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Metformin Inhibits Prostate Cancer Progression via
Regulation of the AKT/mTOR Signaling Pathway
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Biology, West China School of Basic Medical Sciences & Forensic Medicine, Sichuan University, Chengdu 610041, China;
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[Abstract] Objective To investigate the effects of metformin on the proliferation, migration, and invasion of
prostate cancer cells, and to determine whether its antitumor effects are mediated by regulation of human antigen R
(HuR) and the AKT/mammalian target of rapamycin (mTOR) signaling pathway. Methods Human prostate cancer cell
lines PC3 and 22RV1 were used as the research models and were treated with metformin. HuR knockdown and
overexpression experiments were performed to further verify the underlying mechanism. Cell proliferation was assessed
using the cell counting kit-8 (CCK-8) assay. Cell migration and invasion were evaluated by Transwell assays. The
expression levels of HuR and AKT/mTOR pathway-related proteins were measured by quantitative real-time polymerase
chain reaction (QRT-PCR) and Western blotting. Results Metformin treatment reduced the proliferation, migration,
and invasion abilities of PC3 and 22RV1 cells, and inhibited the expression of proteins associated with the AKT/mTOR
signaling pathway (P < 0.05). HuR knockdown also decreased the proliferation, migration, and invasion abilities of
prostate cancer cells and inhibited AKT/mTOR pathway activity. In contrast, HuR overexpression partially attenuated the
inhibitory effects of metformin on the malignant biological behaviors of prostate cancer cells and its inhibitory effects on
the AKT/mTOR signaling pathway. In addition, metformin downregulated HuR mRNA and protein expression levels in
PC3 and 22RV1 cells in a concentration-dependent manner (P < 0.01). Conclusion = Metformin may inhibit the
activation of the AKT/mTOR signaling pathway by downregulating HuR expression, thereby reducing the proliferation,
migration, and invasion of prostate cancer cells.
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Fig 1 Metformin inhibits the proliferation, migration, and invasion of PCa cell lines

MET: metformin. A, Cell viability measured by CCK-8 assay after 24 h and 48 h treatment with indicated metformin concentrations. B, Cell migration assessed by

Transwell assay. C, Cell invasion assessed by Matrigel-coated Transwell assay. Representative Transwell images were captured at original magnification x 200. " P < 0.05,

" P<001,

" P <0.001, vs. 0 mmol/L MET (control). Data are presented as the X+ s from three independent experiments (1 = 3); five replicate wells or five randomly selected fields

were analyzed per group.
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Fig 2 Metformin induces G,/G, arrest in a dose-dependent manner and promotes cell apoptosis

MET: metformin. A, Cell cycle distribution analyzed by flow cytometry. B, Western blot analysis of CDK4 expression. C, Apoptosis rates detected by Annexin V -

FITC/PI staining. D, Western blot analysis of Bcl-2 and Bax expression. Data are presented as the X+ s from three independent experiments (n = 3). Statistic analyses

include one-way ANOVA followed by Bonferroni's multiple comparison test. " P<0.05, " P<0.01, " P < 0.001, vs. 0 mmol/L MET (control).
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Fig 3 HuR is differentially expressed and serves as a potential target of metformin.

MET: metformin. A, HuR mRNA levels in PCa (T) vs. normal tissue (N). B, Correlation between HuR expression and Gleason scores. C, HuR protein levels in PCa

cell lines. D, Dose-dependent reduction of HuR mRNA and protein by metformin (qPCR/Western blot). "P<0.05 " P<0.01," P<0.001,vs.0 mmol/L MET (control).

Each qPCR reaction was performed in quadruplicate and qPCR data are presented as the X+ s from three independent experiments (n = 3).
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