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S100A10 promotes proliferation and invasion of lung adenocarcinoma cells by activating

the Akt-mTOR signaling pathway

WANG Huijie', SUN Zhengui’, ZHAO Wenying', GENG Biao’
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Wiuhu 24100, China

Abstract: Objective To investigate the effects of expression levels of S100 calcium-binding protein A10 (S100A10) in lung
adenocarcinoma (LUAD) on patient prognosis and the regulatory role of S100A10 in lung cancer cell proliferation and
metastasis. Methods Immunohistochemistry was used to detect the expression levels of S100A10 in LUAD and adjacent
tissues, and the relationship between S100A10 expression and clinicopathological parameters and prognosis of the patients
was statistically analyzed. The lung adenocarcinoma expression dataset in TCGA database was analyzed using gene
enrichment analysis (GSEA) to predict the possible regulatory pathways of S100A10 in the development of lung
adenocarcinoma. Lactate production and glucose consumption of lung cancer cells with S100A10 knockdown or
overexpression were analyzed to assess the level of glycolysis. Western blotting, CCK-8 assay, EdU-594 assay, and Transwell
assays were performed to determine the expression level of SI00A10 protein, proliferation and invasion ability of lung cancer
cells. A549 cells with SI00A10 knockdown and H1299 cells with SI00A10 overexpression were injected subcutaneously in nude
mice, and tumor growth was observed. Results The expression level of S1I00A10 was significantly upregulated in LUAD
tissues as compared with the adjacent tissues, and an elevated SI00A10 expression level was associated with lymph node
metastasis, advanced tumor stage and distant organ metastasis (P<0.05), but not with tumor differentiation or the patients' age
or gender (P>0.05). Survival analysis showed that elevated SI00A10 expressions in the tumor tissue was associated with a poor
outcome of the patients (P<0.001). In the lung cancer cells, SI00A10 overexpression significantly promoted cell proliferation
and invasion in vitro (P<0.001). GSEA showed that the gene sets of glucose metabolism, glycolysis and mTOR signaling
pathway were significantly enriched in high expressions of SI00A10. In the tumor-bearing nude mice, SI00A10 overexpression
significantly promoted tumor growth, while S100A10 knockdown obviously suppressed tumor cell proliferation (P<0.001).
Conclusion S100A10 overexpression promotes glycolysis by activating the Akt-mTOR signaling pathway to promote
proliferation and invasion of lung adenocarcinoma cells.

Keywords: S100A10; lung adenocarcinoma; clinicopathological parameters; Akt-mTOR; glycolysis; tumor cell invasion and
proliferation
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Fig.1 High expression of SI00A10 in lung adenocarcinoma tissues can be used as a prognostic marker. A:
Immunohistochemistry for detecting the expression of S100A10 in adjacent tissues and tumor tissues in a
tissue microarray. Representative images of two cases of lung adenocarcinoma show significantly higher
expression level of S100A10 in tumor tissues than in adjacent tissues. B: Western blotting showing higher
S100A10 expression in cancer tissues than in adjacent tissues from 3 patients with lung cancer. C: Kaplan-
Meier survival analysis curves showing poor prognosis in patients with high expression of SI00A10.
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Tab.1 Relationship between the expression level of ST00A10 and clinicopathological parameters (%)

S100A10
Clinicopathologic parameters
n Low High P
Age (year) 0.223
<60 36 18 18
>60 54 20 34
Gender 0.500
Male 32 12 20
Female 58 26 32
Histologic differentiation 0.431
Well 12 7 5
Moderate 53 22 31
Poor 25 9 16
T classification 0.009
T1-T2 29 18 11
T3-T4 61 20 41
Lymph node metastasis 0.025
NO-N1 33 19 14
N2-N3 57 19 38
Distant metastasis (M) 0.004
No (M0) 61 32 29
Yes (M1) 29 6 23
TNM stage 0.002
I-1I 40 24 16

HI-1v 50 14 36
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Fig.2 S100A10 regulates the proliferation and metastasis of lung cancer cells. A: Baseline expression of SI00A10 in lung adenocarcinoma
cell lines detected by Western blotting. B: Expression of SI00A10 detected by Western blotting in A549 cells with S1I00A10 knockdown
(shS100A10#1 and shS100A1042) and in H1299 cells infected with S100A10- overexpressing lentiviral vector. C: Proliferation of A549
cells with S100A10 knockdown and H1299 cells with SI00A10 overexpression detected by CCKS8 assay. D: EAU assay showing that
S100A10 knockdown inhibits proliferation of A549 cells and overexpression of S100A10 promotes proliferation of H1299 cells. E:
Transwell assay showing S100A10 knockdown and overexpression inhibits and promotes the invasion of the tumor cells, respectively.
Data are presented as Mean+SE. **P<0.001.
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Fig.3 S100A10 affects glycolysis by regulating the activation of
AKT-mTOR signaling pathway. A, B: GSEA analysis showing
that a high expression of S100A10 in lung adenocarcinoma
cells was significantly enriched in glucose metabolism,
glycolysis, mTOR signaling pathway and other gene sets. C, D:
Inhibition of S100A10 inhibits glycolysis, and overexpression
of S100A10 promotes glycolysis. E, F: Western blot analysis
showing that S100A10 could regulate the activation of AKT-
mTOR signaling pathway.
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Fig.4 S100A10 promotes tumor proliferation in vivo. A: Tumor tissues derived from S100A10 knockout A549 cells and
control A549 cells collected 30 days after injection in nude mice and the tumor growth curves. B: Tumor weight in
S100A10 knockout group and control group. C: EMT transformation markers detected by Western blotting. D: Tumor
tissues derived from H1299 cells overexpressing SI00A10 and control H1299 cells in nude mice and the tumor growth
curves. E: Tumor weight in S100A10 overexpression and GFP control groups. F: EMT transformation markers
detected by Western blotting. All data are presented as Mean+SE. **P<0.001.
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