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Ciclesonide inhibits Zika virus replication in vitro
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Abstract: Zika virus (ZIKV) is an emerging mosquito-borne virus that is associated with severe congenital
brain malformations in the fetus and Guillain-Barré syndrome in adults. However, there are currently no drugs or
preventive vaccines approved for ZIKV infection. Here, ciclesonide has been found significantly against ZIKV
activity by plaque and cytotoxicity assays in vitro, and its 50% effective concentration (EC.,) to ZIKV SZ01 and
MR766 are (0.40 £ 0.22) and (1.59 + 1.08) umol-L™*, respectively. Its 50% cytotoxic concentration (CC,,) to Vero
cells are (64.70 £ 7.33) umol-L*; Virus yield reduction and Western blot assays showed that ciclesonide can inhibit
replication of ZIKV. In addition, ciclesonide can also inhibit the replication of ZIKV in A549 cells; the results of
time of drug addition analysis indicated that ciclesonide mainly acts on the ZIKV RNA synthesis stage. Ciclesonide
can also inhibit the internalization of ZIKV. These results indicated that ciclesonide is a potential drug against ZIKV.
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€K% % (Zika virus, ZIKV) & — Rl 5 & i 4
T HEH RNAJR B, 1947 4F B IXAE S ik BB L T 1)
FER BRAR R IR IR I3 oy B AR B, 58 O B
(dengue virus, DENV). 7§ J& &' %% # (West Nile virus,
WNV). 3 #5% 5 (yellow fever virus, YFV) A1 H 7 i
# 9% 7 (Japanese encephalitis virus, JEV) % L [ &
B, ZIKV 22 8 T 300 5 £ (Flaviviridae) %
B (Flavivirus) 5B E 5% RNA 25, 32 ZE i
NP ALF . ZIKV G NAR 5, — IR I 9 o Rl IR 2
g HHA A BRE, D HUK G RIS IS
Ji 5 N2 i 98 S5 I PRAEIRBA . SR, 1 4 (i 98 R B
ZIKV &G 50 24 R G000 B AR, 9 s N B gy ]
SERE - R 241 (Guillain-Barré syndrome, GBS),
ZA Y G W] S UG LA RAE /N KW, 2016 4F 2
H, &REG R A H S A o B R E R A
AL TR, BIRIRE ARG, (HE A 2
0 N\ 5 AR E D), 55 38 T AH 208 1) 7R T I R T U
Uk P LG I 2 R X8, 2 0 A ZIKV () 32 2
LB R i 5 A SUR I, 7 BB ZIKV R
T ()98 AL B o

ZIKV HE R 41 4K 29 11 Kb, 95 14 FF ) i 4E
(open reading frame, ORF) Zwfid 1 /> % & A0, 15 &
MU 55 8 A MK BN B 2 RE BN TR 3 Fh 45 1y
T A, WA 5% (capsid, C). A X (pre-membrane, prM)
FIELIE (envelope, E) & A, LA K& 7 FPE45#) & E (non-
structural protein, NS), BJ NS1. NS2A. NS2B. NS3.
NS4A NSAB FI NS5, 45 14 £ [ 75973 B RUKLIE B 9
B g A Al AR HE N TE 40 M S AT R E EE A,
JES5 0 B S 5 R B ] RO R 1 3 f gk
S BRA, ZIKV I8 I R S AR A T A AR A EN
Y, 7 M R, B R R U 52 4R AXL . Tyro3.
DC-SIGN H1 TIM-1 45 41 g 3 1f 52 74 /v 5 JF (2 it 1
ZIKV BEN 15 40 H 0, T8 A 5 ZIKV BU0RL Y A A4
G, WK IR VER S il & 7 E R AR AE M AR
AT 175 5 E B AN N AR R AR I R A, T A58 e
PR ZH RNA B T80 58 41 i Joig 04291

R 251 (ciclesonide) A& — i € [E £ 5 24 i 4 B
J& (Food and Drug Administration, FDA) ki F -1l PR
(W N BLUWE B BUECER, R T R T NS D I
2 1 M 1, (H 58 45 S L FR R SR AEHU 15 05 1 I B AT
il . AT, AEE R RFBERA R EPZIKV
T 1 IR HAE HLHI AT TR, ISR

AP ZIKV 233 BB 2 U

MrE7EE

HEY ARF/MEHILIE TRk R 2
it KRBT LA R B TR (epigallocatechin gallate,
EGCG) W H g Ak EWFHECE R A7 . EWH
T 100% — ' 3 W AKX (dimethyl sulfoxide, DMSO) ',
PRI T 4°CHH.

MREFIFEE  Vero.A549.C6/36 Al Huh-7 %41 g
MR SEEG S AR A, A0 B 9R T 10% AR 2F LIS (fetal
bovine serum, FBS) ] DMEM (Dulbecco's modified
eagle medium) B¢ RPMI1640 (Roswell park memorial
institute medium 1640) 7. ZIKV W # SZ-WIV01G
(GenBank: KU963796, faj K SZ01) i i 3% 2 0T 7T Fr
gk Y% IF 7T R 8 . ZIKV AE I #k MR766 (GenBank:
LC002520) Hi & '] K 2% 7% il @l #4% H i . DENV-2
(dengue virus 2, GenBank: KM204118.1) [ [ 24 &}
e B S A IRIE S BT 0 o BT 9T 1 B

FERF B B #h 22 rh R 7K (phosphate
buffered saline, PBS, Thermo Fisher 2 &); %44 & 55 Jig
F#.SDS (sodium dodecyl sulfate) (Amresco A #)); 454
(b5t & 35 A H); MTT [3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2-H-tetrazolium bromide] (Sigma 2 &); DMF
(N,N-dimethyl formamine) (it Bl £k T % > 5 BR 2 #);
RNA $ Bk 71 £ Roche high pure viral RNA kit (Roche
oA, — Bk E &R 7 & RNA-direct™ Real-time
PCR Master Mix (TOYOBO A &); 514}z TagMan 4+
(Takara 2~ 7]); ZIKV E & H & (Sinobiological 2 7]);
GAPDH (glyceraldehyde-3-phosphate dehydrogenase)
ifk (b BNt A A]).

RETEMME  ZIKV K C6/36 H LU 4l
fi2~4 h, Y E RN 0.01. PBS Peifk bk 2507 2 ZIKV
T B3 UKL, 20 75 80% fl & FE T {8 FH & 3% FBS 1
RPMI1640 £ 77 3 55 77 5~7 Ko M EE40 M & 2E W %
AFIF, U AE4H A L5 W, 4 °C .1 500xg B0 10 min 22
YUMITE R o TR ERIRATT-80 °C 4% FH o 75 25 3 Ji 3 3o 1
BEVE I 58, v SR BE T % 5 AL T (plaque forming
unit per mL, PFU-mL?),

WEBENE S50 7S BRI, Vero 4 g £ 7 21 12
FLAR F % 95%~100% i~ £, H PBS ¥ 4 il 2 K .
ZIKV 5 DENV-2 (50 PFU) /& %% 2 h, PBS ¥ i 21 i 3
N L mL & A& YRR 97 2 (4% FBS DMEM)
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L mLIERERE IR A 5] . R 5E 2 )5, TR
BIE T 37 °CHFH 4 K. I 4% 2% FE P EEE € 15 min,
PBS Wi 3K, SR 5 N 0.8% 45 i 45 YL £ 10 min, IR
VRV IE T MR . K 5 O 2123 6 1T (Immunospot
S6 Universal) 4T BIG R &, JFTHEOme it . 2k Tk
) 00 B 5 ) ) B O ot 2, o B R BRSO FE (0%
effective concentration, EC.) -

EMEMEMNE KA MM 1 96 FLIR H IF 55
FRISH, IMAAFIRFE G 8 37 °CHE F7 46 i
H72hJE, AN 20 pl 5 mg-mL? MTT, 37 °C#¥ 5 4 h.
B& J5, n O\ 100 pL [ 12% SDS-50% DMF & W Jf 7£
37 °ChiE BB for 4 b W 5 VA )=, 8 ] EIx800
A BR AN B RO FE (A) 18, B 570 nm, ZELEK N
630 nm, i1 5P HO A E (50% cytotoxic concentra-
tion, CCq)-

SBT3 3k E 8 PCR K A il /1) & Roche high
pure viral RNA kit 2 Ui 8 F% ¥ RNA, Trizol i%£42
A0 9 1) RNA, H A SI2 568 BG4 R & v W .
FIJ I SE B % 't 5 & PCR (quantitative real-time poly-
merase chain reaction, qRT-PCR) il & %% 5 -3 i
B PR ZIKV RNA. ZIKV SZ01 (500 PFU) 7£37 °C
TG A 2 h, PBS Pk 3 IR BRiE B 2, SRS N
ANANER FE A A W), I8 DMSO FIA 86 G 1) 4 it
3 AR B PR B XS IR . B 72 h s, ORI b3
¥, f# Fil Roche high pure viral RNA kit $2 U5 2 RNA.
il F — 25723877 & RNA-direct™ Real-time PCR Master
Mix Fl TagMan £} 5& &4 I it 7 A 1 58 RNA

Western blot S236  Vero 41 g 8 F 7 12 LB H 5F:
B, 40PS ZIKV MR766 (500 PFU) 7 37 °CHi
B 2 h, 85NN DMSO BA [F] 94 B2 1) P4 38 5% 1l 4k 2 455
Fr & 48 h, FEIA A S B 5L SDS-PAGE (poly-
acrylamide gel electrophoresis) 43 25 s 8 (1 i, 5% #% 3
T — % £ J& (polyvinylidene fluoride, PVDF) fi I,
H5ZIKV EYifE—EIEE . HY KGR &I
S5 5, 4 F Tanon-5200 Multi Imaging System ic.
SKAE EPUAE T .

SETLE I Vero 4 f 422 Fh 7 24 FLAR H I 55
FRIL . 415 ZIKV SZ01 (multiplicity of infection,
MOI = 1) £ 4 °CH# & 1 h, 4 °CHA (1) PBS VL% 2 Ik
PAEBR AR A G R 0l E G5 (0.1.2.4.6 A
12 h) AR E, SR )5 0 HIAE 4.6 M 12 h it L AL &
o BHAERS B 40 N &5 & 1) DMSO, AR AL FH B i B
FERBIRFF R LA N . B 24 h 5, WAL
LB IO RNA, J8 i S 56 )% 8 PCR TR

WELES  Vero 4 f M8 12 LA I3 77T

o EABEAERRBEIEOLT, KA M4 RS
ZIKV SZ01 (MOl = 1) /£ 4 °Ci# & 1 h, EGCG A FH %
24N IR . YL 1 h 5, PBS ik i B s Ak Ak
G, WCE AN A FH T B S 1 SR 2 % 52 B PCR.

WEMNK  Vero 41 g 8 Fh 3 12 fLIK BB 7=
95%~100% V- 7, PBS ¥k 2 k. 45 ZIKV SZ01
(300 PFU) £ 4 °CH¥ & 1 ho PBS ¥y 4 2 ¥k, A
DMSO B 2R 54 37 °CHF A 1 ho PBS P41 2 X,
I H 300 pL #7455 BR 2% vh i (pH = 3.0) 43 1 min. F&
F KRR 22 v, ST B 5 B G 1 DMEM 15 97 3278 %
SHA, T BE B R DE I E

RS A SO0 2 RN & I B 48, 4%
Reed & Muench 71T 5 H AL G 1) ECso F1 CCqpe SLH
B4 A1E & 2548 B GraphPad Prism8 % {4 47 4 3, %
NN X £ s, ZHLTA] L3R b M tAR 36, P<0.05 #iA R
HERAEEGT R L.

ZER
1 REEEAF ZIKV T EE R RSR

W B N 7 20 S A 2R A4 (] LA) X ZIKV # S
Mo 45 RFR, IR SMAE ] ZIKV 2 Fh#Ekk SZ01
FIMR766 1) 4 2O EBK R (B1B.C). HEE
Xt ZIKV SZ01 ] EC, {7 (0.40 £ 0.22) umol-L*, %f
ZIKV MR766 ] EC4 {H v (1.59 + 1.08) umol-L*. £
43 {8 5% Vero 41 fitd f) CCqy N (64.70 + 7.33) pmol-L*
(K 1D). Jl il CCo/EC, v 5 th ¥ R AR 136 I $5 5L
(therapeutic index, TI) 4374 162 #141.
2 HREEAH ZIKV EH

NRE— P AR B ER ZIKV G M, S
SN 3O 8 B PCR AT I 1 A 3R 2= 4l b B S X ZIKV 2
H R . 25 RN, PR SR A DR & A 1 g XA
il ZIKV & il (K 2A). B 5, il Western blot 72 46 Il
THRFBEXT ZIKV EEHRIER M. 255 8K, b
FE IR Z IR B (88 0, ZIKV E 25 [ 0 2832 38 W gl 30
il (K 2B). RNA /KR KA 45 st — 2P 3k
BHIR 2R 2 1l B A 1B 35 1P ZIKV R G R I E o
3 RREAZEMHARMEEFH ZIKV S

Vicenti Z:U8I4fF 72 % B, ZIKV A 8 4 A549 Fll Huh7
Ui A R . P FR AR EETE Vero 41 i o A AT
P ZIKV 3 11, 90088 B8 2% 23 1 7 N R 48 A o i 4t
o B S TR, 0 SE R 2¢O € B PCR SESS, Wl 1R
ZEHEAE Huh-7 11 ABA9 4H g ()t ZIKV iEPE . 451 %
IR ZE EAE 50 pmol- LA I 25 H05] A549 4 i FF
ZIKV & il (KBl 3A). A& Z 48 (50 umol-L?) X} A549
S ) LA 220, T Huh-7 403 0 A 46 s i 2 1k .
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Figure 1  The inhibition of Zika virus (ZIKV) infection and cytotoxicity of ciclesonide. A: Structure of ciclesonide; B, C: The effect of

ciclesonide on plaque formation induced by ZIKV SZ01 (B) and MR766 (C) in \ero cells by plaque assay; D: Cytotoxicity of ciclesonide in

Vero cells by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay. n = 3, x + s. DMSO group: Virus infected

cells; Mock group: Non-infected cells
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Figure 2  Ciclesonide inhibits ZIKV replication. A: The effect of
ciclesonide on virus RNA yield of ZIKV SZ01 in Vero cells was
quantified by quantitative real-time polymerase chain reaction
(gRT-PCR); B: The effect of ciclesonide on protein E expression
of ZIKV MR766 in Vero cells was evaluated by Western blot. n =
3, X = s. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase

IR RS T W R SR, A b #EE H 2
5T W Bz I BT 3R PR TR, A 3 36 3 B VA T
T TE TR R T R HON R A ZE K A (dexa-
methasone) Xf ZIKV FIHIHIER . 253 EoR, HiZE K
T 2 XF ZIKV SZ01 ik /& MR766 ¥ 4 2 3L H B & 11
PUw AR M (13B), R R R W] e 2 R
EWEREIURBIER M. 46, R TR RFEN
S5 R R AT 1o 45 48 (budesonide) XF ZIKV MR766 [1]
AR, 25 5 7R A b 53 8 DL SR &40 3t 1 40 )
ZIKV MR766 [ & il (B 3C), #& 7~ IF 2% 73 1l FAT b 7
TR REAEEE — M RO &R
4 MEREEIH ZIKV 4 & E AR RNA & B ER

FE B8 B IR g B (0 A JE g #E L 0~2 h Ry

iGN B, 2~6 h AR E R RN B, 6~12h N
RNA & il B, 12 h LLJG A7 DU I 21748995 25 2 2 A
BRSO, Sy fiff 8 1T RE 52 Fh R AR B R WA ¥ ZIKV A
JEART B, HEAT T e B 45 255000 (K 4A). SR BOR,
7E ZIKV G2 J5 6 h, BT 50 pmol- L™ 328 45 1l v i 3%
] ZIKV 724 (K14B), RIAM R S8 L EAEH T
I 5 RNA & R B o
5 REZEAH ZIKV AL

Rk — 3 ) W 3R 2R AR A 15 S 1 ) 45 A A
b, B SR T IR R AR RN B A5 A TE 4 R s .
45 7R, 100 pmol-L ™ EGCG (B A1 ZIKV 45 &4
71, B 5A) Al ZIKV 3 Ab 3 4 54V ZIKV AL B4 2 |A]
WS H ZIKV RNA [ 3235 7 57, 1X 5 SOk #oE — 202y,
1M 50 umol-L™* 3 &% 45 {8 Fil ZIKV 3 &b 2 41 5 X H
ZIKV 4b B 2H 2 18] oK W %2 31 ZIKV RNA [ 5 35 2 7
(K15B). ixEezb B IHINR ZEEAT I ZIKV 515 &
il AR

T I 70 32 B S0 W] 0 1) ZIKV [ 9 4622, 2 i
BT, RO T R SRR R AR . S5 AN
e ZIKV (R0 B A EE, 50 pmol L3R 2R 23 48 A8 i 101 1) £
90% M B 1) 7 i (Il 5C), 3 B 3K 2R 43 1l R 65 Hl |
ZIKV I 1L
6 IFEEEHIF DENV-2HIEF

DENV M ZIKV [F]J& T #0575 8, H G E Rk
AL AL, DRI AGH I T 24 28 ZR 48 (1 470 DENV2 % 1 .
W 5 P 2R A AR P ) T v, G AT 1) T S T A 1),
A% DENV2 [1] ECy, 15 v (1.52 £ 0.62) pmol-L™,
TR B E M A0 40 DENV2 1) 2 ) (#]6).
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Figure 3 Ciclesonide inhibits ZIKV infection in different cell types. A: The effect of ciclesonide on the virus production of A549 and Huh-
7 cells infected with ZIKV SZ01 was quantified by gRT-PCR; B, C: The effect of dexamethasone (B) or budesonide (C) on plaques induced
by ZIKV SZ01 or MR766 in Vero cells was detected by plaque assay. n = 3, X £s. "P<0.05, “P<0.01, “*P<0.0001 vs DMSO group
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Figure 4 Ciclesonide mainly acts on the inhibition of the ZIKV
SZ01 RNA synthesis stage. A: Schematic diagram of time of drug
addition assay; B: The detection of the action stage of ciclesonide
in Vero cells using time of drug addition assay was quantified by
gRT-PCR. Each group was compared with DMSO. hpi: Hours post-
infection
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Figure 5 The effect of ciclesonide on viral binding and internal-
ization. A: Structure of the epigallocatechin gallate (EGCG); B:
The effect of ciclesonide on binding to the host cells (Vero cells)
which infected with ZIKV SZ01 was quantified by qRT-PCR; C:
The effect of ciclesonide on internalization of ZIKV SZ01 in Vero
cells was detected by plaque assay. n = 3, X + s. n-s: The difference
is not statistically significant; ""P<0.01, ""P<0.001
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Figure 6 The effect of ciclesonide on the infection of dengue
virus 2 (DENV?2) in Vero cells was detected by plaque assay
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T I ek D 7 A RN ZIKV AR AR ) 2R 0 B 2 0 )
ZIKV &G . G4, P02 48 1 4 A mT 4 1) A [R] 40 i &
HH ZIKV IS . H AT, TR B2 Rl 0 5 45 A
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iVEY/REIN 1 N TR S N 2 1 S N
PUZIKV 3G HEALE, 73 I 25 24 5206 45 R B R IR 58 1
FEANH] ZIKV RNA & R B 18 gk — 81T 58 K0,
R R EATZI0 ZIKV 45 G150 N Ak, 5 TE 4R AL )
T FEdE— D0 L. BeAb, I 25V 2 Bt ZIKV 24 it
R R | SV I 1) T, IR R SR AT ZIKV i 24 5%
AR RIS A A T IR

Z e ZIKV 15 3016 L™ 5 1 /0 Sk e
UERH I ZIKV 28 B R B A i T I E ZE H AR R
PRZE AR, B0 EA e RRE RS (AN, 7T B 2>
X ai THUZIKV 254 5 oA O %0 10 50 480 75 AN A,
ZIKV 36w il i o B A AR R S AR AL R, (A GE
(152, R ZIKV /] G ik i 4 15 i E AL 1%, (H 54
R0 B AT AT G LT B et v] B 2 0 B
HBREERETIMRIL. Bk, & T R N\ B
(3 259 52 B3 11 ZIKV %o 2 A Ak R Jek i S 5 110 B 2 4
. MRFMEZ P2 B 25, HolE
PRz AR O N, BRItk e A ml e TR 97 A 22 A A
B ARG o R R BN IS BT R AR N SR KPP A PR R
FEAEST ZIKV 5] I 5 R B R R LI T 1 AR 4 3%
FARE EL . ME3E Z BT 8 6 IR R A 1) Ak Py SE 36 HEAT
SEHIPH AT, WAL T /N R, H TR R AR

I R 23 265 75 SRR LU W20 24, 45 24505 AT
LR . 3ok, AR RAEARIE IR, DUIREYHI R
BAR (A 1%), i lhk 25 245 K RE 2R 7 HL REVA R 58 4
(I, MR 25 25 IO DU 25 14 3 25 308 R AR AR

23 LIk, MR ERA BETIZIKYV
Wk, LRI 2D AT TT R IR 2 AR A AL 17 95 55 RNA & R
BB RE N AL o AT FEORIR AT TR R A8 RS
B R R RR R DL WP A 2O ZIKV Bl i 251 B2 5E
gD

1 TIRR: W BISCANE DS 11 T S8 7 58 St e S50 it
RARBEEL, PR F5 75 AR B A0 5048 T SO0 4R M 9 5t
FHBESCRE; A8 B AR 7K 9 5T S0 B ih MR &, DL 7T
LW FF.
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