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Abstract : Objective 'To investigate several effective siRNAs against different regions of the CVB3 genome
for CVB3 silencing in vitro and explore whether the sequences except CRE within the 2C region was potential
targets for CVB3-specific siRNAs design. Methods In this study,eleven siRNAs were designed to target seven
distinct regions of the CVB3 genome including 3D,3C,2C,2A,VP3,VP2 and VP1. All of the siRNAs were indi-
vidually transfected into HeLa cells, which were subsequently infected with CVB3 12h later. After 36h the vi-
rus were harvested and the impacts of RNA interference ( RNAi) on viral replication were evaluated using
five measures:50% tissue culture infectious dose (TCID50) ,3-(4,5-Dimethylthiazol-2-yl) -2, 5-Diphenyltet-
razolium Bromide ( MTT) assay, Western blot, and real-time RT-PCR. Results Five of the eleven siRNAs
were highly efficient at inhibiting viral replication in the levels of cell viability,cytopathic effect,infectious vi-
ral particles,viral protein expression and viral RNA. This was especially true for siRNA-5,which targeted the
ATPase 2C. The viral RNA recovered from samples with siRNA-5 treatment was decreased by 84% . Conclusion

Our results revealed five effective siRNAs for CVB3 silencing and provided evidence that the sequences ex-
cept CRE within the 2C region may also be potential targets for CVB3-specific siRNAs design.

Keywords : Coxsackievirus B3 ;RNA interference ; Small interfering RNA

FIBEE I RE B3(CVB3) JEHUIERE RNA B35, 0] S8l BARMH BURR A9 40 it st - CVB3

A5 R Z RN, WTFR T HRERA L BRI A

RRICR 5 Bt — P BRI W N2 2 i) R 1Y

Se4 T A I RA B2 AR R BRI A (2018Ws  BIATRNE

210) RNA T3 ( RNA interference, RNAi) i 4E 3k



T BEFBEF4R 2020 4E 2 H25 43 55 1 8] J Jining Med Univ, February 2020, Vol. 43, No. 1 <15 -

EPURE SR T E KM 1. siRNA X
TR Z RO 7 A IR 24 b A A P70 A4 siR-
NA i CVB3 & ikl 5T H it 18 22 1 BA e
1 AR5 IESE VP X 24 X 3¢ XM 3D
DX AT ASE T A S siRNA 81, Kim 250
CLIESE 2C X A9 CRE #47 & 1T siRNA JEFI R0 A
AR A o

ASCK BT sIRNA JP 515594 A HeLa 4fi i,
5 e )RR 47 ) siRNA J7 31, [A] B #R 5% 2C X
CRE DIAMPAFRER 10T LT CVB3 5 7tk 4
ff) siRNA FE51).,

1 #MR5ETZE

1.1 ##

1.1.1 JREMANNE  HeLa 200 b v [ 4R ML Rl
e 7R R I BT A0 B L A ik, CVB3 H3
JEFALE CVB3 JLR 4K 1 B e M 5 % PMSK-1
JEORL' " (8 5B UST056 ) s e A 4L I 3k A5
TR T R P 7R DR R 2 ) FR AR A 1
HAE HeLa 21 M b 36 1k, % & 1% 0% 3 % 8
10*TCID 50/ml

1.1.2 FERFIFUES  EntransterTM-R §% 44
I g A% B A Wy A\l 98Ot i PCR ORI &
Premix Ex Taq TM( DRR039) =4 TEARA
A B FR AL LEICA-HC 2% 5 W B Leica 24
Al

1.2 7%

1.2.1 957 TCID50 Ji 2 7F 96 fLAY 4 a5 5724
i HelLa 210, % B4 5 x 10° 41/ FL K40
MuREFE 12h 5, JEAT 9 3 50% 20 2185 37 IR e ) i
(50% Tissue culture infective dose, TCID50) [ Vi
o RN, MR 1 x 10" 1 x10% 1 x
10° 1 x10* .1 x10° 1 x10° 1 x 107 |1 x 101 x
10° 1 x 10", 4 5t 100l 43 B0 A 96 FLAR 1, 4
MR HAT T 8 ANEE L, 11 A 12 51 Rkt
R, A R AE S BUBE T 48 48 JiEL 19 995 22 ( cytopathic
effect,CPE) ,jdsR45 %, HZE CPE (& S, %
I FR BRI B B AR LR IR TR S R
$4E . FH Reed-Muench 3318 495 # 1 TCID50/
ml,

1.2.2  siRNA it A BAbRIC CVB3 B HF
HITE GenBank H 25 5%, HIE 56558y US7056 , #2 11f
Elbashir 2% j% Reynolds[lﬂ Mt RN, £ CVB3

(13D 3C 2C 2A . VP3 VP2 il VP1 X %1t T siR-
NA JPFI LTt 11 45, 43 5lan 444 siRNAL-11, 3§i%
T H FAM #3121 JC 56 siRNA J7 911152 Sk B X R
2H siRNA-NC, PP T B 2H siRNA-PC @HUA4E K& B
TR I ) AR B 19 siRNA 311 13 4%
siIRNA il 45 A B 3" i3 1 F T dTdT B % ()75
W) o AHEY siRNA FEFZ TR R R A
DEPC 7K Ht  Fii B 2R B2 R 20pM, 7 T - 20C 4
Mo

%1 siRNA 77| fo 3 5 32 X 3%,

AR LB FF (537) FRH HHFBRALE
siRNA-1 ~ AAGCGTACCAGATACCTGTGA VP3 1932-1952
siRNA-2  AAGAACTACCATTCAAGGTCT VP1 2609-2629
siRNA-3 ~ GGUAGUAAAUAGACAUCUA 2A 3340-3358
siRNA4  GGATCAATCTACGCACCAA VP2 1518-1536
siRNA-5  AAGTTAAACAGCTCAGTGTAT 2C 44844504
siRNA-6 GCTGGTAACTGAGATGTTT 2C 49544972
siRNA-7  AAGTCACGGATTACGGTTTCC 3C 5712-5732
siRNA-8 ~ GCTAAAGAGTTAGTGGATA 3C 5534-5552
siRNA-9  GCACGAATATGAGGAGTTT 3D 7189-7207

siRNA-10  AAGGAGACCAATTACATTGAT 3D 6689-6709
siRNA-11  AAGACCATGTGCGCTCATTGT 3D 7143-7163
siRNA-PC AATCATGACACCAGCAGACAA 3D 6972-6990
siRNA-NC ~ UUCUCCGAACGUGUCACGU None None

1.2.3 e iR I B FAM dRic iy B
Xf B ¥ 51 siRNA-NC i B ¥k B2 43 53] 2 200nM
150nM #1 100nM, EntransterTM-R ( wlL ) : siRNA
(pg) BM4: 201 5: 2, Hela 40 0 21 40 Mo 3% 354
AR ESUA R 1) DMEM 8 38 2017 85 3%, 1 4N
HLik 2 40% 7o A7 WO Rl B I R AT siRNA #5295
e siRNA 12h J5 53 926 2 30 S =X 40 ML AR 4%
AR WL 108 foe i LAY G siRNA (19 2518

1.2.4 YL siRNA 5/ CVB3 ik E N
150nM [ siRNA F1 Entranster TM-R #2288 2: 59 b
BIVEA IR A 5 5 Y2 A HeLa 4, A UK 5256 3143
16 2 ,siRNA-1 .siRNA-2 . siRNA-3 .siRNA-4 siRNA-
5 .siRNA-6  siRNA-7 . siRNA-8 . siRNA-9  siRNA-10 ,
siRNA-11 ZH 73 1) e Y AH L ) siRNA J 31, siRNA-
PC Ry G AVEXT BRZH , siRNA-NC Sy #% 3 [ ¥ x) 1]
ZH , mock "M INEL J4iX 7| Entranster TM-R 2H , virus
only 412} HeLa ZH I RF YT . TH Y5
12h 7ELA_E 15 2] HeLa #4fiJfd - 735 % 0. 01MOI
f) CVB3,sham infected J2& 1E % 4 M X) B4, R 5% e



- 16 - DF T BREABEcA A 2020 4F 2 4

43 K 18] J Jining Med Univ, February 2020, Vol. 43, No. 1

sIRNA FUR G 1 . T B/ s Hela 4] 36h
JE WK H B 4 I R 75, A DU siRNA i 2 52 1l
AR
1.2.5 MTT LRI EIReE Yok 16 g4
(9 E AR, 43 m A MTT W85 5% 4h, 38 K 55 5%
TR 43 ) A VR 3R SR K e R A T
A490nm A BB FLIYIEG{E ., sham infected J& 1F
A X BRCZEL o A0 L 1) 3 SR RE S 100% , 43
ST 2R 20 M AT %
1.2.6 Real-time RT-PCR 1‘&{5‘]%[]%]&5{% Wik B
(Y9 200 J A5 7% FH S PO € #: RT-PCR #EAT AR
D, B B-actin 2 N2, 4% siRNA-NC 4b P20 %
iy calibrate 5§ Ay 1, 34k A R 5 05 86, A6 & 1
1) 11 2% siRNA JF1 % CVB3 S il (1 41 i 5 150 o
1.2.7 Western blot ¥ VP1 &5 25454k Ik
A H RN, b B S R AR 20/ AL EAE, 230
I3 -actin BLGEREGIR (1:5000) F VPL 2 1 RR 571 4

SEREBTIA (12 1000) 37°CHEE 1h, PS5 43 i
/\?ﬂifﬁ(HRP)ﬁiﬂﬂ"JﬂJiﬁﬂ IgG —HrFnLIFEHt
Y 1eG — P90, MBS, R
1.2.8 M0 A I 22 0 il 38 Hela 40 i %%
YL 13 4% siRNA £ 41 12h J5J8Y: CVB3, B UL 75
36h JEWieak Hela 4iJ, % 2 E3E TCID fH
1.3 gtk

K SPSS22. 0 Ge it o A kA7 K dls 7y, /&
PR x x5 R, I HBCR T ANOVA, P <0.
05 NhESAGIE X,

2 HR

2.1 SEFFEHME

TEAR] B D6 WA T MEEA R T siRNA-
NC HHe e, B siRNA JeRTEYKR Iy 200nM Al
150nM 4R o i 240 A 0 25 2R 2 7R 2 siRNA
He iE 4 150nM , EntransterTM-R ( wL.) ; siRNA (pg)
=5: 200, siRNA e e ORI I, B ML Ay de
QR L) .
2.2 siRNA /& fm 2 7 @ *F CVB3 #9474

siRNA J-&Yu 75 36h J5 HeLa 4011 (5571515
DL, KB =X BE 4 siRNA-NC ,mock Fl1 virus only
HORHR 73 19 HeLa 4i g 3 2 i B 28 . siRNA-1
siRNA-2 siRNA-6 — 241 4 Jitd 5 22 55 00 5 B 4 X R
AL, AR R B PR RCR o siRNA-5 21 5 2%
B/, siRNA-8 Al siRNA4 78 R Z (LI 2) .

5] R T LSS Y 20 A s A8 45 R AR AL, MTT
PRI 25 H B 7R = AXF BB 4 mock \siRNA-NC  virus
only Fll siRNA-1 . siRNA-2  siRNA-6 4b F 21 o 41 ity
FET-H ik 80% | 1M H & 21 41 A () B T R HE T K
U :siRNA-11 > siRNA-10 > siRNA-9 > siRNA-3 >
siRNA4 > siRNA-8 > siRNA-5, [A siRNA-1 ,siRNA-
2 siRNA-6 =21 siRNA RKFE I HIRP RO, BUE it
SEVEIRIE =, IS A A TR I AN S 5 . A AR
AT T AN S, IR Z AT IR,
x* P <0.05, = * P<0.01,

100nM 4:2 100nM S 150nM 4:2 150nM £

200nM 4:2

(B) 100 5
80
60 —

40 —

MR /%

20

IOO \1 I00 M l<0 \l 150nM 200 \l 200nM
5:2 5:2 §:2

ARE

E:(A) A ZMATII; (B) 7 X 2 JLHE AR A
B 1 Hela Z0fF siRNA-NC # % 91,2 (400 x )

ﬂmﬁi&¥/%

oL _' P AT L ‘ e —. R
Eonee - - . . T
o neg fy J - { AR N
|~ "\ b . . L & o
. -.,. : “ - . o
v \ g : -
QNG - N RN

ooh .0-‘ B e S N .
D S WRTIN -t -

60 I

PC !ﬂLA -m.v,\ HRNA :m.\

sRNAZY]

E AR S AL T AL Hela 64 28 it5% 4 5L (200 x ) 5
B, MTT % #-m) R ] 48 4m oL 75 76 5
B 2 siRNA 2+ CVB3 53 64 4m it s 55 64 3 )

2.3 RNA /K-F_E siRNA xf CVB3 J& 7 64 37 4]



T BEFBEF4R 2020 4E 2 H25 43 55 1 8] J Jining Med Univ, February 2020, Vol. 43, No. 1 <17 -

Real-time PCR J5 7545 B g 78 siRNA-5 X5 5%
0 i % fe =y, i 84% , siRNA-8 IR Z, i 82% ,
siRNA-11 2§ 1Y} 28% . siRNA-PC . siRNA-3 .
siRNA4 | siRNA-9 Fl siRNA-10 4% 3 K. 62% |
2% 80% 72% F163% . FrAEdsiH1T T =45
ISy, SRR Z AT, + P <0.05, % *
P<0.01(H3),

1254

RNAAXE #ik 7K F
e =
3 8
1 1

e
2
I

o

I

b3
l

e
8
I

8 9 10 11 NC Mock Virus
only

SIRNAJF51
B3 mRNA KT siRNA 0% 2R

2.4 FEGKF EHm siRNA x CVB3 & 745

VPL 5 0 R e MR 2500 ) B TE B A JRk e
CVB3 fy4uia i, =A%) BR4H virus only ,mock I
siRNA-NC AbFifY Hela Ziiffdrh VP1 & 1 £ IA 00 &
HZEAF, BE £, A siRNA-5 siRNA-8 siRNA4
AbFER) HeLa 4 g b VP 2 1 A9 & B R8> Pr
AEARHAT T ZAEE S, “IREL ZRHTTIHT
=, x«P<0.05,* *P<0.01, WLE4,
2.5 siRNA 225 CVB3 i) T A

BRI 2 45 R 7R, siRNA-LT 5 2 A 100 1)
F A%, 5 siRNA-NC #f L, CVB3 i R T
0.7logl0. H:vh siRNA-S [0 %1 % 5 &5, CVB3 1Y
FMIRET 2logl0, 5 MTT,CPE , Western blot FlI
real-time PCR %5 B A0 4, siRNA X CVB3 fi41 %1
AR sIRNA-S > siRNA-8 > siRNA<4 > siRNA-3 >
siRNA-9 >siRNA-10 > siRNA-11 ( DLIKI 5) . FR A %K
PEAT T A ER LR, R ER Z mPET R,
x* P <0.05, * *x P<0.01,

VPIE EAf X RIE KT

PC siRNA siRNA siRNA siRNA siRNA siRNA siRNA NC Mock
s 8 9 10 11

p.c«an-—.~- - S G

siRNAJF51)

B4 ZEGKRFH#n siRNAsiRNA 33 CVB3 64 47

8.00—

TCID, /ml (Log,,)

PC 3 4 5 8 9 10 11 NC Mock Virus
o L
siRNAJ¥51

A5 siRNA 2t CVB3 464 341
3 Tt

FIE= 47 8 B3 RERE , HARZY 22 ~30nm,
B IESE RNA, 21K fy 7396 ML 4L A, HA mR-
NA HEPERUEGerE " o HRENRESN X N 5" 3t A 4
X (5'-untranslated region,5'-UTR) Pl [X P2 [X |
P3 X 3'#idE4ifisIX (3'-UTR) Fl—~> Poly (A) &,
CVB3 AILAB|RAR Z ¥, 24 LA S0 IF F
B, W R A LR A0, B = AR AN
R A 21 ~23 LR (nucleotide , nt ) [y 7 X4
RNA (small interfering RNA , siRNA ) 7] {ifi #1 1] J&
FA) 2 08 77 A BH I ) R S MR SR AT s RSO, i HAN 25175
S RE SN RN AR i 7 1, DR L siRNA i FH T I PR
BT ATREN

CRE X5 5 & il AT G ), 76 CVB3 JEH
3’ -UTR [X .5 -UTR X1 2C X %4 —1 CRE
TEAE . BT R B— B 22 CRE 1 218 IR, HiAe
15 BRI K 252 20 FE i, R 37 -UTR X
157 -UTR XA siRNA B38BT iR 2
5% L 2C X ) CRE S 8 & 47 HF 550 Merl
S ARIESE EAIESEAE EVTL Rl CAV24 BBl 2 b
fEHILF P Ry 2C X CRE #6435 11 Y siRNA
FPAA SR TR T 3 P RROS 5E  B0 M . SR M 4T
X CVB3 H AT A Kim 2512 41 54 A BAFE L 2C
X[ CRE 43 &P T — A UTER B R E 5 1Y siRNA
P 5], AR 448 CVB3 JEH 4+ 2C X CRE LLSME
AR BT sIRNA (1A 500 52 4 1k %A
EATBF IR SE . A e, AR 3T T siRNA-S Al
siRNA-6 % siRNA 51, {1394 2C X CRE L4
HNPEEDR P A B A o AR SCEE I I8 R AR YR G 3 1Y
11 %% siRNA 551, siRNA-5 S} CVB3 [ 1 ] 2% i
B VTR R 35 84% | 4% siRNA-5 b3 ) HeLa
AR AN TG R B T 86% o T UIESZERAIE T
CVB3 JLPH 4 2C X CRE LA 3843 th 2 15 31
siIRNA [ 50H A5



- 18- O T BRAEBE S 4 2020 4R 2 15

43 5

1 #4 J Jining Med Univ, February 2020, Vol. 43, No. 1

FRAIFIE B BT LA 2A XA 555119 siRNA
B2IBSELEA RN Y € =8 = T N ) A a2 i)
siIRNA-3 D) 2A [X fy#f 5, =) CVB3 NG ES

KRBT 72% , HAWFEHLL 2C X A3
siRNA-5 X} CVB3 [AUTERAL R IE = 76 2A X%
11 siRNA-3 PR, A B AT BAHEIN CVB3 R 24
H2A XATRE IR 21Tt siRNA B3 51) f B AR Y
X

ARICRIT S5 F8 0 siRNA L7751, e AT
CVB3 BJTBRAL R 8 v , [Al B E R IESE T 2C X
CRE DISMYER /2 it siRNA AR A, A
W5 M BiiG CVB3 L 5| S i 9 B P o 24t 1
B AR

S 3k

(1] Za, 042, L8552 ALERELT A5
CVB3 a%é‘ri«umﬁid\ﬁm TNF BefA8 % 2 F-1
AZIFN-y 2k []]. £ R P HBEL S L&,
2018, 13 (10) : 64-66. DOI: 10. 13935/j. cnki. sjzx.
181016.

Fung G, Luo H, Qiu Y, et al. Myocarditis [ J ]. Circu
Res, 2016, 118 (3) : 496-514. DOI: 10. 1161/ circresa-
ha. 115.306573.

FAR KRR, ARFE,F ARBEREREAES

&;%ﬁ%@%&&U]?E@%W%%%%%
#7,2016(S1) :213. DOI;10. 14009/j. issn. 1672-2124.
2016.s1. 184.
Luo X, Yao H,Song J,et al. Coxsackievirus B3 infection
triggers autophagy through 3 pathways of endoplasmic re-
ticulum stress[ J]. Biomed Environ Sci,2018,31(12):
867-875. DOI:10.3967/bes2018. 115.

UTR-binding proteins reveals the ATP synthase subunit
ATP5B as a host factor that supports late-stage virus
replication[ J]. Biol Chem ,2019 (online). DOI; 10.
1074/ jbe. RA118. 006004.

E0b,ILE, KB %, F. RNAI /~F ObR & R i’,g}\xj-
AFUSK IR TR M K1 40 36 78 5 43 2 Ak 7 49 %
[J]. T EFRSH,2015,38(2) :99-102. DOI. 10.
3969/j. issn. 1000-9760. 2015. 02. 006.

R, F W, AT siRNA L% B7-H4 B B 2P A
PRBMIGEE NG R[]]. FTEFRFR,
2016,39 (5):320-323. DOI: 10. 3969/j. issn. 1000-
9760.2016. 05.005.

Ahn J,Jun ES,Lee HS, et al. A small interfering RNA
targeting coxsackievirus B3 protects permissive Hel.a

cells from viral challenge [ J]. Virol, 2005,79 (13):

Ren L, Ding S, Song Y, et al. Profiling of rotavirus 3~

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

[18]

8620-8624. DOI:10. 1128/jvi. 79. 13. 8620-8624. 2005.
Merl S, Michaelis C, Jaschke B, et al. Targeting 2A pro-
tease by RNA interference attenuates coxsackieviral cy-
topathogenicity and promotes survival in highly suscepti-
ble mice[ J]. Circulation,2005,111 (13) :1583-1592.
DOI:10. 1161/01. cir. 0000160360. 02040. ab.
Merl S, Wessely R. Anti-coxsackieviral efficacy of RNA
interference is highly dependent on genomic target selec-
tion and emergence of escape mutants[ J]. Oligonucle-
otides,2007,17 (1) : 44-53. DOI. 10. 1089/0li. 2007.
0057.
Yuan J,Cheung PK,Zhang HM, et al. Inhibition of cox-
sackievirus B3 replication by small interfering RNAs re-
quires perfect sequence match in the central region of
the viral positive strand[ J]. Virol,2005,79(4) ;2151-
2159. DOI:10. 1128/jvi. 79.4.2151-2159. 2005.
Kim YJ,Ahn J,Jeung SY,et al. Recombinant lentivirus-
delivered short hairpin RNAs targeted to conserved cox-
sackievirus sequences protect against viral myocarditis
and improve survival rate in an animal model[ J]. Virus
Genes,2008,36 (1) :141-146. DOT: 10. 1007/s11262-
007-0192-y.
Knowlton KU, Jeon ES,Berkley N, et al. Mutation in the
puff region of VP2 attenuates the myocarditic phenotype
of an infectious ¢cDNA of the Woodruff variant of cox-
sackievirus B3 [ J]. Virol, 1996,70 (11) :7811-7818.
DOI:10. 1111/j. 1365-2893. 1996. th00107. x.
Slifka MK, Pagarigan R ,Mena I, et al. Using recombinant
coxsackievirus B3 to evaluate the induction and protec-
tive efficacy of CD8 + T cells during picornavirus infec-
tion[ J]. Virol,2001,75(5) :2377-2387. DOI;10. 1128/
jvi.75.5.2377-2387.2001.
Elbashir SM, Lendeckel W, Tuschl T. RNA interfering is
mediated by 21-and-22-nucleotide RNAs [ J]. Genes
Dev, 2001, 15 (2 ). 188-200. DOI: 10. 1101/gad.
862301.
Reynolds A,Leak D,Boese Q,et al. Rational siRNA de-
sign for RNA interference[ J |. Nat Biotechnol ,2004 ,22
(3) :326-330 DOI:10. 1038/nbt936.
Kim K, Kanno T, Chapman NM, et al. Genetic determi-
nants of virulence in the group B coxsackieviruses[ J].
Future Virol, 2006, 1 (15):597-604. DOI; 10. 2217/
17460794.1.5.597.
Grimm D. Small silencing RNAs ; state-of-the-art [ J ].
Adv Drug Deliv Rev,2009,61 (9) :672-703. DOI: 10.
1016/]. addr. 2009. 05. 002.

(KHBEH  2020-01-09)

(A g RRRE)



