
DDIAS-siRNA+TNF-o £ HCAEC 41 fifd o} (4)388 S AL WA %581
SRR T 35.38%(P<0.05), 5 NC-siRNA 414 Lt ,NC-siR-
NA+TNF-a 41 HCAEC 4l il /1) HO-1 mRNA A 7K - FEAIK
T 4424% (P<0.05), 5 NC-siRNA+TNF-a #1 # H ,
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DDIAS-siRNA+TNF-a 21 HCAEC Zififg ) HO-1 mRNA ik  (P<0.05). 5 NC-siRNA+TNF-o ZH 4 1, DDIAS-siRNA+TNF-«
KFFHET 1.354% (P<0.05), 5 NC-siRNA HAH L, NC-siR-  #H HCAEC 4iffi P i) GSH /K F-FHE T 94.59%(P<0.05).,
NA+TNF-a 4] HCAEC 4 fifd 1 () GSH 7K - [k T 26.32%
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Fig.6 The effect of DDIAS on inflammatory factors and NF-kB signaling pathways in HCAEC cells induced by TNF-a
Note: (a): TNF-a mRNA expression level; (b): IL-6 mRNA expression level; (c): Relative expression of nuclear NF-kB p65 protein; (d): Relative
expression of cytoplasmic I-kBa protein; compared with NC-siRNA group, *P<0.05; compared with NC-siRNA+TNF-« group, “P<0.05.
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Fig.7 The effect of DDIAS on the adhesion of HCAEC cells and monocytes induced by TNF-a
Note: (a-d): Fluorescence images of NC-siRNA, DDIAS-siRNA, NC-siRNA+TNF-a and DDIAS-siRNA+TNF-a groups in sequence (* 200);

(e): Relative fluorescence intensity of each group of monocyte adhesion experiment; compared with NC-siRNA group, *P<0.05; compared with

NC-siRNA+TNF-a group, “P<0.05.
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Fig.8 The effect of DDIAS on the antioxidant capacity of HCAEC cells induced by TNF-«
Note: (a-d): Fluorescence images of NC-siRNA, DDIAS-siRNA, NC-siRNA+TNF-a and DDIAS-siRNA+TNF-a groups in sequence (X 200);

(e): Relative fluorescence intensity of each group of superoxide; (f): HO-1 mRNA expression level; (g): GSH level; compared with NC-siRNA group,
*P<0.05; compared with NC-siRNA+TNF-« group, “P<0.05.
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