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[Abstract] Objective: To identity core genes of neuroinflammation mediated by microglia in sepsis - associated encephalopathy
(SAE) through bioinformatics analysis and validate them through in vitro cellular experiments. Methods: Transcriptomic datasets of
peripheral blood from sepsis patients (GSE65682) and in vitro lipopolysaccharide (LPS) - stimulated microglial cell activation model
(GSE103156) were obtained from the Gene Expression Omnibus (GEO) database. Weighted gene co - expression network analysis
(WGCNA) was used to screen the modules significantly related to clinical diagnosis of sepsis in the GSE65682 dataset. The
intersection between differentially expressed genes (DEG) in LPS-treated and untreated microglial cells from the GSE103156 dataset
and the WGCNA modules was determined. Functional enrichment analysis of DEG was performed using gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG). A protein-protein interaction network was constructed using STRING, and core genes
were screened by Cytoscape and Lasso regression analysis. An in vitro cellular activation model of LPS-induced BV2 microglial was
established, and gene expression was detected using quantitative real-time PCR (RT-qPCR). Histone deacetylase 9 (HDAC9) was
overexpressed in microglia using the lentiviral vector method, and Western blot was employed to detect the inflammation related
molecule expression. Results: The WGCNA analysis identified nine modules associated with the clinical diagnosis of sepsis in the
GSE65682 dataset, comprising 332 genes. Limma analysis identified 1 272 DEGs in LPS - stimulated microglial cells from the
GSE103156 dataset. Eighteen overlapping genes were obtained, and the Lasso regression analysis further selected four hub genes: G
protein - coupled receptor 183 (GPRI83) , HDAC9, nicotinamide adenine dinucleotide kinase (NADK) , and leucine rich repeat
containing 25 (LRRC25). RT-qPCR confirmed downregulation of mRNA expression of Gpri83 and Hdac9 genes and upregulation of
Lrre25 expression in the inflammatory activation model of LPS - stimulated microglial cell, with no significant change in Nadk
expression. Western blot showed that overexpression of HDAC9 promoted the expression of pro-inflammatory cytokines interleukin (IL)-
1B and inducible nitric oxide synthase (iNOS) in LPS - induced microglial cells and enhanced JAK1 - STAT3 phosphorylation.
Conclusion: This study identitfies four key genes mediating neuroinflammation in SAE through bioinformatics analysis and
preliminarily demonstrates that HDAC9 has pro - inflammatory activity in microglia, providing new insights and data for further
mechanistic research on SAE.

[Key words] sepsis associated encephalopathy; microglia; bioinformatics analysis; differential genes; core genes
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Immuno Research 2~ ], £ [E) ; PCR 5| 9 #1550 2 5}
AW T A e HDACO 3o 28 78 18995 75 4 4 i it #d
AR B A B A m A A o /0N B /D T T 40 e v
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interaction network, PPI) #J 3 B 4%3 3k B 447
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1% EFR-HEER),37 C.5% CO KT H 7748
thEE TR . BV2 QAL AP I T R SR I, £ AR
KB AEH L, A LPS(1 wg/mL) HJ ¥4 0 h.24 h, ¥t
AN T 5 ek
1.2.8 BV2 MR G Ak s HDACO % 9% & i3 & A
PAHDACO i 35185 75 804 (oe-HDACO) K 4
BV2 /N5 40 L, DL 105 85 4K Coe-crD AF Ry
X &, 43 3000 N 3 FE R 1108995 85 9 AN R IR FE A
10 pg/mL polybrene 577 24 h J5 40/, 4k 5255 7% 48 h,
2 J5 T FH 5 W g R (2R FE 10 pg/ml) [ 1% 77 3

HEAT B R 40 i 3%, SR FH Western blot £l HDAC9
1.2.9 %5 %€ 2 PCR(quantitative real-time PCR,
RT-qPCR)

K H TRIzol 7% #& HU 41 A =2 RNA, 2K F Prime-
Script™ RT Master Mix iR 77l £ % mRNA 1 #% 5% %2
¢DNA, X SYBR Green qPCR X7 & #47 RF-qPCR,
SR Z5 A2 95 °C 52 min FiAE 5 95 °C 15 s &4,
60 °C 30 s 1B K/IEfH, H 5T 40 MIEH s 4 CLRAF. B
Gapdh E RN Z, 51T 5 B ARG B K 1

#*1 RT-qPCRERSIMFINIER
Table 1 Sequences of gene primers for RT-qPCR

Gene Species Forward(5'—3") Reverse(5'—3")
Gapdh mouse CAAGGTCATCCATGACAACTTTG GTCCACCACCCTGTTGCTGTAG
1l-1B mouse TCATTGTGGCTGTGGAGAAG AGGCCACAGGTATTTTGTCG
Tnf-a mouse ACAGAAAGCATGATCCGCGA TTGCTACGACGTGGGCTAC
Hdac9 mouse GCGGTCCAGGTTAAAACAGAA GCCACCTCAAACACTCGCTT
Lrre25 mouse GAACTAGGTTGCTGTGGTTATGT GTCTGAGTCCAGTCTACCCTG
Gpri83 mouse ATGGCTAACAATTTCACTACCCC ACCAGCCCAATGATGAAGACC
Nadk mouse TCATGGGGATGAGACCTGGAG ACAAGCACACTCTTGGGAGAC
Inos mouse CAAGAGTTTGACCAGAGGACC TGGAACCACTCGTACTTGGGA

1.2.10 Western blot

PRV MR, S BCAER IR AR . K
5 H I8 4 1 5t & K/ 73 3% 4 7.5%  10% 5L
12.5% 1 e S 1 B0 - SR8 A s Mk v f FL K 2 28 2
FIRE i, B S DL S% N - W = iR 3 P 2 h, — 0
4CHERER, —P=EWNE 2 h, RSB
KR A%, K H Image J 8443047 € 04T -
1.3 GitFor

5k [R]85 5 B T2 A B Ak B R0 43 1T 350
I R (4.1.0 fRO 5E . K H GraphPad Prism 8 Al
SPSS 25.0 AT Gttt st SRRl . AR DL $is
P 22 (x £ ) 3R, 1 2L 1) B 350K B ST R A ¢ A6
565, 22 SHL 1) LHAsE R B TR 3R 7 22 43 M, 4L TRD 7 7 L
K LSD-t 5. P < 0.05 %mZE7E G55 Lo

2 &% R

2.1 WGCNA 7 #7 IR 2 £ 30 3% % GSE65682

I\ GSE65682 a4 Hh 75 il g g sl A IR Ge &
PE Syt BRZH L 727 M5 EE W 4 =5 Y IR BRE R 1R N
JHe B3 RE 20, X A A Il e 0 3k AT WGCNA 43
Mo 18IS WGCNA GLI %, M T0 R I 245 40 A
WA, B MK RER N 0.85, WHL 7 1 N R R

ECE A, R RAE T 32 m K E PE (B 1B o if
AR 5 DAL 18] 18 R 9 A4 R B AR 4 41 .45 [ (topologi-
cal overlap matrix, TOM) , {i F§ TOM #4) & B[] [6] 73 |2
SR, BRI B 20 SO RE 10 A AN [R] 1 2k R A B
REOPR B _E A — v e 0 R — AN R, AR B 2
PR SR SR B R Bt A e (P 16O o i BhaS
BP0 22 RIS E , S A AL 5 v R B e
I AT 3 21 MR, B S SRR I R 12 K
R A IDVE) o Horpr, 9 MREHR (511 3321
FLPRD 5 I E 23 A OC (P < 0.01), 3534 Yellow
(P=1.2¢ ") . Salmon (P=4e ") | Darkred (P=1.1e *) .
Orange (P=8.3¢"”) . Skyblue (P=1.2¢ ) . Black (P=
4e *) | Steelblue (P=3.3¢" ") . Brown (P=2.9¢°") .
White (P=6.3¢™"") , 2L Brown i 5 Ik 5 0E s IR %
RURH SR (B 1F) .
2.2 GSE65682 % ¥ & ¥ Ik F e A8 RAE R A H 69 F
& Hr

NTRE GSE65682 HUHii &2 ik B iE AH SR B 0
T FER T RE, o bk 5 R AE B AR 9 M
B 332 AN FE R AT GO & 4R 73 B, B RE DN B 3%
BT R T RN IR A I
RIEAA AT 5 BB FOE S (U Wnt . NF-kB.MAPK 2%
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A: Network topology analysis. The x-axis represents the soft-threshold power, and the y-axis represents the fitting index of the scale-free topology

model. B: Network topology analysis. The x-axis represents the soft-threshold power, and the y-axis represents the average connectivity. C: Clustering

dendrogram of genes. D: Clustering heatmap of module feature vectors. E: Correlation analysis between modules and sepsis. Each module contains corre-

sponding correlations and P values. F: The relevance of genes in the brown module with sepsis.
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Figure 1 WGCNA analysis of sepsis dataset GSE65682
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A:The GO biological information enrichment analysis was performed on 332 genes related to sepsis in the GSE65682 dataset, including biological

process, cellular component, and molecular function. B: The KEGG signaling pathway enrichment analysis. The x-axis represents the percentage of

genes enriched in the pathway to all genes, and the y-axis represents different signaling pathways. Each dot represents the degree of enrichment, with

colors indicating the P value.
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Figure 2 GO and KEGG pathway analysis of sepsis related module genes in the GSE65682 dataset
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A: Volcano graph of BV2 microglia between the control group and the LPS group in differential analysis. The blue dots represent low expression,

while the red dots represent high expression. B: Heat map of the top 30 DEGs of microglia between the control group and the LPS group. Cyan repre-

sents the control group, pink represents the LPS group, red rectangles represent a higher expression of LPS, compared with the control group, and blue

rectangles represent a lower expression. C—E: The GO biological information enrichment analysis of microglial DEGs in the control group and the LPS

group; including biological process, cellular component, and molecular function levels. The x-axis represents the proportion of enriched genes in GO, the
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Figure 3 Differential gene and functional enrichment analysis of LPS stimulated BV2 microglia dataset GSE103156
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A:Venn diagram demonstrates the identification of the common genes resulting from the intersection of 1 272 DEGs before and after microglial acti-

vation of GSE103156 and 332 genes related to GSE65682 sepsis. B: Constructing a protein-protein interaction network by using the STRING database.

C: Cytoscape screening for TOP10 genes. D, E: Lasso regression analysis. Binomial deviation as a function of the tuning penalization parameter A (D),

coefficients as a function of the X parameter(E).
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Figure 4 Screening and identification of the core genes for microglial inflammatory activation in SAE
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A:BV2 microglia were transduced with lentivirus to overexpress HDAC9(oe-HDAC9) , with empty vector used as a control Coe-ctrl). After stimulat-

ing the BV2 microglial cells with LPS, Western blot was performed to detect the protein expression levels of HDAC9, IL-1B, and iNOS. B: Western blot
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Figure 6 Overexpression of HDAC9 promoted the expression of pro-inflammatory cytokines and phosphorylation of the

JAK1-STAT3 signaling pathway in microglia
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