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Abstract: [ Objective] This study aimed to elucidate the specific molecular mechanism by which PAGES promotes
breast cancer cell invasion and hepatic metastasis through regulating the PI3K/AKT signaling pathway and its downstream
effector, matrix metalloproteinase 1 (MMP1).[Methods] Bioinformatics analysis using the TCGA database was performed
to evaluate PAGES expression in metastatic breast cancer tissues. The effects of PAGES on the proliferation, migration,
and invasion capabilities of breast cancer cells were analyzed using CCK-8, EdU, Transwell, and wound healing assays.
A splenic injection hepatic metastasis model in NOD—SCID mice was employed to validate the impact of PAGES on breast
cancer liver metastasis. Transcriptome sequencing and KEGG enrichment analysis were conducted to identify potential

signaling pathways regulated by PAGES. Western blot was used to detect AKT phosphorylation levels. Quantitative real—
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time polymerase chain reaction (qPCR) was applied to screen and validate downstream target molecules of PAGES.

[Results] Bioinformatic analysis revealed that PAGES expression was significantly upregulated in distant metastasis of

breast cancer. Both in vitro and in vivo experiments confirmed that PAGES overexpression markedly enhanced the

migration and invasion abilities of breast cancer cells and promoted the formation of liver metastatic lesions, whereas

PAGES5 knockdown suppressed breast cancer liver metastasis (P<<0.000 1). Transcriptome sequencing and KEGG

enrichment analysis indicated that PAGES significantly activated the PI3K—AKT signaling pathway (P=0.028 5). Western
blot confirmed that PAGES upregulated p—AKT levels, which could be reversed by MK2206. The qPCR results confirmed
that MMPI is a key downstream effector of PAGES, and its expression can be inhibited by MK2206 (P<0.000 1).

[ Conclusions] This study preliminarily demonstrates that PAGES can activate the PI3K/AKT signaling pathway and

mediate the invasion and liver metastasis of breast cancer through MMP1I.
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A: Analysis of differentially expressed genes in TCGA database. B: Representative IHC images and statistical analysis of PAGES—positive areas in

clinical samples. N: normal breast tissue(n=>5). P: primary breast cancer tissues (n=10). LM: breast cancer liver metastatic tissues (n=10). Scale bar=
200 pm. C: PAGES expression in pan—cancers. P < 0.05, “P < 0.01, ""P < 0.001, “P < 0.000 1.
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Fig.1 Expression patterns of PAGES5 in breast cancer and liver metastatic tissues
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A: Western blot analysis of knockdown and overexpression efficiency in MDA-MB-231 and MDA-MB-415 cells. B: CCK-8 assay for cell
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proliferation after knockdown and overexpression of PAGES in MDA-MB-231 and MDA-MB-415 cells. n=3. C: EdU assay for cell proliferation after
knockdown and overexpression of PAGES in MDA-MB-231 and MDA-MB-415 cells. n=3. Scale bar=50 pm.
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Fig. 2 Impact of PAGES5 on breast cancer cell proliferation
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A-B: Assessment of cell migration via Transwell migration assay after knockdown or overexpression of PAGES in MDA-MB-231 and MDA-MB-
415 cells. Scale bar=100 pm. C=D: Assessment of cell invasion via Transwell invasion assay after knockdown or overexpression of PAGES in MDA-MB-
231 and MDA-MB-415 cells. Scale bar=100 pwm. E-F: Evaluation of cell migration and invasion by wound healing assay in MDA-MB-231 cells
following knockdown(E) or overexpression(F) of PAGES. Scale bar=200 um. G—H: Evaluation of cell migration and invasion by wound healing assay in

MDA-MB-415 cells following knockdown(G) or overexpression(H) of PAGES. Scale bar=200 pm. * P < 0.05,** P <0.01,*** P <0.001,**** P <
0.000 1. n=3.
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Fig.3 Impact of PAGES5 on breast cancer cell migration and invasion abilities
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Fig.4 Evaluation of PAGE5 on metastasis using a mouse model of breast cancer liver metastasis
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A-B: Results of KEGG enrichment analysis and GSEA analysis based on transcriptomic data. C: Representative Western blots and quantification
of p—PI3K and p—AKT levels in MDA-MB-231 cells with PAGES knockdown or overexpression. D: Western blot analysis of p—PI3K and p—AKT levels
in PAGES-overexpressing MDA-MB-231 cells treated with the AKT inhibitor MK2206 at the indicated concentrations and time points.
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A: Heatmap showing the top 20 genes whose expression changes are significantly positively correlated with PAGES expression. B-C: qPCR

validation of the correlation between PAGES5 expression and the expression of the top 10 candidate genes. n=3. D: Correlation between PAGES5

expression and MMP1 expression. n=21. E: qPCR results showing the expression levels of PAGES and the top 10 candidate genes after treatment with
MK2206. n=3. *P < 0.05. F. Western blot showing the changes in MMP1 expression in PAGE5—overexpressing MDA-MB-231 cells following MK2206

treatment at the indicated concentrations and time points.
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Fig. 6 MMPI is a downstream target gene of PAGES
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A: Western blot showing the MMPI protein knockout efficiency in PAGES-overexpressing MDA-MB-231cells. B: Transwell migration assay in
PAGE5-overexpressing MDA-MB-231 cells in combination with/without MMPI knockout. Scale bar=100 wm. C: Transwell invasion assay in PAGES—
overexpressing MDA-MB-231 cells in combination with/without MMPI knockout. Scale bar=100 pwm. D: Wound healing assay in PAGES-
overexpressing MDA-MB-231 cells in combination with/without MMP1 knockout. Scale bar=200 pm.* P < 0.05, ** P <0.01, *** P < 0.001, **#*

P <0.000 1. n=3.
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Fig.7 MMPI knockout can inhibit migration and invasion ability of PAGES5 overexpression breast cancer cells
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