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construction of a mechanism-related prognostic model
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Abstract

Background and Aims: Kaempferol is a natural flavonoid compound that can regulate various
processes and activities associated with cancer, such as the cell cycle, oxidative stress, apoptosis,
proliferation, metastasis, and angiogenesis. Its potential for treating breast cancer has been validated in
some studies, but its mechanism of action remains unclear. Therefore, this study was conducted to
explore the potential targets and pathways of kaempferol in the treatment of breast cancer and establish
a prognostic model.

Methods: Using network pharmacology and bioinformatics approaches, the intersection targets of
kaempferol for the treatment of breast cancer were obtained from databases such as HERB, GeneCards,
STRING, PubChem, RCSB PDB, and TCGA. Protein interaction, GO analysis, and KEGG pathway
enrichment analysis were performed, followed by molecular docking for validation. Prognostic-related
genes were identified through LASSO-Cox regression analysis to establish a risk score model. The
prognostic analysis for each gene, and the correlation between risk score and immune infiltration were
analyzed.

Results: Network pharmacology analysis identified 55 intersection targets. Protein interaction analysis
revealed five potential key genes (Aktl, Bel2, CASP3, ESR1, AR). GO analysis showed that kaempferol
treatment of breast cancer involved 1 604 biological process entries, 20 cellular component entries, and
121 molecular function entries. KEGG pathway enrichment mainly included pathways related to
chemical carcinogenesis, reactive oxygen species signaling, AGE-RAGE signaling in diabetic
complications, TNF signaling, and IL-17 signaling. Molecular docking results indicated that kaempferol
had a strong affinity for key targets, with the best binding effect observed with ESR1 (-9.1 kcal/mol).
Ten prognostic genes (Bcl2, CYPIBI1, DPP4, GSTMI1, GSTM2, MMPI, NCOA2, NOS2, NRII3,
PTGS2) were obtained through LASSO-Cox regression analysis, and a risk score model was established.
The AUC of this model for predicting breast cancer patient prognosis was greater than 0.5. Single-gene
survival analysis indicated that higher expression of Bcl2 (HR=0.61, 95% CI=0.43-0.86, P=0.005),
CYPIBI1 (HR=0.68, 95% CI=0.49-0.94, P=0.022), GSTM1 (HR=0.68, 95% CI=0.47-0.98, P=0.037),
GSTM2 (HR=0.64, 95% CI=0.46-0.90, P=0.010), and PTGS2 (HR=0.62, 95% CI=0.44-0.86, P=0.005)
correlated with a higher overall survival (OS), while higher expression of MMP1 (HR=1.72, 95% CI=
1.22-2.41, P=0.002), NCOA2 (HR=1.71, 95% CI=1.12-2.60, P=0.013), NOS2 (HR=1.67, 95% CI=
1.20-2.32, P=0.002), and NR1I3 (HR=1.69, 95% CI=1.21-2.37, P=0.002) was associated with worse
OS. The risk score was negatively correlated with the infiltration of T cells, CD8" T cells, myeloid
dendritic cells, NK cells, and B cells, and positively correlated with monocyte/macrophage infiltration
(all P<0.05).

Conclusion: Kaempferol exerts therapeutic effects on breast cancer through multiple targets and

pathways. The prognostic genes identified based on its related targets, along with the established
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prognostic model, can guide clinical treatment of breast cancer. The correlation between the prognostic

model and immune infiltration provides direction for future experimental studies.
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Table 1 Clinical and survival information of 962 breast cancer patients from the TCGA database [n (%)]
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I 163(16.94) T3
1 559(58.11) T1 252(26.20)
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PEP) o P<0.05 R EF A FE L.

21 WIEM R FLBREEE R S AIIREL

fF HERB 7% B 21 % % 4l % rh L1 “Kaempferol ”
R AT R R, RIS M E AR AL i
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Figure 1 Venn chart of the overlapping of kaempferol and Ko e B A HE 4% T S A HE A D Akl . Bel2
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Figure 2 Kaempferol-target interaction network

GSTM2  CA2 XBH PRSS1 POLD1 NR1I3

SLPI  INSR Ngeséz AHR CHJ‘FK1 AKR1C3 —CYP1B1 HAS2
N b S e

GsTMT GsTRT N PTGS1  SLC2A4

B3  EEBEITELIREEE S PPl %

Figure 3 PPI network of kaempferol targets in the treatment of breast cancer

x2 BOBRRHEEE

Table 2 Core targets and their degree values

HE# A JEEAH
1 Aktl 39
2 Bel2 31
3 CASP3 29
4 ESR1 23
5 AR 18

http://www.zpwz.net



511 3]

HER F W ERBEFARENF S RNEAEFES ENELFM

1859

2.3 GOHHIMKEGGEBEEST

W L A1 5 7L BRI 0 55 A R LI T AR
HEAT GO 73 M M KEGG 3 #% & 5 73 M o 4745 GO 45 B
1753 %, H oAk (biological process ,
BP) 160445, ¥ FxtAh a0 sBE . KA
ITANIDS K= R AR €A VAN | IP O R A= I A G ) A
e A AL (cellular component, CC) 2% H 204,
W R B BRI ESY . HBEE
AW, BB EHEHE. 5 F U (molecular

function, MF) 45 H 1211, W KX DNA 4555 5 AN
T454 . RNA A B ILRE 5 M DNA 25 5 5% 5t Hl 125
B rHIBEBCBP, CC. MFRT 10704 H, 24l
GO s #r <l (15 4) . KEGG il % & 4E LK 15
141 (5 S i, AR PIETHFHES, T e w7 10 5%
faomp (FS5), Hol 2 miayr 20U 0 ol e
HH G 38 [ A0 5 Ak 2 08 — 0 M AU S B . OBER
955 I & 9E 9 AGE-RAGE {5 %53 B% . TNF {5 5 1@
B IL-17 15 5 38 BK 55 o

- . . DNA-binding transcription
response to xenobiotic stimulus { [ membrane microdomain [ gfa(tm }»ir{:ﬁng °
response 1o peptide membrane raft4 Py RNA pnlyvnera]gal’{-j)[]}::“li‘;; °
response to oxidative stress [ » transcription regulator complex [ ] » transcription factor binding °
ansferase ¢ cansferri oxidoreductase activity, acting on paired P
cellular response to chemical stress o de-13 lrd"hfﬁm'}:ﬁ complex. transferring | ° Se-04 donors, with iIl(Y()q)(!rdI¥4!n o Toducnion of ° 3e-08
3e-13 phosphorus-containing groups 2e-04 malecula oxygen tetrapyrrole binding 208
o . . ; : le—
response to oxygen levels [] le-13 protein kinase complex . le-04 heme binding ° c
“ounts
Counts. . . - N
response to decreased oxygen levels 0 (Counts plasma membrane rafi | ° 5 ligand-activated transcription . 58
012 nefthreoni X o5 factor activity S ?)
thythmi 0 14 serine/threonine protein o .
thythmic process ° 016 inase complex O‘; nuclear receptor activity ° : }‘l‘
. (OB o1 o2
response 10 tumor necrosis factor . caveola transeription coregulator binding .
oloenzyme complex monooxygenase activity
long-chain fatty acid metabolic process{ myelin sheathq transcription coactivator binding {«
020 025 030 005 010 015 020 0.125 0.150 0.175 0.200
GeneRatio A GeneRatio B GeneRatio C
5 f=y =9 =
B4 GOZ¥  A: BPUMAL; B: CCRMEL; C: MFAUA

Figure 4 GO analysis

Chemical carcinogenesis-reactive oxygenspecies

AGE-RAGE signaling pathway in diabetic complications -

A: BP bubble chart; B: CC bubble chart; C: MF bubble chart
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Figure 5 KEGG analysis
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Figure 6 Molecular docking of kaempferol to core targets
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Table 3 Molecular docking results of kaempferol with core targets

) 4543 A (keal/mol) AR

Aktl -5.8 LYS-39 ARG-41 .GLN-47

Bel2 -7.6 SER-64,ARG-65 ,ARG-66,ARG-68 SER-75
CASP3 -6.8 ASN-208 TRP-214 SER-251

ESR1 -9.1 HIS-524

AR -8.5 GLY-683.VAL-685 .GLN-711
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0.014 8 A iR 22 /N, LA N=0.014 8 17748 it fiff 1€ 3K
10T fE . Bel2, CYP1BI, DPP4, GSTMI .
GSTM2, MMP1. NCOA2, NOS2. NRII3. PTGS2.
W T e D] v 4 35 AT [0S 3R B0 A KU T 4 1K
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risk score= ( =0.058 9) Bel2+ (-0.035 9) PTGS2+
(-0.006 8) GSTMI+ (0.011 5) MMP1+ (-0.049 9)
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Figure 7 LASSO-Cox prognostic regression to select risk variables

A: LASSO-Cox regression results; B: Cross-validation
graph
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Figure 8 Survival curves of breast cancer patients in high-
risk and low-risk groups
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Figure 10 Risk curve, risk, and survival scatter plot
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Figure 9 ROC curve to validate the accuracy of the
prognostic regression model
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Figure 11 Heatmap of the expression of prognostic genes
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Figure 12 Relationship between single gene expression and breast cancer prognosis
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Figure 13 Scatter plot of the correlation between risk score and immune cell infiltration
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