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Bioinformatics analysis of circRNAs microarray data in plasma of newborns
with congenital heart disease’
PAN Qiuya' s ZHAO Jing'® ,CUI Yue' ,ZHANG Wenting' .YUN Qi' . ZHENG Aibin',
YAO Shenglian' \ZHANG Wei' ,\CHEN Yun*® ,GU Meng'*
1. Department of Pediatrics »Changzhou Children’s Hospital sChangzhou »J iangsu 213003 ,China ;
2. Department of Pediatrics.the Traditional Chinese Medicine Hospital
of Gaoyou »Yangzhou » Jiangsu 225699 ,China
Abstract: Objective To explore the pathogenesis of neuborns with congenital heart disease (CHD) by
high-throughput detection technology. Methods In this study, the serum of CHD newborns (n =3) was
paired with that of healthy newborns (n=3). circular RNA (circRNAs) were detected by microarray probe.
Results A total of 1 711 circRNAs were found,among which 375 were differentially expressed. 115 were up-
regulated and 260 were down-regulated in CHD group (FDR>2, P<C0. 05). By using the microRNA (miR-
NA) binding site prediction software of Arraystar company,five miRNA binding sites with high matching val-
ue for each differentially expressed circRNA were predicted. The prediction of 375 differentially expressed cir-
cRNAs combined 1 546 miRNAs. The target genes of 14 miRNAs were analyzed for signal pathways. Among
them,the pathways with the top three enriched total scores were focal adhesion,actin cytoskeleton regulation
and vascular smooth muscle contraction, which were all related to the pathology of CHD. Through hsa_circ_
091419/mir-145/mRNA network construction,the study predicted 34 CHD related target genes.including the
target gene ITGB8 of hsa-miR-145-3p. Conclusion The pathogenesis of CHD may be closely related to the up-
regulation or down-regulation of circRNA and miRNA or the co-expression of cirRNA-miRNA , which involves

the regulation of multiple pathways and cellular and molecular biological processes.

*  ERETE LI E N A R R 52 ORRH I H (ZD202031D)
EE RN B, Lo, FE RN, EENF R CHERIIGE . TIEEE R, L, 8 BT B, 2L S K 0 E R 1Y 1297
MWsE, © BEEIEH,Email 49980666@qq. com, 4 HEIBEEIEE,E-mail:932335114@qq. com,



e 2064 - M EFE5IEK 20224 8 H# 19 %% 15 3 Lab Med Clin, August 2022, Vol. 19,No. 15

Key words: circular RNA;
circRNA/miRNA/mRNA network

e Rk ES (CHD) 8 H A= B BUAE 78 19 O 1l 8
SER BT RE SR FERO A A S AR BB e P
HALZPEKRW 5 % T IILEMEERN, B4
J5 " E CHD By 5 SO A= JL P 0 55 A% 26 5 3 1 4
T2 AF T Ak 0 il B fi 25 B L8 A0 405 T 2L
KR E R I & RS %o U 2 4L
A i A RRE L 25 4 2 R G A R 1 U A, 2 — 2K
AR A LB MR, FRAR RNA (circRNAs) J2&
— PO LE I FL 3 A b & B0 R B AR g i RNA L, B
AR P L SRR S v R R S v B A IR
Bl B AR R R, 8 s oy B ok d g AT
circRNAs 7 CHD &k Jerh k5 HEAE A
A R Ch —FP BT T AE ) CHD 297 A= W s i 9 836 97
RN AR 9T i A2 cireRNA JE RS R 46 il
CHD 2B JL A 5 (A K8 A= L 2% B9 cireRNAs
FRTE AT R IB N cireRNAs, A A )15 B 24
JriE AR £ )L CHD /Y cirecRNA-miRNA-mRNA
() R4 0 4% 48 78 miRNA SRR P HLE]  3R-0508 4 L
CHD 1 n] fiE & AL O BB 87 £ L CHD % B &
Jre R AT A LR
1 BREFE
11 — %R AHESE R F B BT 58 BTt ok ik
1 CHD A LI 3¢ cireRNA S F 8088 09 4 9 45
BEEANT . 2w N T L B B AR B 2R B 2 At oE N A
BV R B A A WE SR 2020 AEAE R M T L E BR
BB A= JLRHIOIR 19 288 70 3 #1211 CHD &L &
[F) S0 4kt o A L i AR AR 25 13 491, Sy 22 BR AR WF 5T H
AR 2 T3, 13 6] CHD #72E JL¥ 2 L 24 3 N
7 A HE B 35t A% PR R . Horh 3 i) CHD 8 LARA I 3
B R A LA AR 3% 9 B A= W AR A PR 2 |
AT SR H Y cireRNA FEAT R A2 b5 48 FH T Bk s
R ESISEIE AN
L2 Jiik
1.2.1 WSH# W Arraystar circRNA J& [F 6
Jr v B AR W) TR AT BR 23 WD X 3 451 CHD 5 A L
Lo 3 4 BT A2 L AR AS H Y cireRNA FEAT A
1.2.2 circRNA B9%5E LER RIECAHHTRET
circRNA 25 FRAE L2 5 45 7 91 R AiE SR LA i e 2k
T circRNA 26 % . (1) splice sites W 4 & GU/AG;
mismatch<C 2; (2) Back-spliced junctions reads=2;
(3)two splice sites<<100 kb, Z£TF circRNA 7 & A
2H By A7 B O R S R G B R DRI OG AR 6 T AR

congenital heart disease;

gene ontology analysis;  signal pathway;

51 cireRNA #4738, 32 55 8 A 38 4, cir-
cRNA i & X R 55 25 & circRNA Yj fig & B, cir-
cRNA 733 B FZARIE circRNA 7£ 5 [ 41 v B [
PR RMEITER, 0 5 35, Bl intronic circRNA
exonic circRNA . antisense circRNA |, senseoverlaping
circRNA } intergenic circRNA, circRNA I gE i# B
JEHET cireRNA JE AL 32 ZAK G cireRNA X 1
Y circRNA-hosting gene IJ 8 #E 4T circRNA ) GO
HEB M KEGG HEE.

1.2.3 ZRMERRRE R8RS A SAM
PEorHT R AL ¢ KSR P AL L P <<0. 05 M54
Giitor B S0, MO AR 45 R R B AL R AT b v
RS S . ik P {H/FDR fifi g€ 41 [|] 22 5 & iA
circRNAs(FDR>2. 0, P <20. 05) . ¥4 % A Pusa-
menl. 10 Fl Cluster 3. 0 4T R 5 R A 507, 4K
4 3R 2 BT K TR B s B A )L CHD iy v 22
5 circRNAs BY %0 .

12,4 SEPIAER D Hr AUE S o i f 22 Rk
S A DAVID #1 Pathway Studio 5. 0 43 #7 ¥ {4,
TR AT T B P ESFNE,IE
FARYE P E R /MR K S . Fisher U1 3 2546 56
PIAS /NG S i S B, P R GO &2 7 £k
B E X, PE A, 22 57 O (P<<0.05) ., i
B KEGG B¥lg JE X CHD 22 7 R A R #1758 .
1.2.5 circRNA/miRNA %5 & 07 5 4 B &4
FDR>2 1 circRNA #] F 3¢ [ Arraystar 23 &) i)
miRNA &5 & A7 500 8 fF w0 5 > e U Be {8 1Y
miRNA 25567 . 38 320 7 5 B AN T cireRNA
L5411 miRNALJE B cirRNA-miRNA 36 R4,
1.2.6 miRNA #E N BN A AH GCBI M3 Cht-
tp://www. targetscan. org) ¥ 1T micRNA )8 3 A
e,

1.2.7 W H Cytoscape {5 # g 0 45 81 #4  : >
FDR™>2 9 cireRNA 52 W 45 & BT 5 47 = DT A
fE ) miRNA [ CireRNA/miRNA W 45 & ; ¥ 8 i 5
F2f) miRNA 2 /DH A2 kR E 5 CHD A7 2C 1
miRNA A circRNA/miRNA W 2% [&] ; 18 1= 48 5 K fi
W5 225 SCHk S & 2 A4S & CHD AH KR miRNA %
Hf £ hsa_circRNA 091419, 3 ¥ € circRNA/
miRNA 8% circRNA/miRNA/mRNA M2 & .

1.3 Gil#ab ¥ DL CireRNA 5 H 45 5 o 5 Al R
1 SPSS20. 0 e Hi {4 ik A7 Ko dh Ak 28 K 2 3t o0 Br . 2R



BHHREFSIEK 2022 F8 A% 19 %% 158

Lab Med Clin, August 2022, Vol. 19, No. 15 *+ 2065 -

FH ¢ K5, 0 2k HH 4 18] FDR™>2 B3 K o £k 8 % k-
PRI BE B, BT A 25 S MR K 14 e P <Z0. 05, [m] IR i
HZEFERBEERSA R 845515 GO 48 fi
EReE NS EAE

2 & R

2.1 CHD #iA: JLIf bR A p 22 5 35 circRNAs %
MIFGEFHIE o CHD Hi A4 LIS (n = 3) 5 1 g R
A LI (= 3) FEAT B4 43 A1, 480 % 271 8 T L 4G
MAZH 1 711 4 cireRNAs, F i 22 B FK M cireR-
NAs 375 4>, 7E CHD # 4= L th &3k B Y cir-
cRNAs 115 4>, F# 4 circRNAs 260 4~ (FDR > 2,
P<0.05),

2.2 ZERFHEIK circRNAs BUIIE  HARIEN A g5 11

B T A A 25 SRR T 20 4% cireRNAs H AL
5 %k circRNAs (hsa-circ-091419 | hsa-circ-402458 . hsa-
circ-406494 |, hsa-circ-016545 | hsa-circ-102016) , %
S B R A BEEE SV (qRT-PCR) X 10 X b A
(10 5l CHD i A= JL I A 10 i 4 5 A Ll 3O
3% 5 4% circRNAs /K-FBEAT A, 45 2R LI GAPDH
KNS AT IR E . AR R IK TR YR Y
PR R EL Co (B35, B 272 3k, Hh ACt=
Ctyzp —Ctoapon» 45 R B8, PCR W37 &2 5 F
S5 BCA AN [R) {H R Gk 0 508 A TR 1
PR 5 25 45 2R 1 — BOPE R4, SR BTUES 4 R ] A
B, AT A TR 2o 25 R LT 1

15 ] 8 I
) - i) Q
K] \\ ¥ 6
i 10 i’
= = 4
g > \ g ==

1T 2

0 ~\ 0 \\
A CHDZH ¥t E84H B CHDZA i ERLA

5 * 20 " 20 .

4 l 15 T
I ‘ B W [
53 X 10 o
| S E E
c CHDZH PO L] D CHDZH *tER4H E CHD#H X ERLA

W:A~E 23k CHD 45 %t B 40 hsa-circ-406494 | hsa-circ-402458 , hsa-circ-102016 , hsa-circ-091419 , hsa-circ-016545 circ RNAs #H X} % i5

', FR P<<0.001,

B 1 5 & E R KIE circRNAs I8 1E

2.3 circRNA/miRNA B 455 067 s 087 cireRNA
BA miRNA #0248 4F H 3 2 VE 90 AH O
9 miRNA W BN 0 kA VR, it 22 E Array-
star 23 A B miRNA 45 & 47 55 00 800k, A2 5
FIE M circeRNA U 5 4> PEFCAA 19 miRNA 454
L, 375 A2 F RKIKM circRNAs B 45 & T
1 546 4 miRNAs, H 4 4% 14 4~ CHD #H %) miR-
NAs,

2.4 [F5iEM M circRNA/miRNA A5 4E /Y B 2%
i X2 R RIEMN 14 4 miRNAs B3 H 175
S AT A R BN E R R HER T 3 0 Y 3 B R
AR e B UN | B el = 2 SR T I AN | IR
¥15 CHD 5 #LAH ¢, fE3X 14 4> CHD M E
miRNAs 1. X W 454 T 24 4 circRNAs, A ) miR-

NA KNI1EgE4E —A cireRNA L 41 hsa-miR-208-a-5p; 1
—~ cireRNA 456 T £ miRNA, HH hsa_cir-
cRNA_102410 454 7 5 4 miRNA, 4§ hsa-miR-
92a-1-5p, hsa-miR-92b-5p, hsa-miR-612, hsa-miR-
181d-3p.hsa-miR-890, i i hsa circ_091419/miR-
145/mRNA F [ 2% B R g, T ) CHD A 5C 0 1 [H
34 4,41 4% hsa-miR-145-3p M ITGBS,
3 #

CHD 2R Jif A& & i 7 v fie o o LAY HS 2B e B 2
— TETE R A L R Sk 4%~ 500, 2 2R 4 L
FEEEYBE T PRI BFgE A B IACE CHD 19 &
Az R e 5 B TR O A A st A% R R B DIAH G (H B R
IWHLHS AR . HAT. 2 WL CHD Bof 4 b ifE
HREHORT 75 0 3 18], BOAR H2 Wi e 53 B s H K e



+ 2066 - MIEF 5K 2022488 A% 19 %% 15 W

Lab Med Clin, August 2022, Vol. 19,No. 15

LRI &

OIERE 5% 2 — W A2 W R FAEH L
A R H O BEAL TR 2 4 i A VEAE . BRI K&
CHD iy & 4 . % B 5 Nkx2-5.GATA4,SRF % 3 [H
e[ 2538 53 Noteh, Wit 2545 53 #1758 4% &
MEAEHA K", 4T AW B CHD M % 4
KR T LR ARG, AT o AR T kB
CHD 22 57 338 1Y 5L A, {H 0 i 26 36 Y 22 53 3R 3k 1)
P PRI AF 5T EE /D, Bl g A B R B A
HVHe 55 20 7 1 e AT F 58 3R WL s/ RNA (miR-
NA) K #EJE % 5 RNA (IncRNA) I cireRNAs %
Zfih RNA AT 2 5 40 i A= 1 o0 4 0 455 12 40 g 1 5 5
PTGy i fE O R T P R REEENY

157l B B9 0 A T B, Al circRNASs S8 B ol il ¢ 5
ARALHEFE B cireRNAs [ 22 5 RN T RE. R
J5 2% circRNAs T REOF 5T 50 AE Y bs 25 W 1 18 4 11 1 4%
KAIAEF], cireRNAs & HAH K45 & AW % &
IR AR A 0 SR, T AR ORE O I R A 2
P s & A L e 1 I

circRNAs 322238 it 5 4+ M 0 i miRNA | 9/ # 5
P ol S B KR T RNA 454 8 A5 Aok m 4
MR MARET KSR WANEE. HS 5T L
A 28 O JUE S 2T A 200 O JIUE R P 28 R e 9
R A L AR L cireRNAs [ B 5 B 4 45 #4 %
A% R T S U, B HL R M RNA T R R nl A S W A
(112 W97 L6 5 995 R RE 1) A b e

VF 220 I A8 95 905 TR et AR 2 Bk 5 &8 5 circRNAs
HxX, AW ERM, &R CIRCDHCR24 7] DL % i
VTR UL L 1 38 5 L A B N R AL L 4, DT B Il
R ZEPE M &MY L cireMGATL o] i 5 3 17 miR-
34a/Y AP Hit, 3040 40 B 0 T, 42 2E 40 I 3 5 O e O
T RIRIT AR AR A . A PR S R R W, miR-22-3p
BRI F L T cireMap3k5 X 1L 4 S i L 40 M 14 i
FEAERSOY . AE SMC B Tet2 SN F /N B
Tet2 BIGRIETEBR T cireMap3k5 4©-5 09 1 45 S 345 UL 28
MR PR FEVE . cireMAPSKS J& TET2 4 & 9 1.
= e R 0 o O < i o s [ 0 e S L ) S b
MAP3KS5/miR-22-3p/ TET2 i ] g4 it T — 4~ W 7E
FIRY PN 8 A AH S 08 BT T SR I A 335 00 7 R 8 ik
HORERE ALY . SCRRARIE . circRNA-miRNA ¥ 4% ) 1
JHOX 5L Lo B HE 252 ), 0 WLAE & 0 WLET 4 4k
R0 F 3o, v 2 LA e 20 I o R B Ak L 3 o A
T2 AR 0 LR L 48 e S5 VR T, AT 38 5 935 miR-
NAs fi o 40 i A K A b m 4 246 .

AR5 % B Arraystar circRNA 3 H 58 B X

CHD #r A= JL K fee B 3 A= LML ' cireRNAs 3 47 5
L B AE T AL IR KK Y 25 50 R AU R
AL AR AE CHD & 9 v i 5 224 Y 2k I8 oo i
PL circRNAs F 3R 05 Fr 2 S o 3Rl 0t 8 B 3 3k b 3
FEME E T K circRNAs, @3 E91E S % T
H—L St 2 % cireRNAs P GO 237,
PAZEE Arraystar 28 6l B9 miRNA 25 & 7 A5 7 ) 4%
P % A 22 S F K0 cireRNAs T 5 4> w5 DC e {5
B miRNA 25647 15,375 D227 RIK M circRNAs il
M&E4 7T 1546 & miRNAs, i35 14 4~ CHD #{
% 1 miRNAs, hsa-miR-145-3p. hsa-miR-499-a-3p.
hsa-miR-208-a-5p.hsa-miR-199-a-5p F EHIEL S 5
CHD WM e B A . 1 KEGG B X 22
SRR circRNAs #E47 D RET I , [5] B %F 7T B8 5 CHD
FHEH miRNAs #4741 05 5 8 B8 40 7 S e DL &6
4 CHD #H & miRNAs % H iz £ 1Y hsa-circRNA-
091419 M ), i F Cytoscape 3 {4 4 # T hsa-cir-
cRNA-091419/miR-145/mRNA ) M & K, & X
BRI IE . miR-145-5p 78 7.0 g H & P IR gk, Hoad
F23k 0] 5 40 Smadd A AW H/R iFE S M
CMEC #1455, 4278 hsa-circRNA-091419 1 1 1 F
T2 % M miR-145, /E H AL R ITTGBS 5% Wi O
bR B2 O WUILES 88 71 T /9 2 3k, DT 52 1
O ER.

AW AT — 2 1 ey B AR BF 5% A0 38 2 15
BT hsa_cire_091419 W] GELE O IE & & it 2 &
PEAE AR B A 38 2 3 56 1E 47 5030, L 5 8 3k Y 1T-
GBS W Bt AR miR-145 22 [6] 1) 56 & o 75 B ok — 4
) 5 IE

S % 3k

[1] ZENG Z D.ZHANG H W,LIU F L.et al. Current diag-
nosis and treatment for critical congenital heart defects
[J]. Exp Ther Med,2016,11(5) :1550-1554.

[2] CHAKRABORTY A,GORLA S R,SWAMINATHAN S.
Impact of prenatal diagnosis of complex congenital heart
disease on neonatal and infant morbidity and mortality
[J7. Prenat Diagn,2018,38(12):958-963.

[3] GURIA A,SHARMA P,NATESAN S, et al. Circular RNAs-
the road less traveled[ J ]. Front Mol Biosci,2019,6:146.

[4] GU M,ZHENG A B.JIN J,et al. Cardioprotective effects
of Genistin in rat myocardial ischemia-reperfusion injury
studies by regulation of P2X7/NF-kB pathway[ ] ]. Evid
Based Complement Alternat Med,2016,2016:5381290.

[5] CLOETE E.BLOOMFIELD F H,SADLER L.,et al. An-
tenatal detection of treatable critical congenital heart dis-

ease is associated with lower morbidity and mortality[J].



BHHREFSIEK 2022 F8 A% 19 %% 158

Lab Med Clin, August 2022, Vol. 19, No. 15

* 2067 -

J Pediatr,2019,204:66-70.

[6] BARTEL D P. Metazoan microRNAs[ J]. Cell,2018,173
(1):20-51.

[7] KAZIMIERCZYK M,KASPROWICZ M K,KASPRZYK
M E. Human long noncoding RNA interactome: detec-
tion, characterization and function[ ] ]. Int ] Mol Sci, 2020,
21(3):1027.

[8] ZHOU W Y,CAI Z R,LIU J,et al. Circular RNA : metab-
olism, functions and interactions with proteins[]]. Mol
Cancer,2020,19(1) :172.

[9] GUO T Y.HUANG L,YAO W.et al. The potential bio-
logical functions of circular RNAs during the initiation of
atresia in pig follicles [ J ]. Domest Anim Endocrinol,
2020,72:106401.

[10] LIU H.HU Y,ZHUANG B.et al. Diffrential expression
of circRNAs in embryonic heart tissue associated with
ventricular septal defect[J]. Int J] Med Sci,2018,15(7):
703-712.

[11] PENG W J,LI T,PI S F, et al. Suppression of circular
RNA circDHCR24 alleviates aortic smooth muscle cell
proliferation and migration by targeting miR-149-5p/
MMP9 axis[J]. Biochem Biophys Res Commun, 2020,
529(3) :753-759.

[12] CHEN P Y,ZHOU C R, LI Bset al. Circular RNA MGAT 1
regulates cell proliferation and apoptosis in hypoxia-in-
duced cardiomyocytes through miR-34a/YAP1 axis[]].
Int J Clin Exp Pathol,2020,13(10) :2474-2486.

[13] ZENG Z,XIA L X,FAN S Y,et al. Circular RNA circ-
MAP3KS5 acts as a microRNA-22-3p sponge to promote

resolution of intimal hyperplasia via TET2-mediated
SMC differentiation [ J ]. Circulationaha, 2020, 143 (4):
354-371.

[14] L1 X, YANG L,CHEN L L. The biogenesis, functions,
and challenges of circular RNAs[J]. Mol Cell, 2018, 71
(3):428-442.

[15] LIN F,CHEN H W,ZHAO G A,et al. Advances in re-
search on the circRNA-miRNA-mRNA network in coro-
nary heart disease treated with traditional Chinese medi-
cine[ J ]. Evid Based Complement Alternat Med, 2020,
2020:8048691.

[16] LIL L,MAO C D,WANG G P,et al. miR-145-5p allevi-
ates hypoxia/reoxygenation-induced cardiac microvascu-
lar endothelial cell injury in coronary heart disease by in-
hibiting smad4 expression[ J]. Eur Rev Med Pharmacol
Sci,2020,24(9) :5008-5017.

[17] GUO R,FENG Z,YANG Y,et al. Association of a miR-
499 SNP and risk of congenital heart disease in a Chinese
population[ J ]. Cell Mol Biol ( Noisy-le-grand) , 2018, 64
(10) :108-112.

[18] PINCHI E.,FRATI P, AROMATARIO M.et al. miR-1,
miR-499 and miR-208 are sensitive markers to diagnose
sudden death due to early acute myocardial infarction[ J].
J Cell Mol Med,2019,23(9):6005-6016.

[19] LI Z,LIU L, HOU N, et al. miR-199-sponge transgenic
mice develop physiological cardiac hypertrophy[J]. Card-
iovasc Res,2016,110(2) :258-267.

Clicfs B 31:2021-09-16 & 18 H 1 :2022-01-08)

(8255 2062 50

[11] ZHU M S. SARS immunity and vaccination[ J]. Cell Mol
Immunol,2004,1(3):193-198.

[12] CHEN N,ZHOU M,DONG

clinical characteristics of 99 cases of 2019 novel corona-

X, et al. Epidemiological and

virus pneumonia in Wuhan, China:a descriptive study[J].
Lancet,2020,395(10223) :507-513.

(1370 MR8, 52 Bk, A =0, 55 7 L Teb IR 2 8 e 3 5 e 1
Uik A A R AR OF S B R [T ], AR AT i 2 R i
2021,42(1):39-43.

(140 E 5, Bh— 4k 0 el s T8 5 i 22 2 M A ROty B2 [T .
i [ B 2% B 42,2020, 34(5) : 581-586.

[15] LIU X M, WANG J,XU X L,et al. Patterns of IgG and
IgM antibody response in COVID-19 patients[ ] ]. Emerg
Microbes Infect,2020,9(1):1269-1274.

C16] AR, 52 E K. 40 A5 SR 6 4 70 5 R o 22 I 4 5
PEGT ARG I Y 52 ma L) ], 1 PR A6 35 2% 75, 2020, 38 (3) : 161~
163.

[17] LI K,HUANG B,WU M,et al. Dynamic changes in anti-

SARS-CoV-2 antibodies during SARS-CoV-2 infection
and recovery from COVID-19[]]. Nat Commun,2020,11
(1):6044.

(18] sHiA . 269k, K &, 5. Bl im s PR 25 W o itk

JE BT, rhlili%z%“#rﬁ,zozo,zxom:1-6.

[19] AMANAT F,KRAMMER F. SARS-CoV-2 vaccines:sta-
tus report[J]. Immunity,2020,52(4) :583-589.

[20] Fz A8 R E %, 1MLE SARS-CoV-21gM #il 1gG #T
PR R B L L B DI RE S B LT R R R 2 S il
K ,2021,18(10):1390-1392.

[21] XIA S.DUAN K,ZHANG Y et al. Effect of an inactiva-
ted vaccine against SARS-CoV-2 on safety and immuno-
genicity outcomes:interim analysis of 2 randomized clini-
cal trials[J]. JAMA,2020,324(10) :1-10.

(227 A, o o L b5 2550, 4. B T 5 RS 5 IgM AT 1gG 4t
A A Tl AS ]G 32 700 P K PR IO FH B [T v A A 36 25 2
Z475,2021,44(2) :137-141.

ISR H #1.2021-09-16 18 H 1 :2022-01-08)



