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Susceptibility of human lung adenocarcinoma cell line A549 to tick-borne encephalitis virus
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[ Abstract | Objective To study the culture characteristics of tick-borne encephalitis virus (TBEV) in susceptible
cells and identify the RNA replication, protein expression and infectivity. Methods The TBEV was cultured using African
green monkey kidney cells (Vero cells). The RNA replication of TBEV was detected by quantitative polymerase chain reaction,
the expression of flavivirus envelope protein was detected by Western blotting, and the titer of TBEV was detected by plaque
assay. The human lung adenocarcinoma cells (A549 cells) was infected with TBEV, and the cytopathic effect of A549 cells
infected with TBEV was observed under microscope. The expression of flavivirus envelope protein in A549 and Vero cells
infected with TBEV was detected by immunofluorescence staining. Results The levels of TBEV RNA were increased in
Vero cells at 72 h incubation compared with those at 48 h incubation, and the expression of flavivirus envelope protein was
detectable. The results of plaque assay showed that the TBEV fiter in the supernatant of Vero cells was (2.0= 1.4) X 10° plaque-
forming unit (PFU)/mL after culturing for 72 h. There was obvious cytopathic effect in A549 cells with TBEV infection. The
positive rate of flavivirus envelope protein expression in A549 cells (61.0%) was higher than that in Vero cells (9.3%) after
infection with 1 : 1 000-diluted TBEV. Compared with Vero cells, the titer in the supernatant of A549 cells infected with TBEV
for 48 h was significantly higher ( [2.0+0.4 ] X 10’ PFU/mL vs [8.5%+2.1] X 10° PFU/mL, P<<0.05). Conclusion Vero
cells can be used to culture TBEV, and A549 cells are more susceptible to TBEV.
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15 45 fixi 98 5 B (tick-borne encephalitis virus,
TBEV ) & — Pt i 1% 16t - 00T e 1% % 1) sl 1
7, WHRERMNK R FE ( forest encephalitis virus )
R SRPE TS W i R s SRR . TBEV Jgkije
SRUP LR GE, 5RO R, AT
PEA R ANEE B, BIERA 12%~40% . i
R8T BRAT TN . R FARREE > . 7,
WEARERN 96 B A T A AL RGBS X, VU ek Fll 2= P
WA 5 AEREIEA S WA A ) PR e S 21y
PEWRATC L R MR I PR IG T B 2 m Ak

LS HHT TBEV 259,

TBEV J& T WP e 8 )m, ANxE HAD AL
RUNGERIRE, BN, SHUGE. HEP R
. LSRR ST B A R BRI
K. TBEV A fAY IEAE ABE RNA G, Jrrdt
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RIBIA G, T4 A TBEV S0 1 fx ™ 5 A 4l
ST AR RN S8 A7 AR ) R R NEOTE R,
— ek [ AR IR M S AR R A . AR B TES
%X TBEV 7 5 B 20 M HP 1) 15 5= 15 B 2 28 05 25 19
RNA &l . & RFA Y, AP TBEV 254
TR P AL 3 ) 20 RS R il 77 vk

1 #EFFE

1.1 = &## DMEM, FBS., EDTA., & 1
fiff . TRIzol k7] ( 32[H Invitrogen AF] ) , M-MLV
5% ST . IR AR T BRI A W . Eastep”
qPCR FUR M I & (36 Promega A ] ) , BAL
1%, TBEVAELSHE A 1 514 (Jbaisfe it
IR e A BR A ] ), B a5 A R AR 11 B o
BEHIR 4G2 (£ [H Sigma-Aldrich 2 &) ) , B- JL3h
HEHARZ I EPUAR (32 Cell Signaling Technology
Al ), HRP ARG LA sl B IgG . ECL fh2%
K6 (36 Bio-Rad A F] ) , Alexa Fluor® 488 111
FHiH IgG. DAPLE [ (% [E Abcam A H] )

FMEHEH (LE Affymetrix A F] ), 4% 2 H
H R R (bt B B AE R AR IR THEAF] ) .
NI i A ML AS49 FIRE ¥ 40 PK-15 &2 BRS¢
BEhh B2 2 B AR W) R 58 BB, TBEV
Ko AR YN 23465 15 40 B Vero R 245 E K2 (45—

R ) W H S R Y2 B  BOT = R AT

12 a3z A549, PK-15. Vero 40 s 44 % F
7 10% FBS. 1% 2B . 1% S8H K. 1% 5%
Z I DMEM (2R3 ) 7537 'C. 5% CO, Ki
FAE RS, FHE EDTA OB FBEE LA i, %
AlA IR H] 95% LA A An i e T AL %

1.3 AR & B RSN Vero 41 i Fh T
T75 YHALIG T, AAERLS B 90% I 7% 5%
3, ¥ 1 mL TBEV F1 5 mL 582355 M EIR A G
INAZHREEE SN, & 37 CHFRAET I 2 h, JE
R8N 2 W 2 h )5 FEEFRIEAAMIN 12 mL 58
SRR, GRELGFRIT AT . R TR T
WEL MR AE RN 5 5597 72 h e f 55 IR 0 85 57
LT 15 mL B0, 1010Xg B0 10 min, U5
. BERNEE, —80 CUKFEN 74 H .

14 Zp5%  XFT Vero 40555519 TBEV, fif
FHHIAE PK-15 400 2 B0 e R s . a5 B
SEOGHERVE SRS [ 7] I Yokt . PK-15 i L
Pl 12 FLEEFRAR, AR A BEEEE 100% B 755
55 eI 10 5 R BN, TR
FRILMRE TR N B AL AFR B FE 1 mL, WL
3 hE W FHRRER, FEFLINA 2% SR H SE4- 4 R
T 3 mL, }5FR 6 dIEWHE T BALIMA 4%
LRI 600 uL, FiREE 15 min J5 ] F;
BALIIA 1% 25 & 52 04 600 pL, J4f4 15 min J5
W 7v; BRI ERUK T A, BT A WAt
BN TE S B, K Reed-Muench #1154 a5 BT 1L
A7 ( plaque-forming unit, PFU) , A PFU/mL %
TN BRI

1.5 TBEV R F@mie 1 A549 JHHu4EFN T 12 1L
B3 MR, HFEii . TBEV YL 4 i )y =L —. 44
JfL Rl G B 2T 100% B, el R FRIE; REfLm
ASERR AR BE UK 1 mL, i TE R S 2L
( multiplicity of infection, MOI) 24 0.1, Jrzl":
WS FLINRE RS, BELIARR BN 7T 200 pL,
MOI % 0.1, T 37 CUt[ff 2 h [5G s ik, 598
FEVEB L R INASE R e (4L 1 mL) .
Py IGBEAR YR T AT IR . 557 48 h A,
15 FH 2] & 308 ( H AR Olympus 23 7] ) WEL 41 fif
1.6 %IEREAXFEEH  AS549. Vero AUMiIEM T 48 fL
iR, BEFRAE, ANMIRLG LY 90% B 5 5
I, BHLMASE &R IR IR TBEV 300 pL (43
SHE 1 £ 1000, 1 : 100 000 AR RE ) , Ay



. 480 -

WETESREFR 2022465 H L, 5543 4%
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i R B0 T AR AR 1 SR e R pTR (R LU B3Ry
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WFEHTEL IgG (RBELBIN 1 0 1 .000) #EOGREE
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45 min, {4 F S AHALBASR B 7B 2 46 ( BioTek
Cytation 5 Imaging Reader, 3£ [ BioTek /A A ) W
L, SrHTiR AL AR AR O

1.7 9AFqPCR 5% Vero il RNA RE AL |
RNA MRBEERIIN | S s S ES IESCik [8] o DA
cDNA HH#z, fdi F Eastep” qPCR il iR Wi 7] 42,
% JH Rotor-Gene 3000 % PCR 1% (K H] 3 Corbett
ANED) Y E R, TBEV RAESSHISE M 1 518
FEo WSCHK [9] o

1.8 FHQRAPiE k%% Vero 0 8 TR
(A B . FL DK B H B S S I B 2 BRSOk (8]
FHL UK S L RS2 35 {8 FH Bio-Rad Mini . —Hi

24

o 110 88 7 E B AR 11 B s BB AR (s R LL 131 oy
1 1000) F1B-PlahiE A2 wbEbiik (Rt
Bl 1+ 1000) , —40H HRP FricFHi sk s
IgG (FRBELLBIFI R 1 0 2000) o R A ECL
e, AR 2O gAY (95 GeneGnome
o)) A, BT R AR R R E O

1.9 %it5$ 42 )i GraphPad Prism 5.0 # 4t
TEAE T FFEIERSRITHE R x5 %
7N, TR EEE FE L] LU R Student ¢ K55, K50
JKHE Ca) 2 0.05,

2 % R

2.1 Vero tafiL st 4% A T34~ TBEV  qPCR K4k
7R, EJC TBEV W& BIXT IR Vero 41/faH, TBEV [
L E A 1 IR FER Y Hh 4 ; TBEV & 1)
Vero ZEf R B G M2k, IF HEE 72 h A3
AT IS R B & 48 h BRI, DGt (A A
(EA) o FEERELERMZE R B R, 7EX0T I Vero
20 if P A DL B R AL AR (1 3R 3K, TiE TBEV IR &
72 h AR A B AL AR I ERGA (B 1B) .
2 PESLEG 45 R R, {E TBEV W Vero ZHifl 72 h (1
15 5% 5L o B B O (20£1.4) X 10° PFU/ML.
REE IR, Vero AfIRENZ T TBEV K55,

TBEV 72 h

2.3+ | . Control TBEV Mr(X 103)

22} T '
[ —
% 2.1} 50-75
§ 2.0
19| TBEV 48 h
=8t

| r/;:/_\‘/f/ B-actin 45

1.6 /‘*.T.‘v-’?

15k Control 72 h

0:|: 1 1 1 1 1 1 1 A B
1 5 10 15 20 25 30 35 40
Cycle

El 1 Vero ZHfE1Z5F TBEV K RNA EHIfMEFFAREEARIL
Fig1 RNA replication and flavivirus envelope protein expression of TBEV in Vero cells incubated with TBEV
A: TBEV RNA levels in Vero cells incubated with TBEV for 48 h and 72 h or without TBEV (control) detected by real time
quantitative polymerase chain reaction; B: TBEV envelope protein (TBEV E) expression in Vero cells incubated with TBEV for 72 h
or without TBEV (control) detected by Western blotting. TBEV: Tick-borne encephalitis virus.

22 TBEV &% 55 AS49 tmfeym % Wik 2A
7%, TBEV A YL AS49 20 I 25 0F %, Sl 15
FiMALIE; TBEV YL 48 h 19 A549 il ifd 30 0 5
YRR AR RN, I MRS A . AR IR, 4 A] B
R, B Y% . TBEV 8 2 h )5 W Fk

BRIV, ARZLLUBTiEEE IR ARG R 48 h (1) AS49 i i
AW AN IR A RN, 1JC TBEV 5 & B9 % A4 40
MNESIER (K 2B) o X—45 87w, Vero 41
Mu3% 5517 TBEV HA w5y B L 1, AS49 4 it X) H
Sylgk, 2 PG 8] 5 | K A0 AR R
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Without TBEV (control) TBEV

2 TBEV B/ A549 YRR AARR ISR (100X)

Without TBEV (control) TBEV

Fig2 Cytopathic effect of A549 cells after TBEYV infection (100 X)
A: A549 cells were incubated with or without TBEV for 48 h; B: A549 cells were incubated with or without TBEV for 2 h and

continued to be cultured with fresh medium for 48 h after discarding the viral fluid. TBEV: Tick-borne encephalitis virus.

2.3 TBEV B %49 A549 F Vero 28 it P 3 % 7 6L
BO R BRI IKT WK 3 PR, fEARRG
TBEV [ A549 4ifh AR, WifE 1 @ 1000
Fii B TBEV J& e ) A549 F1 Vero 4 Jifg vp 25 7] UL BH
PG o——8 s (EIRER) o &5,

7E 1 : 1000 B TBEV L (1) A549 4 fifd o i 5
B H RIS 1 FHPE R 61.0%, TIAE Vero 4
MorR BHPE AN R 9.3%; 761 = 100 000 7Bt TBEV
JE YL 1) AS49 21 it v v 9 7 A AR 1 2R A 1 B

TBEV E
Without TBEV (control) .
: .

TBEV E

- .

DAPI

K 43.0%, TE Vero 20 i H o K6 0 51 #5 5 27 £
EHERE, FRLELR LR, TBEV EY A549
YL 48 h G IR B R BRI FE O (2.0£0.4)
X 10" PFU/mL, & T Vero 40 il 5% 37 5& v 44 455 75 1
FE[ (85+2.1) X10° PFUmML] , ZHA% i ¢%E
M (P<0.05) . FiRZEHRE], TBEV 7E A549 2
i P A 384 5 7K P-4 Vero AL, AS49 4 mT
PUgvs w25 Y I eI 0 20 AR R

3 TBEV B A549 0 Vero HAEHEHFEGREELAIRIZE (100X)
Fig3 Expression of flavivirus envelope protein in TBEV-infected A549 and Vero cells (100 X)
A: A549 cells; B: Vero cells. The cells with or without TBEV infection at 1 : 1 000 dilution for 48 h were stained with flavivirus
envelope protein-specific antibody and DAPI, and the TBEV envelope protein (TBEV E) (green) and cell nuclei (blue) were detected

by indirect immunofluorescence staining. TBEV: Tick-borne encephalitis virus; DAPI: 4’,6-diamidino-2-phenylindole.
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