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Abstract

Objective: In order to clarify the role of glycogen synthase kinase-38 (GSK-3f) in the process of in-
fluenza virus infection. Methods: We preformed the RNAi to knock down the GSK-3f gene expres-
sion, then we determined the virus titers in the A549 cell supernatants by performing TCID 50 as-
say, and examined the influence of GSK-3p to cell viabilities of the infected cells as well as the in-
fluenza virus-induced A549 cell apoptosis using CCK-8 Kit and Caspase-Glo 3/7 Kit. Results: The
results demonstrated that down-regulation of GSK3 expression decreased the viral titers in the
A549 cells supernatants. Down-regulation of GSK-3 expression decreased the A549 cell viability,
at the same time, increased the influenza virus induced cell apoptosis. Conclusion: Hence, GSK-38
negatively regulated the influenza virus-induced host cell apoptosis, and it was essential for the
efficient replication of influenza virus.
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RIEKEE, FTCID50¥EN EAS4940 i _B3F F TR BRR R, 548 CCK-840 Mg A Al A A & A
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1. 3]

B TR A PR -3 (G SK-3) A& TE M LA W4 e 3 o 3R TA 11 22 B R 5 S R U g [ 1] [2] - HLR GSK-3 2 Al
SR ATl R A W 55 RS A 7 SEL L8 T 1 e R IR, AELRE AR R R LB AT AR R A 22 1 50 FRURA, X 8 A%
ZEDES GSK-3 25 TRZ M FE[3]. X F4uifET- s, GSK-3 RILHPHE M, GSK-3
AT LA E 2R PR IR AR AN T 0 IR QI AE U5 5% 5, X T A0 T2 A SR AME R T A5 S5 46 5
A NHI[4]. AW T GSK-38 Ko F RIS B2 ABAQ 4 i rh 42 fh] (1) 2 Wi A K% B 76 T B i IR i &
(R 7E E A0 AR T AR

2. MM5EFHE
2.1. #H

2.1.1. HHEEHRFNHE
A549 (il i b Bz i) A == AR A7 s MDCK (B 4 ) Ay w2 2Rk 2 e 9 JiR BT Ak A5 A7 5 0 2
4, FHkA Influenza A virus A/Puerto Rico/8/34 (HIN1).

2.1.2. EERFFLEF

LS IR DMEM, Jf 25 I A B A% 85 ek 55 Lipofectamine 2000 I E Invitrogen /A #]; CCK-8 4
i 28 B IR S E [ Ak 2% Caspase-Glo 3/7 4l A T #5357 & W H Promega A ) Zig S E A
SRR &I B 2= R AV E AT 7T NC JEIE B Millipore 24 7] ; GSK-34 #. 7w B HTA I E Cell Signaling
Technology /A #l; VEIREE NP BLEEHIAIN E Millipore Aw]: —HiIEH b 5ih S AEMHE ARG R A
Al; ECL HBUR IR A Thermo AR P i WK A4 Kodak 2717 s 2% 44kt DAPI I H Sigma
] 51 E 5O WA TE2000-S 2 Nikon 2 5] 7 it s BEARAX; SIRNA i 5 B il 25 5K A IR A =) 5 1
FHR: FAYEXHE, UUCUCCGAACGUGUCACGUTT: GSK-38, GUAAUCCACCUCUGGCUACTT.

22. A%

22.1. REBRS
A549 4l ffifE Ff DMEM ¥53R%E 37 CH: 77, M5 1% 1.3 £, fF4IMiC & £ 2 70%~80%FT, PBS
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DRI 3 U0, i A3 53 SR B BV F235 5000 mo.i = 5.37°C T AL BRI AR H B 1 /1N
FE W, PBS BElk 3 WK, HORTR4ERRRUG BT R BRE TR A 37 CAkLLE IR

2.2.2. GSK-3p EETEA

¥ AS49 i fif % FE 5000 NEEFLIK S L4 96 FLAR, 37°Cid s gE, 1% 4EFL S5pmol siRNA £ 0.25 ul
BIR B A AT R G, B0 B IRALFNSEIG 20 %% 3 A PAT 4L, #1E1% I Lipofectamine 2000 1581 45, 7E#%

Q)5 48 /NI BEAT 1R RE A SE I

2.2.3. {ARRIEHERETL

YL J5 AN AT [B] 1) AB49 28 PBS Piidkfa H 4% 2 5 Wl =515 i€ 15 73r4%P, 0.1% Triton X-100 i%E [ 20
38, PBS Bk 3K, 1%BSA ZiREf M 1 /N, IIA#Z 1:500 #okT- PBS H UL Ei 2 NP 2 [ F e[
ik, 4CTHRAETHELIR. PBS ik 3 K, MIATE 1:100 Fk 12 FHAFRC AP/ 196G Pilk, =
EEE 2 /N, PBS Wik 3k, DAPI Yt )5 B T3 8 9% 6 i F gL,

2.2.4. HREESRGNE

¥ A549 21 A 96 FLER, 24 /NS EE YL BT IR SIRNA, GSK-3f siRNA, 48 /N5 BA m.o.i = 5 &
BB R . B 24 /NI S, BEFLIIN 10ul CCK-8 iR7, N S bBRK: F- 48 37T CHLUE 2 /M.
HUH 96 FLAR, {3 FH ARG 5E 450 nm AbM g £ o

2.2.5. AT AR

¥ AS49 2 96 FLER, 24 /NEF 5 EE YL BT IR SIRNA, GSK-34 siRNA, 48 /N5 BA m.o.i = 5 &
P B BE . YL 24 /NI JEHUH, AR PR 2 % IR 5 LN N 100 wl Caspase-Glo 3/7 17, {38 FH ¢ ik
BRHLIE 562 nm IR ISR .

2.2.6. SDS-PAGE 5& R/ EEN T

PR BRI 5 — e I AR 1 AS49 4T A AR R R 2R A, BRI 10, B R (IR IE S, in 5%
RO REA Y, ML LSRR AN, 4T SDS RNMEIEIE K, 12%5 B IRA 5% ZE K,
80V Hi¥k 120 434k 5 K BE A48 2 NC K, =R 3 2 /N, 43 BN — 30, FBe Z 4n F : GSK-34 (1:1000)
GAPDH (1:10,000), 4°CZZEHshid Wi E » BRI A LBEbR i —PUMi BN 1:5000, =iRIFH 2 /MG
NN ECL E¥ FRE =R IEA . ¥R
2.2.7. REHENE

JRYLTRBIR 75 24 /NI ABA9 4R EIEWR, B 100 pl 45 H4E T 96 LA MDCK 4 g i 5 4H 25 21 %
JXYL 5 (TCID 50), #RJaiH SR IE .

3. &R
3.1. FEFREE A540 HparhiyEH)

i B R DATE N i fes b 57 200 Pt b v 5 ), FRATT R R B 2 PR8 #E LA m.o.i = 5 & AB49
AHAf,  FE YL I AN IR 0] 3R AT TR 422 G2 ¢ Y SRS VT JoR 7 O A% 2 1 R I L B B2 7E. AB49 4l N
FIEHIEE . w0 1 FR, AT ARG BB, GBIk T 3 /N E,  ui Py B BLRE 21K NP &
HEL, NP AN EL &G [mi2ur ETE, JF B B g sz 2 S gy, Bige 24 /Net)E, JL
A UM I B o BRATTAE 8 /NI, 12 /NIFRT 24 /NIF A AS49 4 i B R TR EE, & 2 B,
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Figure 1. Indirect immunofluorescent of influenza virus NP
protein (20 x 10)
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Figure 2. Viral titers at various time points after infection

Bl 2. BRERBHEFARERRESEE

3.2. GSK-3p EEITER MR

T BGUEFE T ER AR AT GSK-38 HIPuiskaill 7 B AFRIEAKT, Wl 3 fias, #9T GSK-38
SIRNA FIZHPRARNS T84 7 JIExT IR siRNA 9 A549 41, GSK-3f %A /KF#]E FiH. Bandscan 5.0
KRR R EoR, YT GSK-38siRNA J&, GSK-38 (k& T X IE 1) 60% 24 A (14 3).
3.3. GSK-3f X} fi R m BigE R

N T HE S GSK-3p Xt T I B B A W AR, AT s TR YL B M 6 B SIRNA 21 A e
GSK-3psiRNA 2l A549 4l ffl B 4t R 75 )5 24 /N 40 B b3 TR o 283 5, i 4 B, Bt iR 4
() 24 /INHSF 2 = 375 o f 95 2 30 B B 42 7 T GSK-38 BE e o
3.4. GSK-3p X7t i B REAY AS49 4RRRTE RIS

AL HIMEXT IR SIRNA F1 GSK-3p siRNA 48 /NI J5 1] A549 Zfiffi L m.o.i = 5 /& YL int B 28, 24 /DTS
M 5E ASA49 AN E 17 o 75 YL B 75 24 /NI, GSK-38 1A N A549 41y 7101 AR T 4%
Y5 HE SIRNA ) A549 4 ffl (1 5).
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Figure 3. The expression levels of GSK-34, GAPDH
as a loading control
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Figure 4. The influenza virus titers of A549 cell supernatants at 24
hours ("P < 0.05)

[ 4. 24 NEHEBBE A549 4R L SE AR R EEEE (P < 0.05)

140.00% *

120.00%-1

100.00%-

Cell Viability

80.00%-

60.00%

40.00%

20.00%-

0.00%-

PR8+ PR8+

Negative Control siRNA GSK-3[ siRNA

Figure 5. The influence of GSK-34 on cell viability (‘P < 0.05)
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Figure 6. The regulation of influenza virus induced apoptosis by GSK-34 ("P < 0.01)
6. GSK-34 4 Bk B 1% SHMAATRIIET (P < 0.01)

3.5. GSK-3p ¥R B RHIFFHNEEMEATHIN

PR 5, RO R T DS g A A I B T FRATIE ] Caspase-Glo 3/7 8 T4l 7
BB BB FE e ABAQ AL T IE L. W] 6 BT, TEVIER BRI 12 /NIFRD 24 /N (1) AB49
Y, GSK-34 siRNA B 4Lsl] 5 B PE XTI siRNA S5 Y4l A EL, A4 4 T /K F- T .

4. 71ig

SRR T R 4 AR FEPEE T (Programmed Cell Death), 2 2 ffd 5 el 24 it 457 £ BR0G 75 JBS Gu 2 4 L
I A N IR o E SR B3 B YL 2 M B, 40 A DRI 1 R AR Jo e o 2 1) S i 2 LA 3
PR EE S H . GSK-38 X T4 T b & 4%, X T DNA $iffi. PWRINE 1. AR
PR A A DR 2 R PR 240 M 9 T (e iV 5] [6] [7] [8] [9], It T+ Eh AR SR SE A - A BB T 32 A 5
(IR T )2 B IR FI [10]0 GSK-3 38 BT LA T — L6 23 5 ) T 4% ) ) e S DR - RO 28 IR 7 O R /KF 9
DL 2 5 20 B T i 428 [9] [11] [12] [13]

PERTA 0T TR IE GSK-3p 75 LB F B e i F2 B IR b K P3G N [14]. SN T WA GSK-3p 71 it B
G FE AT AMER, FRATR A RNA THE ARG 1A GSK-38 HIZRIEIEAT R, & A H i Bl
GSK-3p HIFRIE T PN AL 60% 7545 FRATRIL GSK-34 FE IR R T 1 FAAK T Vit /B s 25 B YL 1) AB49
A3 R B R, 38 GSK-34 TEVBR S 7E AS49 A m i S dl i FE bR B T AR . R
BAVRI GSK-3B 1FRIE T IHFFAK T 75 R4S 71; GSK-3p FKI& N AL Caspase 3/7 & 1145 R 75 3=
AT AR . 5A 0, BRI A BARR GSK-38 25 1 i BOR TR S 18 T4 T
W, AR TTREIZ 2013 o 400 S 7 S A 2 1 95 T T g I SR 7 4 4 IR P ) A A AT B AR A 46
R B A T RS S R R K T GSK-3B ML T2 08 PA K 3% — 280 S LA 2 48 b W 43 1 Bl K
SCHLE, WA RSP AT . FE s TR B R o 1) SR 2 A B T S AH LR K B B 1 B YA
FRALFIM LR .

5. &ig

1) f#JH Caspase-Glo 3/7 i T AP &, AR GSK-34 ik I wJ LAY S [ B3 4
AT
2) GSK-3f [131& T Y i B T AT/ R L FX) R B, i W] GSK-38 R AL/ 7 A B2 h A4 S A 1
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