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High expression of CAMSAP2 promotes invasion and metastasis of gastric cancer cells
by upregulating TGF-f signaling
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Abstract: Objective To investigate the expression of calmodulin-regulated spectrin-associated protein 2 (CAMSAP2) in gastric
cancer and its effect on gastric cancer cell invasion and metastasis. Methods The association of CAMSAP2 expression levels
with progression and prognosis of gastric cancer was analyzed using public cancer data and in 106 patients receiving radical
gastrectomy in our hospital from October, 2013 to October, 2017. The biological functions of CAMSAP2 were predicted using
bioinformatics analysis. Gastric cancer MGC803 cells with CAMSAP2 overexpression and knockdown were observed for
epithelial-mesenchymal transition (EMT), migration and invasion. A nude mouse model bearing orthotopic gastric cancer cell
xenografts was established for verifying the results and exploring the underlying molecular mechanism. Results Gastric cancer
tissues expressed high levels of CAMSAP2, which were positively correlated with CEA and CA19-9 (P<0.001). Cox regression
analysis showed that CAMSAP2 expression level was an independent risk factor affecting the 5-year survival rate of gastric
cancer patients (HR=2.969, 95% CI: 1.031-8.548). Enrichment analysis suggested that CAMSAP2 was involved in epithelial-
mesenchymal transition (EMT) and TGEF-{ signaling. In gastric cancer cells, CAMSAP2 overexpression significantly increased
the expressions of vimentin and N-cadherin, inhibited the expression of E-cadherin, and enhanced cell migration and invasion
(P<0.05); CAMSAP2 knockdown produced the opposite effects in the cells (P<0.05). In the tumor-bearing mice, xenografts
overexpressing CAMSAP2 showed enhanced metastasis (P<0.05), increased vimentin and N-cadherin expressions and lowered
E-cadherin expression (P<0.05), and the xenografts with CAMSAP2 knockdown showed the opposite changes (P<0.05). Both
the in vivo and in vitro experiments showed that CAMSAP2 overexpression increased and CAMSAP2 knockdown lowered the
levels of TGF- and p-Smad?2/3 in the gastric cancer cells (P<0.05). Conclusion The high expression of CAMSAP2 contributes to
disease progression and poor prognosis of gastric cancer possibly by upregulating TGF-f signaling to promote EMT.
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Fig.1 Expression of CAMSAP2 is elevated in gastric cancer tissue. A: Pan-cancer expression analysis. *P<0.05; **P<0.01; ***P<0.001
vs control. B, C: Expression of CAMSAP?2 in gastric cancer and adjacent tissues. D, E: Immunohistochemical staining for CAMSAP2

in gastric cancer and adjacent tissues. *P<0.05 vs adjacent tissue.
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Fig.2 Correlation between CAMSAP2 expression level and progression of gastric cancer. A, B:
CAMSAP2 expression is correlated with stage and grade of gastric cancer. C, D: CAMSAP2
expression level is correlated with peripheral blood CEA and CA19-9 levels. *P<0.05 vs Normal.
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Tab.1 CAMSAP2 expression level is positively correlated with progression of gastric cancer

CAMSAP?2 expression (1, %)

Factors n - b P
Low (n=53) High (n=53)
Male 45 25 (55.6%) 20 (44.4%)
Gender 0.965 0.326
Female 61 28 (45.9%) 33 (54.1%)
<60 36 19 (52.8%) 17 (47.2%)
Age (year) 0.168 0.682
=60 70 34 (48.6%) 36 (51.4%)
<5 49 41 (83.7%) 8 (16.3%)
CEA (pg/L) 41.330 <0.001
=5 57 12 (21.1%) 45 (78.9%)
<37 57 39 (68.4%) 18 (31.6%)
CA19-9 (kU/L) 16.737 <0.001
=37 49 14 (28.6%) 35(71.4%)
) <5 41 21 (51.2%) 20 (48.8%)
Tumor size (cm) 0.040 0.842
=5 65 32 (49.2%) 33 (50.8%)
Adenocarcinoma 42 25 (59.5%) 17 (40.5%)
Cancer cell type 2.524 0.112
Other 64 28 (43.8%) 36 (56.3%)
1-2 50 43 (86%) 7 (14%)
T stage 49.063 <0.001
3-4 56 10 (17.9%) 46 (82.1%)
0-1 49 34 (69.4%) 15 (30.6%)
N stage 13.701 <0.001
2-3 57 19 (33.3%) 38 (66.7%)
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Fig.3 A high CAMSAP2 expression is associated with a reduced 5-year survival rate of gastric
cancer patients after radical gastrectomy. A: CAMSAP2 expression level affects overall survival
of gastric cancer patients. B: Kaplan-Meier survival analysis for 5-year survival rate of the

patients after radical gastrectomy.
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Tab.2 Analysis of risk factors affecting 5-year survival rate of gastric cancer patients after radical gastrectomy

Factors

Univariate analysis

Multivariate analysis

HR 95% CI P HR 95% CI P
Gender (male vs female) 1.135 0.662-1.946 0.646
Age (<60 vs =60) 0.765 0.443-1.323 0.338
CAMSAP?2 expression (high vs low) 14.043 6.503-30.325 <0.001 2.969 1.031-8.548 0.044
CEA (<5 pg/L vs =5 ng/L) 4.877 2.555-9.312 <0.001 2.321 1.038-5.186 0.040
CA19-9 (<37 kU/L vs =37 kU/L) 3.856 2.177-6.829 <0.001 2.046 1.075-3.896 0.029
Tumor size (<5 cm vs =5 cm) 0.879 0.511-1.513 0.643
Cancer cell type (adenocarcinoma vs other) 1.506 0.855-2.653 0.156
T stage (T1-T2 vs T3-T4) 10.457 4.879-22.414 <0.001 4.256 1.697-10.675 0.002
N stage (NO-N1 vs N2-N3) 4.099 2.184-7.692 <0.001 4219 2.050-8.684  <0.001
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Fig.4 Results of KEGG enrichment analysis.
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Fig.5 CAMSAP2 overexpression promotes EMT, migration and invasion of gastric cancer cells. A, B: Lentiviral
transfection effect. C, D: Expression of EMT markers in MGC803 cells. E: Wound-healing assay. E G: Cell migration
and invasion of MGC803 cells. Control: normal control; si: siRNA; LV: overexpression. *P<0.05 vs Control.
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