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Abstract: This study identified the exact molecular mechanisms of baicalein on neuroinflammation in
lipopolysaccharide (LPS)-induced BV-2 cells. Bioinformatics methods and molecular docking were integrated for
predicting the potential targets and mechanisms of baicalein. Immunofluorescence staining and Western blot were
used to analyze the predicted key targets [inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2)], the
expression level of protein related to signal transducer and activator of transcription 1/nuclear factor kappa-B
(STAT1/NF-«B) signaling pathway and its upstream regulator NADPH oxidase-2 (NOX2), and then the
mechanism of baicalein in alleviating neuroinflammation was explored. The results showed that iNOS and COX-2

were predicted as the key targets and NF- xB signaling pathway was one of the important pathways by
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bioinformatics methods and molecular docking. Experimental verification showed that baicalein could significantly
reduce the expression of iNOS and COX-2, inhibit the phosphorylation of NF-«B and STAT1 and the production of
NOX2 in LPS-induced BV-2 cells. To sum up, baicalein could effectively inhibit the inflammatory reaction in
LPS-induced BV-2 cells through regulating NOX2 (gp91°"*/p47°"*)/STAT1/NF-xB pathway.
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Figure 1 Protein-protein interaction network constructed by

Cytoscape software. A: Graphical illustration of 38 targets; B: A
core sub-network visualization of 9 targets. The higher the MCODE
node score (the larger distribution a node has), the bigger the node

size and the darker the node color are in the network
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Table 1 The fold changes of the 38 differentially expressed genes in lipopolysaccharide (LPS) -stimulated BV-2 cells
Uniprot ID Gene symbol Description log, (fold change) ~ P-value Reference
P35354  PTGS2 Cyclooxygenase-2 6.871 714439 2.57E-142 [10,11]
P35228  NOS2 Nitric oxide synthase 2 8.999 226306 3.15E-119 [10,11]
P15907 ST6GAL1 ST6beta-galactoside alpha-2,6-sialyltransferase 1 -3.561204 319 2.61E-31 [10]
P11309 PIM1 Pim-1 proto-oncogene, serine/threonine kinase 3.250 595502 5.59E-30  [10,11]
P35968 KDR Vascular endothelial growth factor receptor 2 -3.080 768 925  1.58E-25 [10]
P08581 MET MET proto-oncogene, receptor tyrosine kinase 3.684 930 633  9.39E-25 [10]
060603  TLR2 Toll-like receptor 2 2.562 772588 1.59E-24  [10,11]
P11388 TOP2A DNA topoisomerase II alpha -2.990 587 245 4.52E-24 [10]
P43405 SYK Spleen associated tyrosine kinase 2.242 920478 4.31E-23 [10]
P21447 ABCBIA Multidrug resistance protein 1A 3.486 623 933  1.07E-20 [10]
P06493 CDK1 Cyclin dependent kinase 1 -2.814 110 144  5.52E-20 [10]
P12931 SRC Tyrosine-protein kinase SRC 2.994 603 505 2.27E-18 [10]
Q96P20  NLRP3 NLR family pyrin domain containing 3 2.533343 142 3.23E-17  [10,11]
P33527 ABCCl1 Multidrug resistance-associated protein 1 1.955765 744 3.77E-17 [10]
P29274 ADORA2A  Adenosine A2a receptor (by homology) 5.282 305846 2.34E-12 [10]
P09874  PARPI1 Poly [ADP-ribose] polymerase-1 -1.622 727771 5.77E-12 [10]
P15692 VEGFA Vascular endothelial growth factor A 1.871 761312 1.04E-11 [10]
QI9HC98 NEKG6 Serine/threonine-protein kinase Nek6 —-1.753 553 062 1.89E-11 [10]
P21964 COMT Catechol O-methyltransferase -1.664 059 854 2.38E-11 [10]
Q96GD4 AURKB Serine/threonine-protein kinase Aurora-B -3.245 112385 2.52E-11 [10]
P53350 PLK1 Serine/threonine-protein kinase PLK1 3.727 635228 4.87E-09 [10]
Q15399  TLRI1 Toll-like receptor 1 1.749 717 415  9.78E-09 [10]
P28907 CD38 Lymphocyte differentiation antigen CD38 1.973 611 355 4.61E-08 [10]
Q04760  GLOI Glyoxalase | -1.835092 126  1.00E-06 [10]
P05067 APP Beta amyloid A4 protein 1.038 858 739 3.13E-06 [10]
P47989 XDH Xanthine dehydrogenase/oxidase 1.084 657 012 1.79E-05 [10]
P27695 APEX1 DNA- (apurinic or apyrimidinic site) lyase -1.336 906 145  2.94E-05 [10]
P35869 AHR Aryl hydrocarbon receptor 2.03245399  5.08E-05 [10]
P08069 IGFIR Insulin-like growth factor I receptor -1.322918 565 1.28E-04 [10]
P53355 DAPK1 Death-associated protein kinase 1 1.029 470957 2.76E-04 [10-12]
P84022 SMAD3 SMAD family member 3 -2.082222317 8.35E-04 [10]
Q00535  CDKS Cyclin-dependent kinase 5/CDKS activator 1 -1.068 474 723 9.62E-04 [10]
060285  NUAKI NUAK family SNF1-like kinase 1 -1.721 963 927  1.52E-03 [10]
P15559 NQO1 NAD (P) H dehydrogenase [quinone] 1 1.980 887 899  1.82E-03 [10]
Q11203 ST3GAL3 CMP-N-acetylneuraminate-beta-1,4-galactoside alpha-2,3-sialyltransferase 2491426 161 2.26E-03 [10]
P37059 HSD17B2 Hydroxysteroid 17-beta dehydrogenase 2 2.466 877 781 2.47E-03 [10]
P43250 GRK6 G protein-coupled receptor kinase 6 —-1.052302 552 3.63E-03 [10]
P63316 TNNCI1 Troponin C1, slow skeletal and cardiac type 2.159192 603 8.21E-03 [10]
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Figure 2 Molecular docking modes between baicalein and
cyclooxygenase-2 (COX-2, A), baicalein and inducible nitric oxide
synthase (iNOS, B)
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Figure 3 Eleven enriched biological processes predicted by
DAVID database and visualized by RStudio. The color scales
represented the different false discovery rate (FDR) and the sizes

of the dots indicated the target counts of each term
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Figure 4 Effects of baicalein on protein levels of iNOS (A) and
COX-2 (B) in LPS-induced BV-2 cells. n = 3, X + SEM. #P < 0.01,
P < 0.001 vs control group; "P < 0.05, P < 0.01 vs LPS group

5 EZZHNH LPSIFESH BV-2 405 NF-xB/p65 F1
p-NF-«BE B XA

iNOS Il COX-2 f& NF-xB {5 5 3l i Hh 9 Fh 55 2 1)
4> ¥, iNOS Fl COX-2 £ [ il 3 1A 7l 0% NF-«B {5
S, A R R AU 2 FT R
B9 e AR KR B4 umol - L 3% % K Al fi LPS i F (1
NF-xB/p65 3R 1A & 2 B A% B A 240 NF-xB/p65 4%
SAIP, AHF 5T K FH Western blot %7 NF-«B 5 5 8 1 11
KEEE A AT . 45 R B7R, LPS 55 BV-2 41 il
J& , NF-xB/p65 Fl p-NF-xB 3 15 7K ¥ 43 71 11 74.03%
H192.63%. SR, ¥4 F 25 2 J5 ] 8 NF-«B/p65 il p-
NF-xB (1) 5 7K F 123 T 1 31.12% 1 38.22% (K 5),
XKW X R AL AN NF-xB/p65 1) 15 fil NF-«B
(I IR AL o
6 EEZHANFILPSIE S BV-2 4HAE p-STAT1 &EH
Fik

LPS A5 5 NF-«B & [ RIA, HPRol ios i

NF-xB/p65 — D w—— 65 kDa
p-NF-«B m oo O 65 kDa
p-actin v v 42 kDa
wv
G § [ \a
o § 100 ## S G100 i
ggw : Eg ®
o 3 60 2 E 60 *kk
Em 40 £ 40
E [z 20 T I 20
Z 0 & 0
LPS (0.1 pg'mL") - + + LPS (0.1 pg'mL!) - + +
Baicalein (4 pmol'L-1) - + Baicalein (4 pmol-L-!) - - +

Figure 5 Effects of baicalein on protein levels of nuclear factor
kappa-B (NF-«B) /p65 and p-NF-«B in LPS-induced BV-2 cells.
n=3,X+ SEM. #P < 0.01, ™P < 0.001 vs control group; P < 0.05,
P <0.01 vs LPS group
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Figure 6 Effects of baicalein on the level of p-signal transducer
and activator of transcription 1 (STAT1) protein in LPS-stimulated
BV-2 cells. n = 3, X + SEM. P < 0.001 vs control group; P < 0.01
vs LPS group
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Figure 7 Effects of baicalein on the levels of p47™, gp91™™* in
LPS-induced BV-2 cells. A: Intracellular p47™* level obtained by

immunofluorescence assay; B: The levels of membrane and cytosol
p47°; C: The levels of total and membrane gp91™™. n =3, X +
SEM. “P < 0.05, P < 0.01 vs control group; "P < 0.05 vs LPS group
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