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Abstract

Renal cell carcinoma (RCC) is a common malignant tumor in the urinary system, and it shows lim-
ited response to traditional treatment methods. Salidroside has significant anti-tumor effects,
which can inhibit the proliferation, migration, and metastasis of tumors and promote the apoptosis
of tumor cells through multiple pathways. However, there are few studies on the effects and mech-
anisms of salidroside on RCC. This study integrates salidroside and RCC-related targets through net-
work pharmacology, bioinformatics, and molecular docking to further analyze the potential targets
and pathways of. The results showed that salidroside shared 222 intersection targets with RCC.
Gene Ontology (GO) enrichment analysis was mainly related to protein phosphorylation, cytoplasm,
extracellular exosomes, histone H2AXY142 Kinase activity, etc., with 569 entries; Kyoto Encyclope-
dia of Genes and Genomes (KEGG) pathway enrichment analysis mainly included pathways in can-
cer and metabolic pathways, etc. The protein interaction network was constructed by STRING, and
the hub genes were screened by Cytoscape software. The top 5 hub genes were EGFR, CASP3, AKT1,
GAPDH, and SRC. The survival analysis showed that high expression of GAPDH and SRC was signifi-
cantly associated with shorter survival periods of RCC patients, while high expression of AKT1 was
significantly associated with longer survival periods. The molecular docking results showed that all
the top 5 hub genes spontaneously bound to salidroside. The study indicated that salidroside inhib-
ited RCC by regulating the expression of hub genes such as GAPDH, SRC, and AKT1, involving main
pathways such as the pathway in cancer and the metabolic pathway.
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Figure 1. Venn diagram of the intersection targets of salidroside and renal cell carcinoma
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Figure 2. Bar chart of GO enrichment analysis of intersection targets
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Figure 3. Bubble chart of KEGG enrichment analysis of intersection targets
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Figure 4. PPI diagram of intersection targets
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Figure 6. Survival analysis results of HUB genes and renal cell carcinoma
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AL R ORI B4 AT AT AL 7). B3R 5 MZOHE B4 S RE <5 kd/mol, $RsH:
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B RO AR T, BT R R E g REARRAE R AE RS AR R L T o
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Figure 7. Molecular docking results and visualization
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GAPDH (Glyceraldehyde-3-Phosphate Dehydrogenase, H i -3- 1 i it ) A2 A e e 14 11 IR Sk g
VT AR SRAAIE 55 2 45 iy 40 L Warburg 2808 [12], G i 238 T 58 o I8 248 e oot 46 260 B (0 B0, SRy 3 B 3R it 7
JEREE[13]. TEMRIZHAEL N GAPDH B IE M REAR ik B 42 28 C 4k, AT D7) U P8 240 B 1) 2 R Y
i ATP f= & T [ 50%LA I, iFME i d “ResEfail” mAtT:[14]. Brikz4t, GAPDH i Z kAL
AR G PR R B AL R4 5 IR M 2RI B R CAFFUIESE, JRARE — SRR I RE A G
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RN PR 242 AR [15]. HIF-1 {5 S i@ B 2 40 AR “ 4987 , fESVEIREET, BB HIF-L 2446
FHET 100 MEEFER 4F 2 DNA 751 L, AT SEEist 2 AR 2 ks el . EBEIER ST, HIF-
Lo FIFEE B AR B 40 Warburg 2508 S 4EFFERIEIG T 5 H R K2 O IR 2R . HIF-1a 5 HIF-18 455
TR TEVER TR AR, M — SR S R T R B A% N, e R PSS A B — R0 R
[ JE Bh T X3k, 3 BRI e 4 (R [ 3 s 04 [16]. GAPDH RE/Z HIF-1 () RHFSERE, X2 HIF-1a &
BRI 7o AWM R, LRI IS ] GAPDH %548 SR 2 N HIF-1a TR
T R T e G HE G (B0 45 GAPDH) 3R IE, R 0o 460 46 WE B A . FLBRAE L, IR0 IR B 2R AR AT S8 WP,
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Figure 8. The mechanism of salidroside inhibiting the HIF-1 pathway by blocking GAPDH, which affects the metabolic
reprogramming and inhibits the progression of renal cell carcinoma
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SRC (Steroid receptor coactivator, S [& B 52 A5 G K F) & Sre Kk & AP (Src-family kinases,
SFKS)HIAZ% o 71 » AF A R IEFE R, SRC Al JE T SRC-JAK-STAT3. SRC-Ras MAPK/ERK . SRC-PI3K-AKT-
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15, A3 M LT AR S IR o] R B R R B R B3 TNM 0 R S 82 81387 . MR & e 2%, H
AT AR RV AT, e B fa et — Dl A R AN B ) S AR S0 UF AKTL X B 4 p s . s m e
FERZ
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AWFFCEL K 2 EEE L AEE B TR AR TTE T 1AL R R B 9 A R R AT
P, AREIR, ARAEFIELITT GAPDH. SRC. AKTL %51k RAEMHI B Ha A, H 3 2hams
%R I T8 AL A T 45

SE

[1] Bray, F., Laversanne, M., Sung, H., Ferlay, J., Siegel, R.L., Soerjomataram, 1., et al. (2024) Global Cancer Statistics
2022: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer
Journal for Clinicians, 74, 229-263. https://doi.org/10.3322/caac.21834

[2] Gong, J., Maia, M.C., Dizman, N., Govindarajan, A. and Pal, S.K. (2016) Metastasis in Renal Cell Carcinoma: Biology
and Implications for Therapy. Asian Journal of Urology, 3, 286-292. https://doi.org/10.1016/j.ajur.2016.08.006

[3] Halfter, K., Staehler, M., Holzel, D., Crispin, A. and Schlesinger-Raab, A. (2025) Renal Cell Carcinoma: Prognosis in the
Era of Targeted Therapy. Current Oncology, 32, 515. https://doi.org/10.3390/curroncol32090515

[4] Powles, T., Albiges, L., Bex, A., Comperat, E., Griinwald, V., Kanesvaran, R., et al. (2024) Renal Cell Carcinoma: ESMO
Clinical Practice Guideline for Diagnosis, Treatment and Follow-Up. Annals of Oncology, 35, 692-706.
https://doi.org/10.1016/j.annonc.2024.05.537

[5] Zzhang, X., Xie, L., Long, J., Xie, Q., Zheng, Y., Liu, K., et al. (2021) Salidroside: A Review of Its Recent Advances in
Synthetic Pathways and Pharmacological Properties. Chemico-Biological Interactions, 339, Article ID: 109268.
https://doi.org/10.1016/j.cbi.2020.109268

[6] KEH, XIFR, EEM. LHREPUSHEMRERT R ED]. L2, 2022, 54(8): 75-78.

[7] Hopkins, A.L. (2008) Network Pharmacology: The Next Paradigm in Drug Discovery. Nature Chemical Biology, 4, 682-
690. https://doi.org/10.1038/nchembio.118

[8] Li, S.and Zhang, B. (2013) Traditional Chinese Medicine Network Pharmacology: Theory, Methodology and Application.
Chinese Journal of Natural Medicines, 11, 110-120. https://doi.org/10.1016/s1875-5364(13)60037-0

[91 Meng, X., Zhang, H., Mezei, M. and Cui, M. (2011) Molecular Docking: A Powerful Approach for Structure-Based
Drug Discovery. Current Computer Aided-Drug Design, 7, 146-157. https://doi.org/10.2174/157340911795677602

[10] Chakraborty, S., Balan, M., Sabarwal, A., Choueiri, T.K. and Pal, S. (2021) Metabolic Reprogramming in Renal Cancer:
Events of a Metabolic Disease. Biochimica et Biophysica Acta (BBA)—Reviews on Cancer, 1876, Article ID: 188559.

DOI: 10.12677/acm.2025.15123550 1445 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15123550
https://doi.org/10.3322/caac.21834
https://doi.org/10.1016/j.ajur.2016.08.006
https://doi.org/10.3390/curroncol32090515
https://doi.org/10.1016/j.annonc.2024.05.537
https://doi.org/10.1016/j.cbi.2020.109268
https://doi.org/10.1038/nchembio.118
https://doi.org/10.1016/s1875-5364(13)60037-0
https://doi.org/10.2174/157340911795677602

W, LR

[11]

[12]

[13]

[14]

[15]

[16]
[17]

(18]

[19]
[20]
[21]

[22]

https://doi.org/10.1016/j.bbcan.2021.188559

Dong, Q., Guo, Y., Lv, C,, Ren, L., Chen, B., Wang, Y., et al. (2025) Unveiling a Novel Cancer Hallmark by Evaluation
of Neural Infiltration in Cancer. Briefings in Bioinformatics, 26, bbaf082. https://doi.org/10.1093/bib/bbaf082

Zhu, X.,Jin, C., Pan, Q. and Hu, X. (2021) Determining the Quantitative Relationship between Glycolysis and GAPDH
in Cancer Cells Exhibiting the Warburg Effect. Journal of Biological Chemistry, 296, Article ID: 100369.
https://doi.org/10.1016/j.jbc.2021.100369

Liberti, M.V. and Locasale, J.W. (2016) The Warburg Effect: How Does It Benefit Cancer Cells? Trends in Biochemical
Sciences, 41, 211-218. https://doi.org/10.1016/j.tibs.2015.12.001

Yun, J., Mullarky, E., Lu, C., Bosch, K.N., Kavalier, A., Rivera, K., et al. (2015) Vitamin C Selectively Kills KRAS and
BRAF Mutant Colorectal Cancer Cells by Targeting Gapdh. Science, 350, 1391-1396.
https://doi.org/10.1126/science.aaa5004

Li, T., Hu, C., Huang, T., Zhou, Y., Tian, Q., Chen, H., et al. (2025) Cancer-Associated Fibroblasts Foster a High-Lactate
Microenvironment to Drive Perineural Invasion in Pancreatic Cancer. Cancer Research, 85, 2199-2217.
https://doi.org/10.1158/0008-5472.can-24-3173

R, I, EEMWN, F BRET HIF-la KHAE 5@ MBARR KA T IERTH T RED]. AHEARER,
2016, 32(8): 8-13.

Raji, L., Tetteh, A. and Amin, A.R.M.R. (2023) Role of C-SRC in Carcinogenesis and Drug Resistance. Cancers, 16,
Avrticle 32. https://doi.org/10.3390/cancers16010032

Bai, L., Yang, J.C., Ok, J., Mack, P.C., Kung, H. and Evans, C.P. (2011) Simultaneous Targeting of SRC Kinase and
Receptor Tyrosine Kinase Results in Synergistic Inhibition of Renal Cell Carcinoma Proliferation and Migration. Inter-
national Journal of Cancer, 130, 2693-2702. https://doi.org/10.1002/ijc.26303

Nicholson, K.M. and Anderson, N.G. (2002) The Protein Kinase B/Akt Signalling Pathway in Human Malignancy. Cel-
lular Signalling, 14, 381-395. https://doi.org/10.1016/s0898-6568(01)00271-6

Li, Z., Nong, D., Li, B.,, Wang, H., Li, C., Chen, Z., et al. (2022) Effect of AKT Silence on Malignant Biological Behavior
of Renal Cell Carcinoma Cells. BMC Urology, 22, Article No. 129. https://doi.org/10.1186/s12894-022-01087-4

Choi, T., Yoo, K.H. and Kim, M.S. (2022) Expression of AKT1 Related with Clinicopathological Parameters in Clear
Cell Renal Cell Carcinoma. Current Issues in Molecular Biology, 44, 4921-4929. https://doi.org/10.3390/cimb44100334
Li, F., Aljahdali, . A.M., Zhang, R., Nastiuk, K.L., Krolewski, J.J. and Ling, X. (2021) Kidney Cancer Biomarkers and
Targets for Therapeutics: Survivin (BIRC5), XIAP, MCL-1, HIFla, HIF2a, NRF2, MDM2, MDM4, P53, KRAS and

AKT in Renal Cell Carcinoma. Journal of Experimental & Clinical Cancer Research, 40, Article No. 254.
https://doi.org/10.1186/s13046-021-02026-1

DOI: 10.12677/acm.2025.15123550 1446 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2025.15123550
https://doi.org/10.1016/j.bbcan.2021.188559
https://doi.org/10.1093/bib/bbaf082
https://doi.org/10.1016/j.jbc.2021.100369
https://doi.org/10.1016/j.tibs.2015.12.001
https://doi.org/10.1126/science.aaa5004
https://doi.org/10.1158/0008-5472.can-24-3173
https://doi.org/10.3390/cancers16010032
https://doi.org/10.1002/ijc.26303
https://doi.org/10.1016/s0898-6568(01)00271-6
https://doi.org/10.1186/s12894-022-01087-4
https://doi.org/10.3390/cimb44100334
https://doi.org/10.1186/s13046-021-02026-1

	基于网络药理学、生物信息学及分子对接探究红景天苷治疗肾癌作用及机制
	摘  要
	关键词
	Exploration of the Therapeutic Effect and Mechanism of Salidroside on Renal Cell Carcinoma Based on Network Pharmacology, Bioinformatics and Molecular Docking
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 红景天苷与肾癌的靶点获取
	2.2. 基因本体(Gene Ontology, GO)富集分析和京都基因与基因组百科全书(Kyoto Encyclopedia of Genes and Genomes, KEGG)通路富集分析
	2.3. 蛋白互作网络(PPI)构建及核心靶点筛选
	2.4. 生存分析
	2.5. 结合能计算及分子对接可视化

	3. 结果
	3.1. 红景天苷和肾癌的靶点获取
	3.2. GO和KEGG富集分析
	3.3. PPI网络构建及核心靶点筛选
	3.4. 生存分析结果
	3.5. 结合能计算及分子对接结果

	4. 讨论
	5. 结论
	参考文献

