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Abstract: Objective To explore “state and target” pathological mechanism of sepsis by comprehensively analyzing the single-cell
transcriptomics and transcriptomic datasets related to sepsis, construct the prognostic model for “state and target” of sepsis, and explore
potential target Chinese medicines and active ingredients. Methods Differential expression gene analysis and venn diagram analysis
were used to identify “state and target” of sepsis related genes. Key module genes were obtained using the random walk algorithm
through the connectivity of the protein-protein interaction (PPI) network. Gene ontology (GO) biological process (BP) and Kyoto
encyclopedia of genes and genomes (KEGG) were used to analyze the biological functions of key module genes. To explore the role
of “state and target” of sepsis related genes by single-cell transcriptome analysis. A prognostic model for “state and target” of sepsis
was constructed using gene expression data and clinical survival data from sepsis patients. The expression levels of prognostic genes
for “state and target” of sepsis were validated by constructing sepsis mouse model and real-time quantitative polymerase chain reaction
(RT-PCR). Through reverse network pharmacology, potential targeted traditional Chinese medicines and their active components were
screened, and molecular docking was used to verify the binding performance between active ingredients and prognostic targets. Results
A total of 70 genes related to “toxic state” of sepsis, 67 genes related to “stasis state” of sepsis and 54 genes related to “deficiency
state” of sepsis were obtained. The key module genes of “toxic state” of sepsis were closely related to inflammation, the key module
genes of “stasis state” of sepsis were closely related to coagulation, and the key module genes of “deficiency state” of sepsis were
closely related to cell homeostasis. AUCell score showed that monocyte had the highest score for “toxic state” and “deficiency state”
of sepsis. Platelet had the highest score for “stasis state” of sepsis. The activities of metabolic and inflammatory related genes and
pathways were significantly up-regulated in monocytes with high “toxic state” score. Platelet activation and coagulation/thrombosis
related genes and pathways were significantly up-regulated in platelet with high “stasis state” score. Compared with control group,
there were a large number of down-regulated genes in monocytes of sepsis patients, which were involved in antigen presentation, cell
energy metabolism, cell cycle, protein synthesis, etc. The prognostic model for “state and target” of sepsis constructed based on eight
targets [interleukin-1 receptor type 2 (IL1R2), ADP ribosylation factor like GTPase 4C (ARL4C), cytochrome C oxidase subunit 7B
(COX7B), eukaryotic translation initiation factor 2 subunit gamma (EIF2S3), immediate early response 3 (IER3), LSM1 homolog
(LSM1), paired basic amino acid cleaving enzyme (FURIN) and ankyrin repeat domain-containing protein 9 (ANKRD9)] had good
prognostic predictive ability, and the expression levels of these genes were validated using animal experiments and RT-PCR. Based on
the bioinformatics analysis tool for molecular mechanism of traditional Chinese medicine (BATMAN-TCM) database and database of
constituents absorbed into the blood and metabolites of traditional Chinese medicine (DCABM-TCM), reverse network pharmacology
analysis had screened multiple Chinese herbal medicines with effects of clearing heat and detoxifying, activating blood and resolving
stasis, and reinforcing healthy qi and their active ingredients entering the blood. Molecular docking showed that representative active
ingredients have good binding properties with prognostic targets. Conclusion Activation of inflammatory response driven by
monocyte metabolic reprogramming may be the main pathological mechanism of “toxic state” of sepsis. Platelet activation-
coagulation/thrombosis may be the main pathological mechanism of “stasis state” of sepsis. Monocyte dysfunction-
immunosuppression may be the main pathological mechanism of “deficiency state” of sepsis. A model based on eight genes can serve
as a risk prediction model for the prognosis of “state and target” of sepsis.

Key words: sepsis; “state and target” theory; single-cell transcriptome; transcriptome; prognostic model; animal model; reverse

network pharmacology
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ASCRT g2 ST I gk - 200 YTV - 43 R AR 22 AR B S AR
A, HReHEShFHIEIR VR R R 1A AEYDAR B IR S B R
YT Ia U 0, R, AR ULR G i 1 ke
JEAI % RNA-seq 1 scRNA-seq #iiE, W57 1 ik
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nih.gov/geo/) N ik B 4E AH % RNA-seq 45 £
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A R R AG Tl . SRR AR 7o
(gene set variation analysis, GSVA) i¥f% Dutai+
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o T RE SRR 2 kR RIS R ST ILFE T
FER, GOBP Ml KEGG & % /- iRt 2 5k
LY Y EERE il
1.6 MREFESIEMEEERFIZEREE

BRI E Cox /iRt yt i — A & 5 EAE IS [A] |
FELEREZ R R, REEAERE S REEZH
el b, FHCAVEAL B 2 82 505 5 A8 S A AE IR

P ESERAE o AHE TR BRI Z Cox Z3# FH AT
I I EERE ASBE IS AHOCHE DR o AR J5 A FH e /N A5 i
Y ML FE 5 F A1 3 (least absolute shrinkage and
selection operator, LASSO) #4)% fifk B ik A5 5 7l J5 5L
B A IR o e, (R 2 41, P<
0.05 AN AEA REFEER L, FFEHZAE TR
fiEMZE (receiver operating characteristic curve, ROC)
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1.7 s R SESEMEHEXER MR
KK
171 s 5E0N SEAEE L9 (ankyrin
repeat domain-containing protein 9, ANKRD9). ADP-
HERAL R T 82 FH 4C (ADPribosylation factor like
GTPase 4C, ARLAC). #Hfith3 C S LBETEE 7B
(cytochrome C oxidase subunit 7B, COX7B). FHA%EH
PERRAAIA ¥ 2 W3 y (eukaryotic translation initiation
factor 2 subunit gamma, EIF2S3). 58K [  (paired
basic amino acid cleaving enzyme, FURIN). 37H[J 5.3
J % 3 (immediate early response 3, IER3). H4Hi/
-1 %24k 2 1 (interleukin-1 receptor type 2, IL1R2)
AT LSMI [EYE¥ (LSM1 Homolog, LSM1) PCR 5
LS Invitrogen A & Wit & % JE £ H
(lipopolysaccharides, LPS, #t'5 12630) 4 H 3
Sigma-Aldrich A 7). RNA #2716, 55
S A0010CGQ)IE H EZBioscience /A ] . TRIzol
A (5 15596018CND 114 H 3 [H Invitrogen A 7] .
TR ROX2 AR (o 4 kb ik s & R & B 8 I b
(quantitative polymerase chain reaction, qPCR) A7/ &;
(#t'5 A0012-R2) H £ [E EZBioscience A 7] . ViiA7
KIGE R PCR A (3£ Applied Biosystems A &) ).
172 BREEAEDNRBLEHI % 20 A SPF 4
C57BL/6] /MR, 6~8 JHKE, RFifE (20£2) g,
e AR YRR AT BR A\, SIS WA RV RTIE
5 SCXK (#) 2022-0063. XA (55+£2) %,
12 h J6H/12 h FREEIERE A S AH OGS i 554%™
PN R 2K 22 SIS S WA PR Dl i T R kAT
(GHARIAC TR S 5 ZYD-2025-114) o 7N B W 11
IR 1RJE, 20 R/ANRBENL G N IE R H SR,
MR SRR 77752, SR H LPS 57/ BRI ERIE AR Y,
R ip LPS (20 mg/kg), IEFH A ip &5 &A=
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;K B 120 BN RAERRE, FFid s/ BRI .
ANERVEST LPS J5 I FEAR FER AR, 153 )
BEAIS. BRBSL. M KRS AR B G A ik
Dj. WHE24h 5, W/NRBET AR50, BRBREUL,
WA I 43 B9 L& A1 PBMC.
1.7.3  SER R A B 5% S W (real-time polymerase
chain reaction, RT-PCR) 43 #t  RT-PCR fu il itk &5
S 2 B0 T AH 50 2 DR AE JHe 3 /) BB T PBMIC H?
[fFIEKF. KH TRIzol X7 PBMC 425U
RNA, MR¥E U F AT 5%, AR ORRNE
qPCR W@ % M 10 uL 7R REEATIEH Y1, 5199
FERIRFE 1o @I 2728C J7 30 78 FH AT mRNA 3£
KK, - H A B (glyceraldehyde-3-
phosphatedehydrogenase, GAPDH) NHNZHENA .,
1.8 i E 4% IR 2 5 1R IR S E S LR EEALHI 8Y
$Rrathzy

BT B3R 7317 3 045 B0 BREERE B A S/ R
AT EAE A SRR OGN, LRI =
2y AL AR AE R o i TR Bl
(bioinformatics analysis tool for molecular mechanism of
traditional Chinese medicine, BATMAN-TCM, http://
bionet.ncpsb.org/batman-tem ) 3347 18 [ X £ 24 B 2= 7
M1, ®E S confidence score=0.66, ik T 2{E
F b3 ik 75 0 2 #E AR O¢ 2k ] 0 B e Hp 25 1210
BATMAN-TCM & fEA#fif b 24 il 7 MEL R 2 18]

*1 EESF5

Table 1 Primer sequences of genes

A FP3 (5°-3°)
ANKRD9 F: TCTAGCACAGGTTGGTCTG
R: AAGGCGAAGGATGACTTCC
ARL4C F: AATTGAGAAACCCAGTCCC
R: CATCGTTGGAATTAACAGCTC
COX7B F: TAAGCCGTCTCCAAGTTCG
R: AACTAGGTGCCCTCTTCTG
EIF2S3 F: CGCCACATTGGATGTTACC
R: ACTTCCCATGAGCTACGTG
FURIN F: CACAGAGCAGTGACAAAGC
R: GCCACTTTACTTGAGGCTC
IER3 F: GTTTGAACACTTCTCGCGG
R: CTTGGCAATGTTGGGTTCC
IL1IR2 F: GTGGACAAGGAACTTGTGAG
R: GCCTGCGTGTTTACAAGAC
LSM1 F: ACTAGGAGAAATAGACCTGGAG
R: ACCCTCTGTTCCTCTAGGA
GAPDH F: AAGAGGGATGCTGCCCTTAC
R: TACGGCCAAATCCGTTCACA

FFITRINAIER 2, B T THTRR 25 25 B AL,
Il e R B R TE Sy . BATMAN-TCM 1] A
VEN—FR BRI RS, A4 =8 e R i P 2 -4
HEMEAER, A BT PR 2 M B o 24 5 o A
HEOZEPIRR, FINERZE DR I E R,
1.9 SFXEEEIERAFEMK S 5RSESER
EHEXERNEEEEE

2 MR RR 73 S AR 8 2 (database of
constituents absorbed into the blood and metabolites of
DCABM-TCM ,
http://bionet.ncpsb.org.cn/dcabm-tcm/#/Home ), &5 1
A FR GRS Hh 245 7 7R R B 24 LV RS 70 PR 22
DCABM-TCM M IZHRH T A2 46 1 194 Fheh 244
HI192 M550 1 816 Fil BA AL~ 454 N L ESC 7
Fres th 7RI IR o3 B VRN SR 56 SR A, AR TR AX
ik SERENIMBIYIRETY . e 2T R R
LR )RR 5 45220, Dyt — 5 W T A B ) rh 24
FEAE - SRS g, %2 T DCABM-TCM &
R B AER F P 2 NIy, IR I8 A B AE 5SS
BRiE— P I BA B PrktslcE T S )
RENE T ZE IR . B S I8 21 v Al o 24
T 11 8 53 5 T B i A B TS A DG R IRl () 4 5
P HE . RCSB PDB % /# (https://www.rcsb.org/) &
FA N BUREIE S TS M SRR E ) 3D 4545
-, PubChem #(##i % (https://pubchem.ncbi.nlm.nih.
gov/) FEAFZEPER 1 2D 58930 . Autodock
Vinahe 1 Autodock 73 %2 KA PP 53R uE 45 5
110 ZeitE ot

K GraphPad Prism 9.0 #4347 5k 4347,
PIAIAIEL AR ¢ Ay, 2 IR ELABCR FH S R T
ZorHT, P<0.05 BN N RA SR ER.
2 R
2.1 BREESHEMBEXEENEE

S % U HEEIE DEGs 3 757 4, i Rk
K2 539 4, TSR 1218 4, ¥ DEGs 5#4&
FHIRHE R UZ B 19 3] 70 M IkFEAE T A O KR A,
¥ DEGs 5 REER AL AT H] 67 MikEiE
TR IR, # DEGs 5 Mg A AH B R UL #6159
F) 54 DMRFIERASHCER, WHE 1.
22 KREESHEBEXEERNEYZEINERSHN

70 MKBEPAETF A I B R LA F) 26 NI
B, W 2-A (ZMdon BIREER, WITRE
AN NUFEED . B IR AR B R B R R ] 2 2

traditional Chinese medicine ,
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0

[A-¥ (tumor necrosis factor, TNF) {55 i@ . Toll
DEGs B4 DEGs & DEGs Ha FEZ A (Toll-like receptors, TLRs) {55 @M. H4H
Mg S 5 ORI 9 S 9 T v 18 7 45 28

AR ISR A5 5, LA 2-B.
| EREEGALERSELENSEE 67 MIREFEFAS AL R R KA H] 20 MEEA
Fig.1 Volcano plot of differentially expressed genes and B, W 3-A. F YA EAE OSBRI [

3703 54 275 3690 67 307 3687 70 291

Venn diagram of overlapping genes FHREAGOES . MBI mgseE . 1k
A B leukocvte proliferation af
leukocyte mediated immunity ®
positive regulation of cytokine production @
e
(| positive regulation of inflammatory response{ * ¥ Pu
interferon-gamma production| * !8882
leukocyte activation involved in inflammatory response| * nooo
cytokine-cytokine receptor interaction ° 0 50
[ NF-kB signaling pathway o 8183
NOD-like receptor signaling pathway{ « E @125
@
TNF signaling pathway
AR rien @ Toll-like receptor signaling pathway{
P 0.1 02 03 04 0.5
= SR

2 REEFSTHXEENRLEEME (A) RXBRREFNINEEEIT (B)
Fig. 2 Clustering interaction network of genes related to “toxic state” of sepsis (A) and functional enrichment analysis of key

module genes (B)

B wound healing o
regulation of body fluid levels ®
calcium ion homeostasis °
hemostasis ° £ P o6
) 0.012
blood coagulation ° ! 0.008
0.004
regulation of cytosolic calcium ion concentration o ;&E
B
@ S regulation of platelet activation ; 2
O 8
calcium signaling pathway{ 010
~O12
hematopoietic cell lineage - &
Bu @
1 complement and coagulation cascades
R 0.150.200.250.30 0.35

H R LA

B3 MRBEFRSHEXERNRLEIEME (A) RXREREFNESEST B)
Fig. 3 Clustering interaction network of genes related to “stasis state” of sepsis (A) and functional enrichment analysis of

key module genes (B)

My MRS AR RS PSR TIRE 5 Sl SRR AT O Y A R A g, WL
RIS . AMARTIREM SRR N . & MAEi &, ¥5  3-B.
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Fig. 4 Clustering interaction network of genes related to “deficiency state” of sepsis (A) and functional enrichment analysis

of key module genes (B)
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Fig. 5 Identification of cell types related to “state and target” of sepsis
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Fig. 6 Analysis of biological functions of differentially expressed genes in monocytes of sepsis toxic state
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Fig. 7 Analysis of biological functions of differentially expressed genes in platelet of sepsis stasis state
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Fig. 8 Analysis of differentially expressed genes in monocytes between sepsis group and normal group and functional enrichment
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Fig. 9 Construction of prognostic model and nomogram for “state and target” of sepsis
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