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Network pharmacology-based mechanism study of Qingyi Huaji recipe in treating pancreatic cancer

XIE Jing, CHENG Jian-shan, ZHU Xiao-yan, LIU Lu-ming, SONG Li-bin, MENG Zhi-giang"
Department of Integrated Chinese and Western Medicine, Fudan University Shanghai Cancer Center, Shanghai 200032, China

[Abstract] Objective To predict the target of the main components of Qingyi Huaji recipe (QYHJ) through network
pharmacology investigations, and to explore its mechanism in treating pancreatic cancer. Methods The Bioinformatics
Analysis Tool for Molecular Mechanism of Traditional Chinese Medicine (BATMAN-TCM) database was used to identify
the major effective components of QYHJ and their target genes. The xenograft model of pancreatic cancer was established in
nude mice, and they were divided into QYHJ-treated group and control group. The tumor tissues of nude mice were sequenced
to screen the differentially expressed genes. The target genes were screened by Venn analysis, and the Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway analyses were performed to identify the related pathways; then the regulatory
mechanism network of QYHJ in treating pancreatic cancer was constructed. The protein-protein interaction network was
obtained from the STRING database, and Gene Expression Profiling Interactive Analysis (GEPIA) was used to evaluate
the relationship between the key genes and the prognosis of pancreatic cancer. Results A total of 149 potential active
components and 963 predicted targets were obtained. Gene sequencing of pancreatic cancer tissues of nude mice (QYHJ-
treated group vs control group) showed 6 039 differentially expressed genes. Venn analysis showed 248 potential targets and
KEGG pathway enrichment analyses found that the mechanism of QYHJ in treating pancreatic cancer might involve mitogen-
activated protein kinase (MAPK), forkhead box O (FoxO), cyclic adenosine monophosphate (cAMP), cyclic guanosine
monophosphate-dependent protein kinase or protein kinase G (cGMP-PKQG) and other signaling pathways. Compared with
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the control group, the OYHJ-treated group showed suppressed MAP2K1 (MEK1), MAPK3 (ERK), MAP2K3 (MKK3), and

MAPK13 (p38) expressions. GEPIA results showed that the high expression levels of MAP2K1 (MEK1), MAPK3 (ERK),

MAP2K3 (MKK3) and MAPK13 (p38) were related to the poor prognosis of pancreatic cancer patients. Conclusion The

mechanism of QYHJ in treating pancreatic cancer may be related to MAPK signaling pathways. MAP2K1 (MEK 1), MAPK3

(ERK), MAP2K3 (MKK3) and MAPK13 (p38) may be potential prognostic factors of QYHJ for treating pancreatic cancer.
[Key words] network pharmacology; pancreatic neoplasms; Qingyi Huaji recipe; MAPK signaling pathway
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Fig1 KEGG pathway analysis of target genes of Qingyi Huaji recipe

S
S

KEGG: Kyoto Encyclopedia of Genes and Genomes; AMPK: Adenosine monophosphate-activated protein kinase; MAPK: Mitogen-
activated protein kinase; FoxO: Forkhead box O; cAMP: Cyclic adenosine monophosphate; cGMP: Cyclic guanosine monophosphate;
PKG: Protein kinase G; HIF-1: Hypoxia-inducible factor 1; ErbB: Erb-b2 receptor tyrosine kinase; TNF: Tumor necrosis factor;
VEGF: Vascular endothelial growth factor; TCA: Tricarboxylic acid
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Fig2 Effects of QYHJ on growth of xenograft tumor in mice

A: Tumor growth rate. Day 0: The day of tumor injection. Day 10: The last day of intervention. B: Tumor specimens dissected after

10 days of intervention on Day 11. QYHJ: Qingyi Huaji recipe; H: High-dose; M: Medium-dose; L: Low-dose. ~P<<0.01 vs control
group. n=8,x=%s
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Fig 3 Screening differentially expressed genes of QYHJ (L) and QYHJ (H) groups
A: PCA chart of the control group, QYHJ (L) group and QYHJ (H) group; B: Venn diagram of differentially expressed genes between
QYHJ (L) group and QYHJ (H) group; C: MA chart of QYHJ (L) group; D: Heat map of QYHJ (L) group; E: MA chart of QYHJ (H)
group; F: Heat map of QYHJ (H) group. QYHJ: Qingyi Huaji recipe; H: High-dose; L: Low-dose; PCA: Principal component analysis;
PC: Principal component; MA: M-versus-A plot
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Tab 1 Signaling pathways of common differentially expressed genes in QYHJ (L) and QYHJ (H) groups
1D Term ListHits (QYHJ[L]vs control)  ListHits (QYHJ[H]vs control)
hsa04152 AMPK signaling pathway 27 57
hsa04371 Apelin signaling pathway 21 51
hsa04020 Calcium signaling pathway 13 41
hsa04024 cAMP signaling pathway 27 52
hsa04022 c¢GMP-PKG signaling pathway 23 49
hsa04012 ErbB signaling pathway 13 35
hsa04068 FoxO signaling pathway 30 56
hsa04340 Hedgehog signaling pathway 2 15
hsa04066 HIF-1 signaling pathway 17 39
hsa04390 Hippo signaling pathway 23 54
hsa04392 Hippo signaling pathway-multiple species 7 10
hsa04630 Jak-STAT signaling pathway 16 37
hsa04010 MAPK signaling pathway 49 106
hsa04150 mTOR signaling pathway 25 62
hsa04064 NF-kB signaling pathway 16 36
hsa04330 Notch signaling pathway 12 24
hsa04070 Phosphatidylinositol signaling system 19 51
hsa04072 Phospholipase D signaling pathway 14 48
hsa04151 PI3K-Akt signaling pathway 40 99
hsa04015 Rapl signaling pathway 29 71
hsa04014 Ras signaling pathway 25 65
hsa04071 Sphingolipid signaling pathway 23 59
hsa04350 TGF-f signaling pathway 14 30
hsa04668 TNF signaling pathway 21 45
hsa04370 VEGF signaling pathway 11 32
hsa04310 Whnt signaling pathway 17 50

QYHJ: Qingyi Huaji recipe; L: Low-dose; H: High-dose; AMPK: Adenosine monophosphate-activated protein kinase; cAMP:

Cyclic adenosine monophosphate; cGMP: Cyclic guanosine monophosphate; PKG: Protein kinase G; ErbB: Erb-b2 receptor tyrosine

kinase; FoxO: Forkhead box O; HIF-1: Hypoxia-inducible factor 1; Jak: Janus kinase; STAT: Signal transducer and activator of

transcription; MAPK: Mitogen-activated protein kinase; mTOR: Mammalian target of rapamycin; NF-kB: Nuclear factor kB; PI3K:

Phosphoinositide 3 kinase; Akt: Protein kinase B; TGF-3: Transforming growth factor §; TNF: Tumor necrosis factor; VEGF: Vascular

endothelial growth factor
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Fig 4 PPI analysis of differentially expressed genes related to MAPK signaling pathways
A: Qingyi Huaji recipe low-dose group; B: Qingyi Huaji recipe high-dose group. Blue represents downregulated genes, red represents

upregulated genes, circles represent the size and degree. MAPK: Mitogen-activated protein kinase; PPI: Protein-protein interaction
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Fig5 Expression of key genes of ERK1/2 and p38 MAPK signaling pathways in pancreatic cancer and paracancerous samples
ERK: Extracellular-regulated protein kinase; p38 MAPK: p38 mitogen-activated protein kinase; MAP2K1 (MEK1): Mitogen-
activated protein kinase kinase 1; MAPK3 (ERK): Mitogen-activated protein kinase 3; MAP2K3 (MKK3): Mitogen-activated protein
kinase kinase 3; MAPK 13 (p38): Mitogen-activated protein kinase 13. "P<<0.05
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Fig 6 Relationship between key genes of ERK1/2 and p38 MAPK signaling pathways and prognosis of pancreatic cancer patients
ERK: Extracellular regulated protein kinase; p38 MAPK: p38 mitogen-activated protein kinase; MAP2K1 (MEK1): Mitogen-
activated protein kinase kinase 1; MAPK3 (ERK): Mitogen-activated protein kinase 3; MAP2K3 (MKK3): Mitogen-activated protein
kinase kinase 3; MAPK13 (p38): Mitogen-activated protein kinase 13
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