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Baicalin suppresses type 2 dengue virus-induced autophagy of human umbilical vein

endothelial cells by inhibiting the PI3K/AKT pathway
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Abstract: Objective To investigate the effect of type 2 dengue virus (DENV-2) infection on autophagy in human umbilical vein
endothelial cells (HUVECs) and the mechanism mediating the inhibitory effect of baicalin against DENV-2 infection. Methods
Cultured HUVECs with DENV-2 infection were treated with different concentrations of baicalin, and the changes in autophagy
of the cells were detected using transmission electron microscopy. Lyso Tracker Red staining was used to examine pH changes
in the lysosomes of the cells, and the expressions of ATG5, beclin-1, LC3, P62, STX17, SNAP29, VAMPS, and PI3K/AKT
signaling pathway-related proteins were detected by Western blotting. DENV-2 replication in the cells were evaluated using RT-
qPCR. The differentially expressed proteins in DENV-2-infected HUVECs were identified by proteomics screening. Results
Treatment with baicalin did not significantly affect the viability of cultured HUVECs. Proteomic studies suggested that the
PIBK-AKT pathway played an important role in mediating cell injury induced by DENV-2 infection. The results of RT-qPCR
demonstrated that baicalin dose-dependently inhibited DENV-2 replication in HUVECs and produced the strongest inhibitory
effect at the concentration of 50 pug/mL. Transmission electron microscopy, Lyso Tracker Red staining, RT-qPCR, and Western
blotting all showed significant inhibitory effect of baicalin on DENV-2-induced autophagy in HUVECs. DENV-2 infection of
HUVECs caused increased cellular expressions of LC3 and P62 proteins, which were significantly lowered by treatment with
LY294002 (a PI3K inhibitor). Conclusion Baicalin inhibits DENV-2 replication in HUVECs and suppresses DENV-2-induced cell
autophagy by inhibiting the PI3K/AKT signaling pathway.
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ECGS+88% ECM 3% 57 58 ) Fl 1640 56 4= 15 57 % (10%
FBS+1% PS+89% 1640 X557 %L) ,jit A 37 "CHI128 C,
5% CO, 557, FrdiffiA:+ 2 90% @A FERT I AGE &=
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Control
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Fig.1 Pathological changes of C6/36 cells infected by DENV-2 (Original magnification: x100). A:
Blank control cells. B: DENV-2-infected cells.
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Tab.1 Virulence of DENV-2 virus at different titers in C6/36 cells

Total number

Dilution of virus solution Number of CPE occurrences No CPE count % of CPE holes present

Number of CPE holes No CPE count

107 8 0 34 0 100
10* 8 0 26 0 100
107 8 0 18 0 100
10° 8 0 10 2 100
107 2 6 2 6 25
10°* 0 8 0 14 0
10° 0 8 0 22 0
107 0 8 0 30 0
B 25 u Control o
A #DENV-2
DENV-2 - T 20
£2
2 2 2
— 200 ZE s
a.comn
Q
LC3II 16000 .=z
$3 05
& .
GAPDH 36 000 0.0
' 12 24 36 48
Infection time (h)
C 16, u Control
o 14 #DENV-2
g S 12l * . s
13 &2 DENV-2 @ HUVECs RI{Z#H4HAf 5 15
gE Fig.2 Western blots (A) and quantitative analysis (B-
5 % C) of protein expressions of LC3 and P62 in
o
B g HUVECs infected by DENV-2. *P<0.05, **P<0.01 vs
é L Control group.

12 24 36 48
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B R T e Tt &

{81 B2 W B 45 32 7, Control 2H 4 g Ji H
B BEIR |, 4040 5% s /0 T DENV-2 S8 YL 4 21 €6 5% 45
Bz, H M (E4),
2.5 RV EFZ 3 HUVECSs 28 it & P o v

FIIFH CCK8 YA 8 %5 % HUVECs 4l i 1 1)
SN, 5 R RN B HUVECS 12 508 Pk i
(TCID50) A 118.5 pg/mL. FEAEFHIERMBEE 50 pwg/mL
i, HUVECSs 4107755 4 (89+5.62) %, HLFt % vk FE %
I, BT HUVECs S 4 JCHA 5200, 17 100 pg/mL
F1200 wg/mL e X HUVECs 40 i v 2 A B 4l
YEHT (B 5) o B 50 pg/mL e 2 4 90 Sy 35 250 45 X
HUVECs 41 i e R ICEBE AT . SO A TR BRI &
6.25.12.5.25.50 pg/mL.

2.6 %3 BEALDENV-2 B 4 HUVECs 4 fit.#) DENV
RNA &4
i 3 5E DENV-2 RNA F4 A % 26 15 il o 35 55
AW . G50 30R [l B AL B DENV-2
LAY HUVECS, fifi DENV JE[R P2 DR, SR
HPE . B E R 6.25.12.5.25 pg/mL i} DENV-2
RNA H %} 2 1k 5 43 91 4 0.84+0.06 ,0.57+0.06 . 0.49+
0.02, 2 7 B A g1t 2% 8 L (P<0.05) . H 8 %4
50 Mg/mLQﬂﬁﬂﬁ?in%EiﬁE% 5 DENV-2 41 M e, B
A ALFRE DENV-2 RNA AT #EIA 4 0.39+0.05, 2257 H
7@ Geit#E L (P<0.001,516). BEET 50 pg/mL R
BESHIEN
2.7 # A F 394 DENV-2 NS1 & & £k
JHDENV-2 4 HUVECs 41U , A 50 pg/mL Ay
AT I TAL PR, Western blotting K50 NS 125 1 A 23k
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Cell viability (% of ontrol)

Control

3 DENV-2 3 HUVECs %S4l BRI & &
Fig.3 DENV-2 infection induces autophagy in HUVECs (x15000, n=3). A, B: Control

group. C, D: DENV-2 group.

Phase contrast Lyso-traker red

Control

~ DENV-2

B4 DENV-2 Bt HUVECs JaiaBs kR ThAEIE R

Hoechst 33342 Merge

Fig.4 DENV-2 infection enhances lysosomal function in HUVECs (Lyso-tracker Red staining, x400, n=3).
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Bl5 #EEHEX HUVECs SAiE R R0
Fig.5 Effect of Baicalin on viability of HUVECs cells (n=3).

KFo ZERER, S5 DENV2AMEL, INATES A NS 15
FEFEA DRI, 22 A5 =R L (P<0.001, [#17).
2.8 FHE A9 DENV-2 5569 A4 &

ST AR R, 525 4 AH LG, DENV-2
A A L AR A 2t B R Ab B A W&
W/ (818D), Western blotting Kl LC3 P62 (34718
fb B~ , 48 hiF 5725 41 b, DENV-2 41 LC3II/LC31
FUAE BB 1 (P<0.01, K 8A B) . Lot BEA AL IS |
5 DENV-2 0 M It , 48 h LC3II/LC3I [ E B & R A%
(P<0.05). p62 ik RHMZ: RN, 7512.24.36.48 h
i, 525 FI4AH F , DENV-2 20 fit) 28 35 7 1 1 35 A1
Horh S AR S p62 35 5 DENV-2 4 A 1
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RNAENFRIAE
Fig.6 Baicalin reduces relative expression of DENV-2
RNA in infected HUVECs. *P<0.05, ****P<0.001 vs 0
ug/mL group (n=3).
A DENV-2 DENV-2+BA
v
B 1.2
1.0
L‘S g sookok
=2
22 0.8
2 a
2z
gg 0.6
z9
S5 041
& Z
0.2
0.0

DENV-2

DENV-2+BA

7 EEFHEI DENV-2 NS1 B G FRiKKFE

Fig.7 Western blots (A) and quantitative analysis (B)
of the protein expressions of DENV-2 NS1 protein in
HUVECs infected by DENV-2. *#*P<0.001 vs DENV-2
group (n=3).

FHEIN, Horh 24 48 h 22 5 B A G837 5 L(P<0.05,
K 8C).
2.9 #3494 DENV-2 % F4 B o8 %

B 2OC R MG R R , 525 A4 M L, DENV-
2BRGLALL A5 SR % HYL a5 I A B S S 4L
o5 B ek D g (1519)

2.10 %% 3474 DENV-2 5 56 g8 %

Western blotting 25 5 i/, 545 F1Z4AH L , DEN V-
23 GL ] FE | WEARDCHE H Beclin-1 . ATG 5.STX 17,
SNAP29 Fl VAMPS [ £ ik , 22 A Gi it 27 2 X (P<
0.01); 5 DENV-2 40 L, 23 #5 5L S Y BE T
A 1 A 5% % A Beclin-1, ATG 5. STX17. SNAP29 Al
VAMPS 3515, 25 gei12¢ 5 X (P<0.01,[8110) .

2.11 DENV-2 % # HUVECs /)5 £ % & 5 #7

1525 1205 DENV 41 (DENV-2 &%t HUVECs) )
FEAEA T TR 412405 2, 32 F Human B8 PR 4G
ROGEEAE, e S 178 i T, A A B
FRESRMEA A 962 F . 489 MNE A N H (A
1A, KRR T KEGG B (F 11B) , &
£E3) 24 5405 S, BV PI3K-AK T {5 S0 % P53 {55
% TNF {5530 5 \ECM SZ /A0 B FH 55 % . Hop
PI3K-AKT{5F Zifpk IR ARZE , 181
2.12 DENV-2 #5 2 #] 4R #i T PI3K/AKT 1z 5 i@ % 49
ik

55 DENV-2 JEYL 41 A Fb , 22 1Y 294002 4b B , 410
i DENV-2 ) RNA Zh/K 1 F R, 225 A 4eit
2 L (P<0.001,1812),
2.13 % 23R4 DENV-2 B 4 HUVECs 1 2. % PI3K/
AKT # kA

RT-gPCR %%t i 7, DENV-2 8% 2> #1755 40 iy
PI3K .. AKT Ay mRNA %A 7K ¥ (P<0.05) , F #5 & 4 4b
5, PI3K . AKT ) mRNA ik /K-35 8 F R (P<
0.01),1fif p-mTOR/mTOR FIATCHA A5k , 22 F L4 1
27 (K 13A) . Western blotting 45 % i 75 (&
13B~E) , 5 25 [ %F B ZH 4 [t , p-PI3K/PI3K., p-AKT/
AKTE AN AR (P<0.01) A AN
p-PI3K/PI3K .p-AKT/AKT 25 (AN 1A /KRR (P<
0.05), 1fii p-mTOR/mTOR FikAE LA .
2.14 3% %3 T DENV-2 £ % HUVECs %1 it ¥ PI3K/
AKT # &k

Western blotting 455 i< (K] 14A) , 575 FIXT A
AH I, DENV-2 J& %4 2H p-PI3K/PI3K . p-AKT/AKT %5 [
AXF IR KT R (P<0.01) , 54, p-PI3K/
PI3K .p-AKT/AKT & [ A X} ik K AR (P<0.01) .
Il p-mTOR/mTOR ik ol i 84k, 2 R LG4
X MMALY294002 J54541 p-PI3K/PI3K .p-AKT/AKT,
p-mTOR/mTOR # [ #H X & 3k 7K °F- B Ik (P<0.01,
& 14D).
2.15 %33t T8 PI3K/AKT i %49 4) DENV-2 i
F9 B

Western blotting 4%/ I 7k , 5 DENV-2 &% 2H AH
LG, A LY294002 F 18 T DENV-2 % S 89 LC3 11/
LC3 I Wik, LI T P62 3Rk (P<0.001) . HmA
LY 294002 458 —5, B A1 ab 35, F 8 T DENV-2
PRI LC3 II/LC3 1 B3Rk JHH Pe2 Fik/K PG (P
<0.01) . 5 DENV-2+BA 41 #1 [t , DENV+BA+
LY 294002 ZH B 4 7 LC3 1 93235 KF 340 T P62
IR IR E & (P<0.01, K 15) .



- 1278 - J South Med Univ, 2024, 44(7): 1272-1283 http://www.j-smu.com

A 12h 24 h 36 h 48 h

DENV2 - + + - + + - + + - + +

Baicalin - - + - - 4+ - - + - - +
N e —-—— -

|

LC3I -
LC3II

GAPDH S S i ———————

B = Control

DENV-2 c 18 -
Control
2.07 “DENV-2+BA g o 169 . DENV-2
<5 12 I £2 14 — DENV-2+BA
52 ¢l S
z2 28 1.4 b ol "
5= 1.4 [=hen) - ok
E5 12 I I ] I E5 107 I L=,
53 101 ] I | 5% 08 I .
25 0.8 25 064 [
50 0.6 L o4l -
S = o 04
& 0.4 e
5 0o S 0.2
0.04 0.0-
12 % 36 4% 12 24 36 48

Infection time (h) Infection time (h)

DENV-2+BA

i

B8 EEFHMH DENV-2 B HUVEs B S Bk

Fig.8 Baicalin inhibits autophagy induced by DENV-2 infection in HUVECs. A-C: Western blotting of protein
expressions of LC3 and P62 in HUVECs infected by DENV-2. D: Transmission electron microscopy showing
autophagy of HUVECsS infected with DENV-2 after baicalin treatment (x15000). **P<0.01, ****P<0.001 vs Contorl
group. "P<0.05 vs DENV-2 group (n=3).

Phase contrast Lyso-traker red Hoechst 33342 Merge

->—< -
-% -
- -'—'

B9 HEXHEHMH DENV-2 B HUVECs [REER IR AER L
Fig.9 Baicalin inhibits lysosomal acidification in DENV-2-infected HUVECs (%400, n=3).

Control

DENV-2

DENV-2+BA




http://www.j-smu.com J South Med Univ, 2024, 44(7): 1272-1283 + 1279 -

A DENV-2 - + +

L C
Baicalin - - + L5 I3
=
. £ =
v U9 1] .
2% Zx x5 —
8. =8
o< 0]
Z7 05] Z& 05
&3 2%
0
GAPDH_ Control DENV-2 DENV-2+BA Control DENV-2 DENV-2+BA
p L5 E 1.5, F 1.5,
o -5 u—ﬁg £
R] ° < v sk
= Hkkk o s} HitH#
S 10 — S5 10/ = i 5 & 10]
gz 23 2%
=0 2~ 22
o e S
5 5% o
22 05 23 0.5 2% 0.5
ko) L £
R [3} ‘T‘u<
=5 ¥4 2 <
0- 0-
Control DENV-2 DENV-2+BA Control DENV-2 DENV-2+BA Control DENV-2 DENV-2+BA

10 EZXHHH DENV-2 B HUVECs J BEEXE AT
Fig.10 Baicalin inhibits expressions of autophagy-related proteins in HUVECs infected with DENV-2. A: Western blotting of

Beclin-1, ATG 5, STX17, SNAP29 and VAMPS8 proteins. B-F: Relative expression levels of Beclin-1, ATG 5, STX17, SNAP29 and
VAMPS proteins. **P<0.01, ****P<0.001. "P<0.05, **P<0.01, ***P<0.001 (n=3).

A Heatmap B

KEGG TopMapStat

PI3K-Aks signaling pathway 18

Pathways in cancer 17
Salmonala infoctior 16
Human papilomayirus infection 16
Viral carcinogenesis 14
Glycolysis | GRiconeagenesis. 13
Ragulation of actin cytoskeletan 13
Paihways of neuradsgansration - multils dissases. 13
Axon guidance. 12
Focal adhasion 12
Shigellosls 12
Amasbiasis 12

Fluil shear siress and atherosclarosis 12

KEGG Pathway Name(Top 20)

MAPK signaling pathway 11

Alzheimer disease 11

Protoglycans in cancer 11
Pentase phosphate pathway 10

Cysteine znd methioning metabalism 10

Spikecsome 10

Ras signaling pathway 10

[ 5 0 15
The number of Proteins

o
o2
3

CENV-23
DENV-ZA
DENV-22

11 DENV-2 &/ HUEV Cs BRERAF T
Fig.11 Proteomic analysis of HUEVCs with DENV-2 infection. A: Heat map of differential proteins in healthy adults and patients
with bronchial asthma. B: KEGG signaling pathways enrichment analysis.

3 Wit PR TR 70% ™ . T JC DF B nIATIR 755
IR R SRR, BRI, Bk R, TR — RO LA O T DENV ik

DENV B (i 4E KR fliTH 4 3.91240]. #E39/ZDENV e b] HARAT sty ik o

SRR U AR v FEr e S0 S BEAR ARSI L 24 o1 DENV B AR A RbILfHE w8 2% AL



+ 1280 -

J South Med Univ, 2024, 44(7): 1272-1283

http://www.j-smu.com

skoksk ok

0.5

Relative DENV-2 RNA expression

DENV-2 DENV-2+LY 294002

12 1Y294002 f&{% DENV-2 B HUVECs B
DENV-2 RNA X FRIEE

Fig. 12 LY294002 reduces relative expression of
DENV-2 RNA in HUVECs infected with DENV-2.
###%P<0.001 (n=3).

52 EREA S, DENVIERIL MG
RAIEN AU A= BT BERON , B0 19 JE R G ieids
FAFE T3 AMA AR T A A WS>, DENV
TR S5 T F WG, AT 50 2 A RN T BRI, M
b 3hE G 9% R GE I WA A5 fd F DENV-2 8% 4y
HUVECs Ji5 2837 5 FiL i S nT RS B4 i AT i 22
1 H b /IMATE R, H. Western blotting 253 7~ , 545 1
ZHAA L, DENV-2 JBYL 2 40 LC3 11 Fih7K A 12 h I

84k, 48 h FETAK [ s Lyso-Tracker Red e 6,25 1
575, DENV-2 ,JLF HUVECs [ B A T 1E 7 iR L
X FH] DENV-2 B4 n] LU 5 HUVECs 4l i F W19 A&
"o T DENV-2 XEARIA0 MR 52, A B FiE—2
BRITDENV A LRI
Egﬁ%})ﬂﬂéﬁﬁéﬁxﬂ@ﬂ%ﬁ%}%@éﬂE@E

AEYITE R BT 2 —, RATUR TR 4R
K, A WS B U T i,f’{%%’i\ﬁ?ﬁ

JHPLH . BERE AT Vero 41 A AR M5 35 3 e v
f) ZIKV RNA 7K FEAK T 50%, #5417 EEAEH T
ZIKV A R B B . BE51%F DENV R4k
S HAT PO GG AT ] R KBS DENV
TR, FAAR R 5 S0 DENV 551 32 200 M s 25 B
FAE, LTI DENV EYLAY Vero 41 P93 22 22 il , 15
SR CHE [ () 3 RN M NG AR i A BB I P
il DENV B YL 55— 1B SRR, )R YL J5 VEC 145
PRSI 2 T B0 4 PN B e B T i e 2 oy B S PR

AHFFEAE DENV-2 &L () HUVECs 40 ig A A - 3E

BT AT HUVECs N B9 DENV-2 RNA & il , HA
A P B A R B R R s A, B A IR
50 wg/mL B3R B o i 35 . DENV-2 445 8 1 1

LR TR, 48 hik B, P62 £ FE Y oI g 22 (NS1)7ES 2 RNA & il i f 275 L NST Ry FRIAK
B DENV2 - + +
u Control Baicalin - -
& 1.5 * Ut H mDENV-2 p-mTOR
=DENV+BA
K2 mTOR
= 0 p-PI3K
Z
E PI3K
EE 031 p-Akt
&
Akt

PI3K

mTOR GAPDH

fiiid

C o #Hit D P
15 15

S5 S
=9 f=i=
IoRS] o2
ZE 1.0 22 1.0
0 £ g
S.en S
e o<
2% 0.5 _g% 0.5
EE 54
S A

[=7
& 00 8

Control DENV-2 DENV-2+BA

13 EEHFHH DENV-2iESM PIBK/AKTIS

0
Control DENV-2 DENV-2+BA

—_
W

e e -
=} n =)
B
|

Relative expression of m
p-mTOR/mTOR protein

Control DENV-2 DENV-2+BA

SEBFRIAE

Fig.13 Baicalin inhibits the expression level of PI3K/AKT signaling pathway in DENV-2-infected HUVECs. A: Baicalin
reduces the relative expressions of PI3K, AKT and mTOR mRNA in DENV-2-infected HUVECs. B: Baicalin inhibits the
expression levels of PI3K/AKT signaling pathway-related proteins in DENV-2-infected HUVECs. C: Ratio of p-PI3K/
PI3K protein expression. D: Ratio of p-AKT/AKT protein expression. E: Relative expressions of p-mTOR/mTOR
protein. *P<0.05, **P<0.01, ***P<0.001; "P<0.05, “P<0.01, **P<0.001 (n=3).



http://www.j-smu.com

J South Med Univ, 2024, 44(7): 1272-1283

+ 1281 -

A DENV2 - + + - + +

Baicalin - - + - - +

LY294002 - - - + + +
P -

mTOR

p-PI3K

PI3K

GAPDH

i
c
Hih
2,00
B

55
58 1.50]
£8
S |
BE 1.00
o
>
ggg 0.501
&g

0.00-

> v Nod v v
& &N S
¢ ¥ W v o >
DS < < <
3 Q?V X X
Q Q QQ’
& &R
&
S
&
Hih

m
I+
e
=
F*

seoteokon

Relative expression
of p-Akt/Akt protein
j=) j=) —_
1= W =
<@ @ < ;
7

y & @ v
¢ &R N S ©
S & TS
<§} Q?V X X
Q O R RS
& s N
CJ QQ) @'
&

S]] TR 4 N DENV-2 52 19K F> sty
WK T HUVECs 1) DENV-2 NS1 /& [k, X
KFFEA AT DEN VIR 2L TR &% it —
RS T B ORI R
T T A mTOR LA A WA I -9
il T H3IN2 IO 4IA A W, B0 2 A Hs e
PR HR Y CHIKV B2 AR JReAR E F WY R
FIRE 2 I BRI BE A A Y. AT R, CVB3 gk
YeJE AT S0 AR R Y AR T S R
1T B AN AEAR AR, D d e JS H EARTE B, A
TR EE ], Ak s e X A R R IR ™ VA

fiiidiaid
HtHH

=2

g
=3
S

Relative expression of
p-PI3K/PI3K protein
(e) o — —
= n = W
< 2 < <2 .
7

EE T HHH

o@% @\Xw Q»XV w
S Y
& 5 x
& &
,é
&
DENV-2 - + + - + +
Baicalin - - + - . +
LY294002
p-AKT

AKT

GAPDH

B 14 EZHME DENV-2 5 SH) PI3K/AKT 5 Sl
HRILE

Fig.14 Baicalin inhibits the expression level of PI3K/AKT
signaling pathway-related proteins in DENV-2-infected
HUVECs. A: Western blotting of the proteins. B: Ratio of
p-PI3K/PI3K protein expression. C: Relative expressions
of p-mTOR/mTOR protein. D, E: Western blotting of p-
AKT/AKT protein expressions. ****P<(0.001 vs Control
group. **P<0.01, ***P<0.001 vs DENV-2 group (n=3).

TRJEAE [ W45 RN R R A 2% . T AR
T F IR R, A WA R R ARG
KB, ST BB AS R Bn 5 DENV-2 B2 M
Ll , BEATT AR S 48 h s A AN AT DL/ s VA L H
WA, AN N LC3 1T /LC3 1 23K T REAR , 1B B
ZEAF AT LI DENV i 5 HUVECS 4l if [ W & 2
It H LC3 I B Y [FIR AR5 P62 i T , IRl Lyso-
Tracker Red A4 (o 25 5 B /R, il A 35 545 i IR BHA R
B R BEEF AT BE DENV i S AYA0 [ Wi
ZAR . WFFEFMT, ATV N- 2 35 i o IV AR I8 1
B B 11 A2 A2 A T 1 WG RT3 T 5 10 DG



+ 1282 -

J South Med Univ, 2024, 44(7): 1272-1283

http://www.j-smu.com

A
DENV-2 - + + - + +
Baicalin

LY294002

LC3I
LC3II

GAPDH

(@]

i
idididid

—
(=3
(=]

0.50

Relative expression of
P62/GAPDH protein

STX17CENL T A WEA) 454 SNAP29 G i A NA)
FVAMPS GE N T H#HA)JE 1 SNARE & & Wi A
Wt A R Bl A P Rl 50 o AR SEI0 2 L 5 AT e O
DENV-2 i T ) H Wi #H ¢ & [ Beclin-1. ATG 5.
STX17.SNAP29 Fl VAMPS 435 . M B4 nl B
it SNAREs & A58 %, 1] I AR B AR5
AT BELIET T DENV-2 175 5 (0 20 [

ok X2 [ 4 5 DENV 4H (DENV-2 Ja 4t
HUVECs) FEAR I T8 F B 27 0t 2 K45 20 i 5508
#47T KEGG# g5 4T, o PBK-AK T {5 5% [ w4
=S EARZE . PIBK(BEARMENUEEAE ) 2 815
J p8S MMHEAL I JE p110 41 WY — 4K, PI3K/AKT
R AR, EREIE L Gk A AN SR A
A5 5 38 B, Fe 2R 1T A0 M R ST e RGE
DENV fiil 2 PI3K/AKT i % , #1 il caspase /15 i) 4l i
PR, DAGERRSZ RO A A 73 , HI LY 294002 (PI3K 1)

HFDIEYT IR REA SRR T Rl ] b
A WEAARTE B AT DENV & "™ AR #7554 il DENV-2

JEYL HUVECs J: I A LY294002 )& , J% 7 RNA & il i
FWD 5 FIRSCHGE — B AR, B
PI3K/AKT {5 538 A 15 A g™, ARWFFE &3, A
LY294002 Ji DENV-2 &4 ) HUVECs 4l fifi ' p-PI3K |
p-AKT AR, 5 DENV-2JBLZHAH L, in A8
2 1F J& DENV-2 J& 4% i) HUVECs 4 Jifg 7 p-PI3K . p-
AKT%%J$7K—T|ZF5?§%,p-mTOR%%Lﬂ(—TIZﬂﬁEﬁE/Eﬂﬁo 5

B HHH
2.00 #
25 150
Q
o
=
5= 1.00
S
£5 050
[}
= 000
\&o\ 4:\’ XQ,Y” bg@’ @Q Q@,
S A S
(SR K oY o
S W
N I X
Q ’Q@ ‘$, XQ’?'
& £ W
&
Q

15 ESHIEY TE PI3K/AktBEHIH DENV-2
FEHELE

Fig.15 Baicalin inhibits DENV-2 induced autophagy
of HUVECs by downregulating the PI3K/Akt
pathway. A: Western blotting of LC3 and P62
proteins. B, C: Expression levels of LC3 and P62
proteins. **#P<0.01, ****P<0.001. “P<0.05, “'P<0.01,
##P<0.001 (n=3).

AR AR — B it — 2 s R B A
LY294002 7 DENV-2 &t E’g HUVECs 41 /itd 1 LC3 %%

K NRE, P2 RINTH R . IMATEE 5 S0l 145

3, 3 H DENV-2+BA-HM I 416 1 W 441 1’EHEJ Cil
W o 45 3 B DENV-2 B 4 HUVECs 4 ifd ] if5 &
PI3K/AKIRAI M AW 2 A= o PRI, FRAT T o 25 ]
AE 2L A0 DENV 75 5 (1 PI3K/AKt {5 5 18 %, P45
H I, TP DENV /3557

L5 LR AR WFSEUESE T #5 n ] DENV-2
RNA [ FINS1 R IE ,, #4518 DENV-2
P HUVECs 20 F W0 A& Az BT F 3t , AR
ML P RE 238 5o P45 PISK/AK T {5 S B , R IEHT8 4
WREEMIVER . dE—2H4E/R T S B H7ERIMIL DENV 1)
YERIILH , 3R BEA R H TR A1 PG DENV
JERYLRAL T S , A B DENV A RTR #2459
IR T 5%

SRk

[1] Rodriguez DM, Major CG, Sanchez-Gonzalez L, et al. Dengue
vaccine acceptability before and after the availability of COVID-19
vaccines in Puerto Rico[J]. Vaccine, 2023, 41(24): 3627-35.

[2] Sarker A, Dhama N, Gupta RD. Dengue virus neutralizing antibody:
a review of targets, cross-reactivity, and antibody-dependent
enhancement[J]. Front Immunol, 2023, 14: 1200195.

[3] Roy SK, Bhattacharjee S. Dengue virus: epidemiology, biology, and
disease aetiology [J]. Can J Microbiol, 2021, 67(10): 687-702.

[4] El Sahili A, Lescar J. Dengue virus non-structural protein 5[J].



http://www.j-smu.com

J South Med Univ, 2024, 44(7): 1272-1283

+ 1283

Viruses, 2017, 9(4): 91.

[5] Medeiros AS, Costa DMP, Branco MSD, et al. Dengue virus in
Aedes aegypti and Aedes albopictus in urban areas in the state of Rio
Grande do Norte, Brazil: importance of virological and
entomological surveillance [J]. PLoS One, 2018, 13(3): €0194108.

[6] Yu L, Wen YF, Xiang MR, et al. The limitation of rapid tests for
DENV2 infection in host with unique immune status: low NS1
antigenemia and deficient antibody responses [J]. Virol Sin, 2020, 35
(4): 478-80.

[7] Li N, Li HD, Chen ZJ, et al. Estimating dengue transmission
intensity in China using catalytic models based on serological data
[J]. Trop Med Infect Dis, 2023, 8(2): 116.

[8] Brady OJ, Hay SI. The global expansion of dengue: how Aedes
aegypti mosquitoes enabled the first pandemic arbovirus[J]. Annu
Rev Entomol, 2020, 65: 191-208.

[9] Lun XC, Yang R, Lin LH, et al. Effects of the source of information
and knowledge of dengue fever on the mosquito control behavior of
residents of border areas of Yunnan, China[J]. Parasit Vectors, 2023,
16(1): 311.

[10] Moghaddam E, Teoh BT, Sam SS, et al. Baicalin, a metabolite of
baicalein with antiviral activity against dengue virus[J]. Sci Rep,
2014, 4:5452.

[11] Bao M, Ma Y, Liang M, et al. Research progress on pharmacological
effects and new dosage forms of baicalin[J]. Vet Med Sci. 2022, 8
(6):2773-84.

[12] Zandi K, Teoh BT, Sam SS, et al. Novel antiviral activity of baicalein
against dengue virus[J]. BMC Complement Altern Med, 2012,
12:214.

[13] Dhiman M, Sharma L, Dadhich A, et al. Traditional knowledge to
contemporary medication in the treatment of infectious disease
dengue: a review [J]. Front Pharmacol, 2022, 13: 750494,

[14] Chun Y, Kim J. Autophagy: an essential degradation program for
cellular homeostasis and life [J]. Cells, 2018, 7(12): E278.

[15] Lee YR, Lei HY, Liu MT, et al. Autophagic machinery activated by
dengue virus enhances virus replication[J]. Virology, 2008, 374(2):
240-8.

[16] Panyasrivanit M, Khakpoor A, Wikan N, et al. Co-localization of
constituents of the dengue virus translation and replication
machinery with amphisomes[J]. J Gen Virol, 2009, 90(Pt 2): 448-56.

[17] Heaton NS, Randall G. Dengue virus-induced autophagy regulates
lipid metabolism [J]. Cell Host Microbe, 2010, 8(5): 422-32.

[18] McLean JE, Wudzinska A, Datan E, et al. Flavivirus NS4A-induced
autophagy protects cells against death and enhances virus replication
[J].J Biol Chem, 2011, 286(25): 22147-59.

[19] Zhang QW, Sun JX, Wang YL, et al. Antimycobacterial and anti-
inflammatory mechanisms of baicalin via induced autophagy in
macrophages infected with Mycobacterium tuberculosis[J]. Front
Microbiol, 2017, 8:2142.

[20] Kang CY, Wang LB, Kang MY, et al. Baicalin alleviates 6-
hydroxydopamine-induced neurotoxicity in PC12 cells by down-
regulation of microRNA-192-5p[J]. Brain Res, 2019, 1708: 84-92.

[211WHO [(accessed on 17 March 2023)]. Available online: https://

www. who. int/news-room/fact-sheets/detail/dengue-and-severe-

dengue.

[22] Yi BW, Chew BXZ, Chen HX, et al. Antiviral activity of catechin
against dengue virus infection[J]. Viruses, 2023, 15(6): 1377.

[23] Bhatt P, Sabeena SP, Varma M, et al. Current understanding of the
pathogenesis of dengue virus infection[J]. Curr Microbiol, 2021, 78
(1):17-32.

[24] Uno N, Ross TM. Dengue virus and the host innate immune response
[J]. Emerg Microbes Infect, 2018, 7(1): 167.

[25] Wu SY, Chen YL, Lee YR, et al. The autophagosomes containing
dengue virus proteins and full-length genomic RNA are infectious
[J]. Viruses, 2021, 13(10): 2034.

[26] 00 A, Teoh BT, Sam SS, et al. Baicalein and baicalin as Zika virus
inhibitors [J]. Arch Virol, 2019, 164(2): 585-93.

[27] Tramontini Gomes de Sousa Cardozo F, Baimukanova G, Lanteri
MC, et al. Serum from dengue virus-infected patients with and
without plasma leakage differentially affects endothelial cells barrier
function in vitro[J]. PLoS One, 2017, 12(6): ¢0178820.

[28] Anasir MI, Poh CL. Discovery of B-cell epitopes for development of
dengue vaccines and antibody therapeutics[J]. Med Microbiol
Immunol, 2022, 211(1): 1-18.

[29] Mackenzie JM, Jones MK, Young PR. Immunolocalization of the
dengue virus nonstructural glycoprotein NS1 suggests a role in viral
RNA replication [J]. Virology, 1996, 220(1): 232-40.

[30] Zhu HY, Han L, Shi XL, et al. Baicalin inhibits autophagy induced
by influenza A virus H3N2 [J]. Antiviral Res, 2015, 113: 62-70.

[31] 0o A, Rausalu K, Merits A, et al. Deciphering the potential of
baicalin as an antiviral agent for Chikungunya virus infection[J].
Antiviral Res, 2018, 150: 101-11.

[32] 4 BR, 2% #F, e, % . S RSMIRIRTBE Ari s B 41 3 BUg
FIBLHIF ST (7). 6 5 B BF R 22244 B AR BR24 0, 2019, 39(2):
196-200.

[33]Yu L, Chen Y, Tooze SA. Autophagy pathway: cellular and
molecular mechanisms [J]. Autophagy, 2018, 14(2): 207-15.

[34] Fisher RA, Gollan B, Helaine S. Persistent bacterial infections and
persister cells[J]. Nat Rev Microbiol, 2017, 15: 453-64.

[35] Tian X, Teng J, Chen J. New insights regarding SNARE proteins in
autophagosome-lysosome fusion[J]. Autophagy, 2021, 17(10):
2680-8.

[36] Xie YB, Shi XF, Sheng K, et al. PI3K/akt signaling transduction
pathway, erythropoiesis and glycolysis in hypoxia (review) [J]. Mol
Med Rep, 2019, 19(2): 783-91.

[37] Wang BY, Zhong Y, Li QJ, et al. Autophagy of macrophages is
regulated by PLk/Akt/mTOR signalling in the development of
diabetic encephalopathy [J]. Aging, 2018, 10(10): 2772-82.

[38] Lee CJ, Liao CL, Lin YL. Flavivirus activates phosphatidylinositol
3-kinase signaling to block caspase-dependent apoptotic cell death
at the early stage of virus infection[J]. J Virol, 2005, 79(13):
8388-99.

[39]Kang CY, Wang LB, Kang MY, et al. Baicalin alleviates 6-
hydroxydopamine-induced neurotoxicity in PC12 cells by down-
regulation of microRNA-192-5p[J]. Brain Res, 2019, 1708: 84-92.

(4 - AT )



