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Tab. 1 Global topological properties of apoptosis,necrosis,and pyroptosis networks
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Fig. 1 Overview of results of apoptosis network
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Tab. 2 Node centrality indices of apoptosis network(Top 10)

T B

CASP3(0.314 0)

R HA R o SR R T 5 B AR AIE 1

CASP3(0.502 9) TNE(1D)

CASP3(0.555 5)

CASP2(0.174 4) BCL2(0.187 1) BAD(0.416 3) TRAF2(0.993 8)

CASP8(0.174 4) BAD(0.179 3) TFAP2A(0.412 3) RIPK1(0.984 4)

TNF(0.139 5) CASP8(0.131 7) CASP8(0.406 5) TNFRSF1A(0.984 4)

TRAF2(0.139 5)
FADD(0.139 5)
CASP6(0.127 9)
RIPK1(0.127 9)
BCL2(0.127 9)

TRADD(0.127 9)

CASP2(0.119 3)
TFAP2A(0.115 3)
PARP1(0.092 0)
CASP6(0.077 1)
ERK1/2(0.066 4)

CASP10(0.053 6)

CASP6(0.399 1)
CASP2(0.388 4)
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CASP10(0.370 2)
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TRADD(0.984 4)
CASP2(0.956 7)
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MADDC(0.855 8)
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Fig.2 Overview of results of necroptosis network
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Tab. 3 Node centrality indices of necroptosis network(Top 10)

WA SR o VS RERCWSEER: Sl 4 TR B AR )
Necroptosis(0.4082) Necroptosis(0.3975) Necroptosis(0.5862) Necroptosis(1)
ROS(0.367 3) RIPK1(0.342 2) ROS(0.579 5) ROS(0.923 0)
RIPK1(0.244 9) ROS(0.341 1) RIPK1(0.560 4) RIPK1(0.663 6)
RIPK3(0.183 7) FADD(0.108 1) CYLD(0.485 7) RIPK3(0.519 3)
FADD(0.122 4) TRAF2(0.082 1) RIPK3(0.476 6) CYLD(0.422 5)
TNFRSF1A(0.122 4) RIPK3(0.081 3) ceramide(0.439 7) ceramide(0.397 0)
ceramide(0.122 4) ceramide(0.062 5) RIPK1-RIPK3(0.439 7) RMMP(0.382 0)
CASP8(0.102 0) TNFRSF1A(0.058 9) TNFRSF1A(0.435 9) Arachidonic acid(0.365 8)
TRAF2(0.081 6) CYLD(0.041 3) BNIP3(0.432 2) RIPK1-RIPK3(0.337 9)
TNF(0.081 6) PARP1(0.040 8) Arachidonic acid(0.428 6) BNIP3(0.319 3)

ME 2] LIE 1, R AL & Necroptosis. ROS 40 F #l RIPK1 8 H A b F H ALY i i 8 B F T B %
(MLl 3 AT, BEAE B9 R A ROS, RIPK1, RIPK3, FADD #il TNFRSF1A 4, /v 80 0 W i A
RIPK1,ROS,FADD, TRAF2 #l RIPK3 %, 2 i £t = B9 ¥ it /i ROS, RIPK1, CYLD, RIPK3 Fl ceramide
A R 1) B PO MEHE A SERT A9 4 B ROS, RIPK1, RIPK3, CYLD FI ceramide 2§25 &k & 76 . 5k .
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Fig.3 Overview of results of pyroptosis network
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Tab. 4 Node centrality indices of pyroptosis network(Top 10)

10 S L

1A R HA B

19 5 S HA% O M

19 0 S ELAR A 1] £

CASP1(0.307 7)
NLRP3(0.269 2)
Pyroptosis(0.269 2)
CASP11(0.230 8)
GSDMD(0.230 8)
CASP4(0.192 3)
CASP3(0.153 8)
CASP8(0.153 8)
PAMPs(0.153 8)

CYTC(0.115 4)

GSDMD(0.349 3)
NLRP3(0.307 6)
CASP1(0.305 7)
Pyroptosis(0.284 2)
CASP11(0.201 7)
CASP8(0.155 5)
GSDMA(0.076 9)
CASP4(0.064 8)
CASP3(0.059 5)

PAMPs(0.020 9)

GSDMD(0.529 4)
NLRP3(0.509 4)
Pyroptosis(0.509 4)
CASP1(0.500 0)
CASP11(0.473 7)
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NLRP1(0.397 1)
AIM2(0.397 D

NLRC4(0.397 1)

CASP1(1.000 0)
Pyroptosis(0.973 5)
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CASP11(0.835 &)
PAMPs(0.629 3)
CASP4(0.614 6)
NLRP1(0.595 0)
AIM2(0.595 0)

NLRC4(0.595 0)
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Identifying key nodes in apoptosis,necroptosis.and pyroptosis signaling networks

Qi Hong", Wang Yang"", Shi Yanxiang®
(a. Complex Systems Research Center; b. School of Mathematical Sciences, Shanxi University, Taiyuan 030006, China)

Abstract: As a fundamental biological process, cell death is crucial for development, homeostasis and pathogenesis.
Identifying the influential nodes in the cell death signaling pathway has been the focus of intense research, and the construction
and analysis of their signaling networks can provide important theoretical implications. Here, we focus on three best character-
ized pathways. i. e. , apoptosis, necroptosis. and pyroptosis. We firstly obtain the preliminary data from published literature
and bioinformatics databases. After text processing, the data are used to construct the signaling networks of apoptosis, necrop-
tosis, and pyroptosis. Then, we calculate the degree centrality, betweenness centrality. closeness centrality, and eigenvector
centrality of all nodes in each network, and explore k-shell decomposition and community detection to classify the network

nodes. By combining the results obtained {rom the above methods, we finally identify the vital nodes in each network.

Keywords: cell death; signaling network; centrality index; k-shell decomposition; community detection
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