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Network pharmacology and bioinformatics analysis of the

mechanism of kaempferol in the treatment of breast cancer and

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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Figure 2 Kaempferol-target interaction network
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Figure 3 PPI network of kaempferol targets in the treatment of breast cancer
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Table 2 Core targets and their degree values

HE# A JEAH
1 Aktl 39
2 Bel2 31
3 CASP3 29
4 ESRI 23
5 AR 18
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Figure 4 GO analysis
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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

e 4543 B (keal/mol ) SHAREAE

Aktl -5.8 LYS-39 ARG-41 .GLN-47
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ESR1 -9.1 HIS-524

AR -8.5 GLY-683.VAL-685 .GLN-711
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Figure 7 LASSO-Cox prognostic regression to select risk variables A: LASSO-Cox regression results; B: Cross-validation
graph

N T oA TR AR B 2 5 R BE VTR ] AR
PR BIENFRIBZ MR FR, 2 T KR 2k
JRURS: AR A A L (&1 10) 7S 4k PR Y 2 3k 4

o U

Cumulative hazard
4
3

o
=3

0 5 10 15 20 25

& B ) . B KR B4 B TH G 28 08 ]

| | AR . TR M I % ik A R, B Bel2,

vy | CYPIBI. GSTMI. GSTM2. PTGS2 # ik, f#

e mnotrs i [ A e 3 4 7 WF W IS . B 7 DPP4. MMPI

oo NCOA2 ., NOS2. NRI1I3 By k3G An, &35 09 KU I
O3 T

B8 IERESRASREHAETHE
Figure 8 Survival curves of breast cancer patients in high-
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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

3 i #

Ly 2% M A Sy — R AR B R 254k A 1, wT LA
A% B 55 9 E A OGOk R RIS By, 0 A0 i R A
AN . AR T BEAE . RS R A AR
SR KBNS R R R N 7oA 2 W B ]
P8 T B A0 i FLORR 95 A0 R A BB RN IR 28 5 2 R ik
FEVRAEAE I, LR B IR IT B AL T R LB
W 45 25 B 24 08 B F 20 ) R 45 2 B AR N AR ) o
%ﬁ%#ﬁ%%%%ﬂ%ﬁ%,ﬁiﬁa&%m
T4 9 — ik R L 1) 245 0 ) 45 ) A A N T AR G
%M#LT%IMBPCT&W?KH;*%ﬁﬁ
ik T WA ﬁmﬁﬁﬁ*E%&WMhﬁL
BRI A 5 R 4% 2 B2 O vk, 3RS
55 LM 1 55 A AS AR ﬁﬁﬁm&%ﬁ %ﬂ
FEAH 8 KR AY HE 5 L A . Aktl, Bel2, CASP3,
ESR1. AR. Qin ZEF% B 11y 45 iy nT 3 i< #0 ) PI3K/
AhL%Mﬁ@ﬁ%%ikﬁ%@om«m%mﬁ
%M%%ﬁﬂ%ﬂﬂthﬁvﬁ%ﬁMW%ﬁ%
Ji %t AT B UM o Da SEUA R B 2% 7 = K
%ﬁﬁﬁ%%:ﬁ%%%%%A&%Lﬁ&%%M
T 410+ 95 2 SRR T 0 R A A K . Y AR R
PR 1L 2% By 0T BEGE LT R P E T8 A Bel2 Rk A

AR 4 T 1 Bax 3R KA 1) MCF-7 71 1 9 240 Jd fr) 4
o b T IR ACHL T Ll 2R iR T FLIR R R A )
FOREMAS T, AWML T GO M KEGG &
L. GOMIRM, Sz 7r MM A7 2
AE 32 2 AL 45 X POl Ry BB L R RS R L X
SEA I IR RLBE L AR R A 2 O BV A
KBy CCALFRBERLIX | B . Bk EaY .
WML S, RS w5, WA MF £ 54
5 DNA 25 5 56 s I 245 45 . RNA R & il 1045 7 1
DNA 45 & 5 5kl 45 &5 % . KEGG il i & 5 73 B 3k
B, I ZE MRy T LR T A e 2 Ak, EE A
175 Al 2 B8 — 0 PR AU S B W PR O RE Y
AGE-RAGE {5 ‘F i@ i . TNF {5 5 id . IL-17 {5 51
%45 O Calderdn-Montafio Z5UHIF 5T & B0 1L 25 B 15 =
JE R g S A i R Rk, TRV BT T R R AR
(OH) M Hy 5 K FOTAH AR F 1 JE o Zeng IR SY
S AL 2% By ] DA i /0 B B R TR ARG MR 2 i
95 M4 (reactive oxygen species , ROS) ®r= 44,
JF3 3 ROS-PAD4 il 5 9 /b FL AR i O 6 7% 0 ik T
SR, f5 Il R B 5O HE R Akl Bel2,
CASP3 . ESR1. AR 5lEAT o0 T X 80k . 7
AR BRI R 5OCHIE S BEA LRSS .
Horp 5 ESR1 45 & RO B, #8025l 5 OGB4

http://www.zpwz.net



1864 W E AR A

33 &

MR EWE M, #F—PE T I A
1y Bl 3 A OG B0 5 & HE IR T FLIR AR .

AN, SRR L2 B i6 T 6 3L 9 TS 52
M, 5 A LASSO-Cox 1] 5 43 B7 44 £ 1 5 A7 AU 3% 43
) LASSO-Cox T J [R1 A AU 38 5o i 452 L AR 45 A
9 XU 7 43 AU AR AR, 3 v KU 20 1 OS %
B AR F AR 41, %A A ] T 21T I R IG T
TR A PR K TR AS43 0 XE 10 A4 BUS 3 R kAT S
IPHE, 454275 Bel2. CYPIB1. GSTMI1. GSTM2.
PTGS2 7] G J2& FL I g W s m 4R 4 R &R, 1 MMPL .
NCOA2 . NOS2. NRII3 7] i f& FL 98 5 1) fe B A
£, B AN DPP4 2 2L IR TS 52 & .
1 Spearman A & P 2 M K& BLXUES OF 40 5 T 40 L
CD8* T4l . HEFEAMS S AN . NK4iffd . B 40
RIXBAMKEXER, 5B WG R E 2 IE
MAEKFR, ZRHHEEH %8 X, ZBER ]
T8 T 06 K 1 26T o

ik, IWEBET RS ZHEEE
PEIGIT LRI VE . AR 4 LASSO-Cox i 5 [] I 455 74
AT T 10T M I, FFER T W5 15 5
G RE M A M, XS F ST A BY T I K IR 9T O
S E 20 L AR AR B A R

(A 58 A7 78 — 22 09 Jy BR Ak« AN BF 9 A A K
Pt 2% 1L 2% W 3 9 LR R L R TS AT T B
I8, FEAR YRR B R A R R T A AR R R 2
NIRRT A R AR, HoB = E— 2 A ik
AR SZ B0 0 o HUK, R 456 TE 30 % 1 $E bR ]
RERM S IEARMIE P . BLAh, 02T W4 24 B 2 Ty
2 5 1 HE O P AE B 4 I R R G P S ) i R
BEI MR LR, R Y, E5K
B TR RS OB L (2 R A B Oy s 2 A8
PEEIEATIAE, WM FT A iR 2E, IR — 1k
AN X L AS YT FLARAE DL A TR 5T

MBI R FIAEENFENRALRN BT R,

EATHREN: BFEXATBREAL; MEFR,
K4, BERFTRBREAEE,; HER, HET.
5 9T B AT BB AR F AR LSO, #
BB 2R TR,

S % Uk

[1] Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024[J]. CA
Cancer J Clin, 2024, 74(1):12-49. doi:10.3322/caac.21820.

http://www.zpwz.net

[2] Arnold M, Morgan E, Rumgay H, et al. Current and future burden
of breast cancer: global statistics for 2020 and 2040[J]. Breast,
2022, 66:15-23. doi:10.1016/j.breast.2022.08.010.

[3] BEkIR, Bhsa T, Sib=2, 45 B SET A OC KL A PDHA 5 FLIR

M TBUR OG22 ) 2R 1 (it el (0] v el 38 3 AR 2k, 2022, 31
(11):1471-1482. doi:10.7659/.issn.1005-6947.2022.11.009.
Yang QY, Yi JN, Guo ML, et al. Relationship between cuproptosis
related gene PDHA1 and prognosis of breast cancer and its
nomogram construction[J]. China Journal of General Surgery,
2022, 31(11): 1471-1482. doi: 10.7659/j. issn. 1005-
6947.2022.11.009.

[4] Xu B, Hu X, Jiang Z, et al. National consensus in China on
diagnosis and treatment of patients with advanced breast cancer[J].
Ann Transl Med, 2015, 3(17): 242. doi: 10.3978/j. issn. 2305—
5839.2015.09.47.

[5] Chaffer CL, Weinberg RA. A perspective on cancer cell
metastasis[J]. Science, 2011, 331(6024): 1559-1564. doi: 10.1126/
science.1203543.

[6] Barzaman K, Karami J, Zarei Z, et al. Breast cancer: biology,
biomarkers, and treatments[J]. Int Immunopharmacol, 2020, 84:
106535. doi:10.1016/j.intimp.2020.106535.

[7] Lee YW, Chen TL, Shih YR, et al. Adjunctive traditional Chinese
medicine therapy improves survival in patients with advanced
breast cancer: a population-based study[J]. Cancer, 2014, 120(9):
1338-1344. doi:10.1002/cncr.28579.

[8] Periferakis A, Periferakis K, Badarau IA, et al. Kaempferol:
antimicrobial ~properties, sources, clinical, and traditional
applications[J]. Int J Mol Sci, 2022, 23(23): 15054. doi: 10.3390/
ijms232315054.

[9] LiH, Ji HS, Kang JH, et al. Soy leaf extract containing kaempferol
glycosides and pheophorbides improves glucose homeostasis by
enhancing pancreatic 3-cell function and suppressing hepatic lipid
accumulation in db/db mice[J]. J Agric Food Chem, 2015, 63(32):
7198-7210. doi:10.1021/acs.jafc.5b01639.

[10] Sharifi-Rad M, Fokou PVT, Sharopov F, et al. Antiulcer agents:
from plant extracts to phytochemicals in healing promotion[J].
Molecules, 2018, 23(7):1751. doi:10.3390/molecules23071751.

[11] Shanmugam MK, Lee JH, Chai EZ, et al. Cancer prevention and
therapy through the modulation of transcription factors by bioactive
natural compounds[J]. Semin Cancer Biol, 2016, 40/41:35-47. doi:
10.1016/j.semcancer.2016.03.005.

[12] Shanmugam MK, Kannaiyan R, Sethi G. Targeting cell signaling
and apoptotic pathways by dietary agents: role in the prevention
and treatment of cancer[J]. Nutr Cancer, 2011, 63(2):161-173. doi:
10.1080/01635581.2011.523502.

[13] van Ginkel PR, Yan MB, Bhattacharya S, et al. Natural products
induce a G protein-mediated calcium pathway activating p53 in
cancer cells[J]. Toxicol Appl Pharmacol, 2015, 288(3): 453-462.
doi:10.1016/j.taap.2015.08.016.

[14] Rajendran P, Rengarajan T, Nandakumar N, et al. Kaempferol, a


http://dx.doi.org/10.3322/caac.21820
http://dx.doi.org/10.1016/j.breast.2022.08.010
http://dx.doi.org/10.7659/j.issn.1005-6947.2022.11.009
http://dx.doi.org/10.7659/j.issn.1005-6947.2022.11.009
http://dx.doi.org/10.7659/j.issn.1005-6947.2022.11.009
http://dx.doi.org/10.3978/j.issn.2305-5839.2015.09.47
http://dx.doi.org/10.3978/j.issn.2305-5839.2015.09.47
http://dx.doi.org/10.1126/science.1203543
http://dx.doi.org/10.1126/science.1203543
http://dx.doi.org/10.1016/j.intimp.2020.106535
http://dx.doi.org/10.1002/cncr.28579
http://dx.doi.org/10.3390/ijms232315054
http://dx.doi.org/10.3390/ijms232315054
http://dx.doi.org/10.1021/acs.jafc.5b01639
http://dx.doi.org/10.3390/molecules23071751
http://dx.doi.org/10.1016/j.semcancer.2016.03.005
http://dx.doi.org/10.1016/j.semcancer.2016.03.005
http://dx.doi.org/10.1080/01635581.2011.523502
http://dx.doi.org/10.1080/01635581.2011.523502
http://dx.doi.org/10.1016/j.taap.2015.08.016

5 11 3]

HER F W ERBFARENFSNEAEFES EMELFM 1865

potential cytostatic and cure for inflammatory disorders[J]. Eur J
Med Chem, 2014, 86:103-112. doi:10.1016/j.ejmech.2014.08.011.

[15] Chen AY, Chen YC. A review of the dietary flavonoid, kaempferol
on human health and cancer chemoprevention[J]. Food Chem,
2013, 138(4):2099-2107. doi:10.1016/j.foodchem.2012.11.139.

[16] Imran M, Salehi B, Sharifi-Rad J, et al. Kaempferol: a key
emphasis to its anticancer potential[J]. Molecules, 2019, 24(12):
2277. doi:10.3390/molecules24122277.

[17] Kim SH, Hwang KA, Choi KC. Treatment with kaempferol
suppresses breast cancer cell growth caused by estrogen and
triclosan in cellular and xenograft breast cancer models[J]. J Nutr
Biochem, 2016, 28:70-82. doi:10.1016/j.jnutbio.2015.09.027.

[18] Zhu Q, Han Y, He Y, et al. Kaempferol improves breast cancer-
related depression through the COX-2/PGE2 pathway[J]. Front
Biosci, 2023, 28(11):311. doi:10.31083/j.fb12811311.

[19] Zhang GB, Li QY, Chen QL, et al. Network pharmacology: a new
approach for Chinese herbal medicine research[J]. Evid Based
Complement Alternat Med, 2013, 2013:621423. doi: 10.1155/2013/
621423.

[20] Fang S, Dong L, Liu L, et al. HERB: a high-throughput
experiment- and reference-guided database of traditional Chinese
medicine[J]. Nucleic Acids Res, 2021, 49(D1):D1197-D1206. doi:
10.1093/nar/gkaal 063.

[21] Yu G, Wang LG, Han Y, et al. clusterProfiler: an R package for
comparing biological themes among gene clusters[J]. OMICS,
2012, 16(5):284-287. doi:10.1089/0mi.2011.0118.

[22] Gui J, Li H. Penalized Cox regression analysis in the high-
dimensional and low-sample size settings, with applications to
microarray gene expression data[J]. Bioinformatics, 2005, 21(13):
3001-3008. doi:10.1093/bioinformatics/bti422.

[23] Schober P, Boer C, Schwarte LA. Correlation coefficients:
appropriate use and interpretation[J]. Anesth Analg, 2018, 126(5):
1763-1768. doi:10.1213/ANE.0000000000002864.

[24] BI04, Bl BERAT, 38 JE T MM R 2 -0 S
£ AT )5 SR G g O P A AL D). B Tl R,
2023, 44(8):392-404. doi:10.13386/j.issn11002-0306.2022060329.
Wu WX, Duan ZH, Xue LX, et al. Immunity Enhancement Activity
and Mechanism of Ganoderma lucidum-Panax quiquefolium L. -
Cordyceps sinensis ~ compound  Based on  Network
Pharmacology[J]. Science and Technology of Food Industry, 2023,
44(8):392-404. doi:10.13386/j.issn1002-0306.2022060329.

[25] Duan H, Khan GJ, Shang LJ, et al. Computational pharmacology
and bioinformatics to explore the potential mechanism of
Schisandra against atherosclerosis[J]. Food Chem Toxicol, 2021,
150:112058. doi:10.1016/j.fct.2021.112058.

[26] Qattan MY, Khan MI, Alharbi SH, et al. Therapeutic importance of
kaempferol in the treatment of cancer through the modulation of
cell signalling pathways[J]. Molecules, 2022, 27(24): 8864. doi:
10.3390/molecules27248864.

[27] Wang X, Yang Y, An Y, et al. The mechanism of anticancer action

and potential clinical use of kaempferol in the treatment of breast
cancer[J]. Biomed Pharmacother, 2019, 117:109086. doi: 10.1016/].
biopha.2019.109086.

[28] Khairy A, Ghareeb DA, Celik I, et al. Forecasting of potential anti-
inflammatory targets of some immunomodulatory plants and their
constituents using in vitro, molecular docking and network
pharmacology-based analysis[J]. Sci Rep, 2023, 13(1): 9539. doi:
10.1038/s41598-023-36540-3.

[29] Xie X, Wang Y, Chen S, et al. Network pharmacology and
molecular docking of endogenous active metabolites in diabetic
kidney disease[J]. Ren Fail, 2023, 45(2): 2290927. doi: 10.1080/
0886022X.2023.2290927.

[30] Qin YY, Cui W, Yang XW, et al. Kaempferol inhibits the growth
and metastasis of cholangiocarcinoma in vitro and in vivo[J]. Acta
Biochim Biophys Sin (Shanghai), 2016, 48(3): 238-245. doi:
10.1093/abbs/gmv133.

[31] El-Kott AF, Shati AA, Al-Kahtani MA, et al. Kaempferol induces
cell death in A2780 ovarian cancer cells and increases their
sensitivity to cisplatin by activation of cytotoxic endoplasmic
reticulum-mediated autophagy and inhibition of protein kinase
B[J]. Folia Biol (Praha), 2020, 66(1):36—-46.

[32] Da J, Xu M, Wang Y, et al. Kaempferol promotes apoptosis while
inhibiting cell proliferation via androgen-dependent pathway and
suppressing vasculogenic mimicry and invasion in prostate
cancer[J]. Anal Cell Pathol (Amst), 2019, 2019: 1907698. doi:
10.1155/2019/1907698.

[33] Yi X, Zuo J, Tan C, et al. Kaempferol, a flavonoid compound from
gynura medica induced apoptosis and growth inhibition in mcf-7
breast cancer cell[J]. Afr J Tradit Complement Altern Med, 2016, 13
(4):210-215. doi:10.21010/ajtcam.v13i4.27.

[34] Calderon-Montafio JM, Burgos-Moron E, Pérez-Guerrero C, et al.
A review on the dietary flavonoid kaempferol[J]. Mini Rev Med
Chem, 2011, 11(4):298-344. doi:10.2174/138955711795305335.

[35] Zeng J, Xu H, Fan PZ, et al. Kaempferol blocks neutrophil
extracellular traps formation and reduces tumour metastasis by
inhibiting ROS-PAD4 pathway[J]. J Cell Mol Med, 2020, 24(13):
7590-7599. doi:10.1111/jemm.15394.

(A% RiE)

ARSI AR HER, B T, IR, &5 IZRIG Y FFLIREHLS]
A 160 £ 24 2023 5 A 5 8.2 43 Bt S AR DG TS AR AR e ). i )
3w AR ZR 5, 2024, 33(11): 1854-1865. doi: 10.7659/j.issn. 1005~
6947.2024.11.012

Cite this article as: Xiao ML, Yi JN, Yang XC, et al. Network
pharmacology and bioinformatics analysis of the mechanism of
kaempferol in the treatment of breast cancer and construction of a
mechanism-related prognostic model[J]. Chin J Gen Surg, 2024, 33
(11):1854-1865. doi: 10.7659/j.issn.1005-6947.2024.11.012

http://www.zpwz.net


http://dx.doi.org/10.1016/j.ejmech.2014.08.011
http://dx.doi.org/10.1016/j.foodchem.2012.11.139
http://dx.doi.org/10.3390/molecules24122277
http://dx.doi.org/10.1016/j.jnutbio.2015.09.027
http://dx.doi.org/10.31083/j.fbl2811311
http://dx.doi.org/10.1155/2013/621423
http://dx.doi.org/10.1155/2013/621423
http://dx.doi.org/10.1093/nar/gkaa1063
http://dx.doi.org/10.1093/nar/gkaa1063
http://dx.doi.org/10.1089/omi.2011.0118
http://dx.doi.org/10.1093/bioinformatics/bti422
http://dx.doi.org/10.1213/ANE.0000000000002864
http://dx.doi.org/10.13386/j.issn1002-0306.2022060329
http://dx.doi.org/10.13386/j.issn1002-0306.2022060329
http://dx.doi.org/10.1016/j.fct.2021.112058
http://dx.doi.org/10.3390/molecules27248864
http://dx.doi.org/10.3390/molecules27248864
http://dx.doi.org/10.1016/j.biopha.2019.109086
http://dx.doi.org/10.1016/j.biopha.2019.109086
http://dx.doi.org/10.1038/s41598-023-36540-3
http://dx.doi.org/10.1038/s41598-023-36540-3
http://dx.doi.org/10.1080/0886022X.2023.2290927
http://dx.doi.org/10.1080/0886022X.2023.2290927
http://dx.doi.org/10.1093/abbs/gmv133
http://dx.doi.org/10.1093/abbs/gmv133
http://dx.doi.org/10.1155/2019/1907698
http://dx.doi.org/10.1155/2019/1907698
http://dx.doi.org/10.21010/ajtcam.v13i4.27
http://dx.doi.org/10.2174/138955711795305335
http://dx.doi.org/10.1111/jcmm.15394
https://dx.doi.org/10.7659/j.issn.1005-6947.2024.11.012
https://dx.doi.org/10.7659/j.issn.1005-6947.2024.11.012
http://dx.doi.org/10.7659/j.issn.1005-6947.2024.11.012

