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0.72  ±  0.26 g, P  =  0.023) (Figure  6A, 6B). Consistent 
results were observed when we used HepG2 cells 
(Figure 6C, 6D). In an orthotopical mouse model, HCCLM3 
co-implanted with HUVEC-shCD109  yielded larger 
tumor volume than those co-implanted with HUVEC-NC 
(1542.2 ± 1034.8 mm3 vs. 388. 3 ± 280.4 mm3; P = 0.04) 
(Figure  6E). Although the incidence of lung metastasis 
was 100% in two groups, the number and the grade of 
metastatic clusters per lung were much greater in HUVEC-
shCD109 group than in NC group (Figure 6F, 6G). 

DISCUSSION

Previous studies focused more on CD109 
expression on tumor cells and its associations with 
malignant behavior of tumor cells and patient prognosis 
[18,  23–29]. In this study, we found that CD109  was 
also expressed on HCC tumor cells, but its expression 
on tumor cells was not associated with patient prognosis 
(Supplementary Figure S1B). Several studies suggested 
that CD109 expression on circulating TEC may have 

Figure 2: CD109 expression was essential for EC function. (A) Representative images of double immunofluorescence staining 
CD109 (green) and CD31 (red) in HUVEC. (B) WB showed the silencing efficiency of CD109 in HUVEC after transduction with negative 
control shRNA (NC) or three different shCD109s. (C) Cell proliferation assay showed that CD109 knockdown did not affect HUVEC 
proliferation. (D) Representative images and quantitative data (E) showed that CD109 knockdown significantly decreased HUVEC total 
tube lengths and branch points in the tube formation assay on Matrigel. (F) Representative images and quantitative data (G) showed that 
CD109 knockdown in HUVEC significantly inhibited cell migration in the Boyden chamber assay. Scale bars, 100 μm. β-actin served as a 
loading control for WB. Data shown as mean ± standard deviation (SD) were from triplicates of three independent experiments. *P < 0.05; 
**P < 0.01 by ANOVA. WT, wild type; NC, negative control.
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Figure 3: CD109 knockdown in HUVEC enhanced paracrine effects on hepatoma cells proliferation, migration, and 
invasion in vitro. (A–B) Cell proliferation assay showed HCCLM3 and HepG2 cells proliferations were significantly increased when 
co-cultured with HUVEC-shCD109 compared with HUVEC-NC at 72 h. (C) Representative images and (D) quantitative data of Boyden 
chamber cell migration and invasion assays showed that HUVEC-shCD109 promoted HCCLM3 cells migration and invasion as compared 
with HUVEC-NC. (E) Representative images and (F) quantitative data of Boyden chamber cell migration and invasion assays showed 
that HUVEC-shCD109 promoted HepG2 cells migration and invasion as compared with HUVEC-NC. Scale bars, 100 μm. Data shown as 
mean ± SD were from triplicates of three independent experiments. *P < 0.05 by t test. NC, negative control.


