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Multi-omics analysis of pyroptosis-related genes in breast cancer and screening
prediction of related traditional Chinese medicines based on bioinformatics
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Abstract: Objective To explore the role and clinical significance of pyroptosis related genes in breast cancer and screen traditional Chinese
medicines (TCMs) that can regulate pyroptosis based on bioinformatics. Methods Breast cancer related data sets were obtained from
TCGA and GEO databases; The expression and variation of pyroptosis related genes in breast cancer was evaluate by R and Perl language;
Pyroptosis genotyping and prognostic differential genotyping were performed on the data sets, and multi-omics analysis was performed
for each genotype; The prognostic model were constructed, risk scores were performed, and sub-group multi-omics analysis was carried

out according to risk scores to test the predictive power of survival. Finally, the pyroptosis related genes were used as the targets, and the
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TCMSP database and Cytoscape software were used to construct “target-component-Chinese herbal medicine” network and topological
analysis to obtain core TCMs and their related attributes. Results Most genes related to pyroptosis were abnormally expressed in breast
cancer and had copy number variation; Eleven genes such as cellular tumor antigen p53 (7P53) had somatic mutations. The A subtype of
pyroptosis had good prognosis, high expression of pyroptosis genes and immune-related pathways, and high content of immune cells. Type
B was the opposite, and type A and B had obvious differences, the number of differential genes was 1223. The differential genes of
pyroptosis were reclustered to generate three genotypes. Among them, group I had the best prognosis, group II had the worst prognosis,
and pyroptosis related genes were mainly highly expressed in group I, and lowly expressed in group II. The patients were divided into high
and low risk groups according to risk scores of prognostic model. The low risk group showed high expression of pyroptosis gene and good
prognosis, while the high risk group showed the opposit. The prognostic evaluation of different clinical characteristics of patients could be
carried out through the nomogram; The correlation analysis of immune cells and risk scores showed that most of them were negatively
correlated; In the tumor microenvironment, the stromal cell score, immune cell score and total score were lower in all high risk group, and
tumor mutation burden was higher in the high risk group. Stem cells were also positively correlated with the risk score. The network of
“target of pyroptosis-component-TCMs” obtained 17 TCMs, such as Muhudie (Oroxyli Semen) and Honghua (Carthami Flos). Their nature
and flavor were mainly bitter and cold, followed by pungent and warm, supplemented by sweet and light medicines, which mainly regulate
the liver, lungs, spleen and stomach, etc. Conclusion The pyroptosis genes play an important role in the immunity of breast cancer, and
have obvious correlation with the prognosis of breast cancer patients. The main TCMs that regulate pyroptosis include 17 medicines such
as Oroxyli Semen and Carthami Flos. The conclusion can provide ideas and references for further research.
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Table 1 Information of pyroptosis-related genes

Py BEREFS YR
1 BAKI B #REL 40 AR -2 (B-cell lymphoma-2, Bel-2) [RYEFEHTAI/RA%77 (Bel-2 homologous antagonist/killer)
2 BAX Bel-2-#5% X &2 A (Bcl-2 associated X protein)
3 CASPI eIt R 4 2 BR -1 (Caspase-1)
4  CASP3 e Jht B R 4 2 B2 -3 (Caspase-3)
5  CASP4 et B R 4 2 BR -4 (Caspase-4)
6  CASPS Tt 2B R 4 2 BR -5 (Caspase-5)
7  CHMP24 iy L2851 2a (charged multivesicular body protein 2a)
8  CHMP2B iy 2R 8 1 2b (charged multivesicular body protein 2b)
9  CHMP3 W ZEARE T 3 (charged multivesicular body protein 3)
10  CHMP4A4 iy L 2R 8 1 4a (charged multivesicular body protein 4a)
11 CHMP4B iy L Z R 8 1 4b (charged multivesicular body protein 4b)
12 CHMP4C iy L Z R 8 1 4c (charged multivesicular body protein 4¢)
13 CHMP6 A Z RS 6 (charged multivesicular body protein 6)
14 CHMP7 A Z RS 7 (charged multivesicular body protein 7)
15 CYCS MR C (cytochrome C)
16  ELANE o 2 e 4 25 S (neutrophil elastase)
17  GSDMD #5L% D (gasdermin D)
18  GSDME #5.% E (gasdermin E)
19  GZMB Hif B (granzyme B)
20 HMGBI iR R FHEE B1 (high mobility group protein B1 )
21 ILIS8 FI4hffi /% -18 (interleukin-18)
22 ILIA H4MEA2-1a (interleukin-1alpha)
23 ILIB H4mf /- 2-1B (interleukin-1beta)
24 IRFI FIZEMET 1 (interferon regulatory factor 1)
25  IRF2 FHIZ T 2 (interferon regulatory factor 2)
26  TP53 40 f R P pS3 (cellular tumor antigen p53)
27 TP63 JHJR B 63 (tumor protein 63)
28 AIM2 TMEFFEA AIM2 (interferon-inducible protein AIM2)
29  CASP6 Pt 2 B R A4 2 ER-6 (Caspase-6)
30 CASPS Pt 2 B R A4 2 BR -8 (Caspase-8)
31 CASPY Pt B R A4 2B AF-9 (Caspase-9)
32 GPX4 Wi S E A B H Ik LB (phospholipid hydroperoxide glutathione peroxidase)
33 GSDMA LR A (gasdermin A)
34  GSDMB L& B (gasdermin B)
35  GSDMC L2 C (gasdermin C)
36 IL6 A% 6 (interleukin-6)
37  NLRC4 # NLR % CARD 3 & 1 4 (NLR family CARD domain-containing protein 4)
38  NLRPI AR A R GRS /R % [ 1 (NACHT, LRR and PYD domains-containing protein 1)
39  NLRP? IR A R GRS /R [ 2 (NACHT, LRR and PYD domains-containing protein 2)
40  NLRP3 IR A R GRS R%K [ 3 (NACHT, LRR and PYD domains-containing protein 3)
41  NLRP6 IR A R GRS /A% [ 6 (NACHT, LRR and PYD domains-containing protein 6)
42  NLRP7 IR A R GEIEFE 2R [ 7 (NACHT, LRR and PYD domains-containing protein 7)
43  NODI IR A R EMIBEEN 1 (nucleotide-binding oligomerization domain-containing protein 1)
44  NOD2 IR A R GEMIEE N 2 (nucleotide-binding oligomerization domain-containing protein 2)
45 PJIK pejvakin
46  PLCGI |- AR VLEE 4,5- — BEERTRER 8 y-1 (1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase gamma-1)
47  PRKACA cAMP & fi M4 2x FT(1L TP 3E o (cAMP-dependent protein kinase catalytic subunit alpha)
48  PYCARD & CARD HIFIT-AHISPE S AE S H (apoptosis-associated speck-like protein containing a CARD )
49  SCAFI1I oA RR BT T 2 #HEAEHEA 11 (Serine/arginine-rich splicing factor 2-interacting
protein 11)
50 TIRAP ZARGENIE 2R (Toll/interleukin-1 receptor domain-containing adapter protein Toll/interleukin-1)
51 TNF R ¥R FER T (tumor necrosis factor)

52 GZMA WikilE A (granzyme A)
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Fig. 1 Diagram of mutation analysis and copy number variation analysis of pyroptosis genes in breast cancer
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Table 2 Survival analysis of pyroptosis genes
A HR P{A [ HR PiH
BAK1 1.086 233 416 0.087 484 657 AIM?2 0.931 151 062 0.066 065 479
BAX 0.970 691 354 0.105 234 434 CASP6 0.910 201 293 0.084 018 105
CASP1 0.896 254 879 0.010 444 668 CASPS 0.818 232 047 0.005 053 259
CASP3 1.067 483 840 0.158 124 658 CASP9 0.697 598 354 0.002 007 942
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A-violin plot of tumor microenvironment differential analysis in group of high and low risk B-waterfall chart of gene mutation frequency in low-risk
group C-waterfall chart of gene mutation frequency in high-risk group D-box plot of tumor mutation burden differential analysis in groups of high and
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Fig. 8 Results of tumor microenvironment analysis, tumor mutation burden analysis, and stem cell analysis
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Table 3 Related ingredients of 18 pyroptosis genes

MOLID oy OB/% DL MOLID WS OB/% DL
MOLO006821  (—)-epigallocatechin-3-gallate ~ 55.09 0.77 | MOL003187 triptolide 51.29 0.68
MOLO009135 ellipticine 30.82 0.28 | MOL005944 matrine 63.77 0.25
MOLO000422 kaempferol 41.88 0.24 | MOL007154 tanshinone iia 49.89 0.40
MOLO010616  eckol 87.06 0.63 MOL002773 B-carotene 37.18 0.58
MOLO000358  B-sitosterol 36.91 0.75 | MOL002928 oroxylin A 41.37 0.23
MOLO005828 nobiletin 61.67 0.52 | MOL001592 piperine 42.52 0.23
MOLO013179 fisetin 52.60 0.24 | MOL001714 podophyllotoxin 59.94 0.86
MOL000471 aloe-emodin 83.38 0.24 | MOL005916 irisolidone 37.78 0.30
MOLO001689  acacetin 34.97 0.24 | MOL000546 diosgenin 80.88 0.81
MOLO002714  baicalein 33.52 0.21 MOL012920 sinomenine 30.98 0.46
MOLO009593  verticinone 60.07 0.67 | MOL001924 paeoniflorin 53.87 0.79
MOL000173  wogonin 30.68 0.23 MOL003627 sophocarpine 64.26 0.25
MOLO005344  ginsenoside Rh2 36.32 0.56 | MOL003680 sophoridine 60.07 0.25
MOLO000098  quercetin 46.43 0.28 | MOL013079 dl-praeruptorin A 46.46 0.53
MOLO004328 naringenin 59.29 0.21 | MOL004575 astilbin 36.46 0.74
MOLO000006 luteolin 36.16 0.25 MOL002662 rutaecarpine 40.30 0.60
MOLO001439 arachidonic acid 45.57 0.20 | MOL002322 isovitexin 31.29 0.72
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