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explored. Results revealed a positive asso- 
ciation between SUMO1P3 upregulation and 
advanced histological grade, poor differentia-
tion, and lymphatic and distant metastases 
(Figure 1B and 1C; Table 1). However, no cor-
relation was found between SUMO1P3 eleva-
tion and patient gender, age, and tumor size 
(Table 1). To investigate the association of 
SUMO1P3 expression with angiogenesis and 
prognosis of colon cancer patients, the colon 
cancer samples were divided into two groups: 
SUMO1P3 high-expression group and SUMO- 
1P3 low-expression group. As shown in Figure 
1D, intensive MVD was observed in the SU- 
MO1P3 high-expression samples. In addition, 
the patients with high levels of SUMO1P3 had 
shorter survival rates than those with low levels 
of SUMO1P3 (Figure 1E). These findings indi-
cate that SUMO1P3 augment plays a key role  
in the development and progression of colon  
cancer and could serve as a useful prognosis 
marker for colon cancer.

Knockdown of SUMO1P3 reduces colon can-
cer cell viability and proliferation in vitro

Next, we measured SUMO1P3 expression in 
five colon cancer cell lines (HT29, HCT116, 
SW480, SW620, and LoVo) and normal colonic 
epithelial cells (NCM460) by using qPCR ass- 
ay. SUMO1P3 was highly expressed in the five 
colon cancer cell lines compared with NCM460 
cells (Figure 2A). SW620 and LoVo were select-
ed for the subsequent studies because they 
had the highest SUMO1P3 levels among the 
cell lines. To address the functional role of 
SUMO1P3 in colon cell proliferation, shSU-
MO1P3-1, shSUMO1P3-2, and shNC plasmids 
were transfected into SW620 and LoVo cells. 
As shown in Figure 2B, shSUMO1P3 transfec-
tion significantly reduced the SUMO1P3 levels 
in SW620 and LoVo cells. ShSUMO1P3-1 tre- 
atment showed more effective inhibition of 
SUMO1P3 expression, which was selected for 
the following investigations. MTT assay showed 

Figure 3. SUMO1P3 knockdown reduced the migratory and invasive abilities of colon cancer cells in vitro. SW620 
and LoVo cells were untransfected (control) and transfected with shSUMO1P3-1 or shNC plasmids. (A) Wound heal-
ing assay of SW620 and LoVo cells. Scale bar: 10 μm. (B) Quantification of the wound width in (A) at 0 and 24 h 
after transfection. (C and E) Transwell assays of the migration (C) and invasion (E) of SW620 and LoVo cells. (D and 
F) The numbers of migrated (D) and invaded (F) cells were calculated in (C and E) at 24 h after transfection. Data 
are represented as the mean ± SD of three replicates. *P < 0.05, **P < 0.01 compared with the Ctrl or shNC group. 
Ctrl: control; shNC: negative control.
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a notable reduction of cell viability in the 
SUMO1P3-depleted SW620 and LoVo cells 
(Figure 2C). Flow cytometric analysis revealed 
that SUMO1P3 knockdown induced cell cycle 
arrest of SW620 and LoVo cells, reflecting a sig-
nificant increase in the G1 stage and a marked 
decrease in the S phase (Figure 2D). Moreover, 
fewer and smaller colonies were observed in 
the shSUMO1P3-1-transfected SW620 and 
LoVo cells than in those transfected with shNC 
(Figure 2E and 2F). These data suggest that 
SUMO1P3 silencing reduces the viability and 
proliferation of colon cancer cells in vitro.

SUMO1P3 depletion inhibits the migration and 
invasion of colon cancer cells in vitro

To determine the roles of SUMO1P3 in the 
motility of colon cancer cells, wound healing 
and Transwell assays were performed in 
SW620 and LoVo cells. Wound healing assays 
showed that the migration of the shSUMO1P3-
1-transfected SW620 and LoVo cells was obvi-
ously inhibited compared with that of the shNC-
transfected or control cells (Figure 3A and 3B). 
Similarly, Transwell assays demonstrated that 
the number of migrated SW620 and LoVo cells 
was significantly reduced in the shSUMO1P3-
1-transfected group (Figure 3C and 3D). Also, 
the invasion of SW620 and LoVo cells was 
markedly suppressed by SUMO1P3 silencing 

(Figure 3E and 3F). These data demonstrate 
that SUMO1P3 knockdown inhibits the motility 
of colon cancer cells in vitro.

SUMO1P3 silencing suppresses colon cancer 
cell-induced angiogenesis in vitro

Matrigel tube formation assay was conducted 
to evaluate the effects of colon cancer cells on 
angiogenesis. The suppressive effects of tube 
formation were observed on HUVECs treated 
with the conditioned medium from SW620 and 
LoVo cells transfected with the shSUMO1P3-1 
plasmid (Figure 4A). The tube length (Figure 
4B), number of tubules and branch points 
(Figure 4C and 4D) were significantly reduced 
in the conditioned medium-cultured HUVECs. 
Furthermore, the secretion of pro-angiogenic 
growth factor VEGFA was repressed by SU- 
MO1P3 knockdown in SW620 and LoVo cells 
(Figure 4E). These results show that SUMO1- 
P3 silencing attenuates the pro-angiogenesis 
effects of colon cancer cells in vitro.

SUMO1P3 knockdown suppresses the growth, 
metastasis and pro-angiogenesis of colon 
cancer in vivo

The roles of SUMO1P3 in colon cancer cells in 
vitro were further verified using in vivo mouse 

Figure 4. SUMO1P3 silencing inhibited the pro-angiogenesis ability of colon cancer cells in vitro. SW620 and LoVo 
cells were untransfected (control) and transfected with shSUMO1P3-1 or shNC plasmids. (A) Tube formation assay 
was performed to evaluate the effect of conditioned media from SW620 and LoVo cells with different treatments 
on the angiogenesis of HUVECs. (B-D) Relative tube length (B) and number of tubules and branch points (C and D) 
were counted and calculated. (E) VEGFA levels were determined by using ELISA assays. Data are represented as the 
mean ± SD of three replicates. *P < 0.05 compared with the Ctrl or shNC group. Ctrl: control; shNC: negative control.
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models. SUMO1P3-silenced SW620 cells were 
subcutaneously injected into the flank of SCID 
mice. Compared with control or Lv-shNC group, 
the SUMO1P3-depleted group revealed signifi-
cant reductions in tumor volume (Figure 5A), 
tumor size and weight (Figure 5B-5D). IHC anal-
ysis of CD34 expression was performed to 
detect the MVD in xenograft tumors. Results 
showed that SUMO1P3 knockdown significant-
ly reduced MVD (Figure 5E). To explore the 
effects of SUMO1P3 on liver metastasis of 
colon cancer cell, SUMO1P3-silenced SW620 
cells were injected into the spleen of SCID mice. 
As shown in Figure 5F, the rate of liver metasta-
sis was lower in SUMO1P3 knockdown group 
than in Lv-shNC and control groups. Molecular 
analysis of tumor tissues showed that the  
levels of SUMO1P3, cyclin D1, Vimentin, and 

VEGFA were markedly decreased but E-cadherin 
was increased in the SUMO1P3-silenced group 
(Figure 5G, 5H and Supplemental Figures 1, 2). 
These data indicate that SUMO1P3 depletion 
represses the growth, metastasis and pro-
angiogenesis of colon cancer cells in vivo.

Discussion 

Colon cancer is a common malignancy world-
wide. Substantial researches are needed to 
elucidate the molecular basis of colon cancer 
and improve clinical outputs. However, only a 
few reliable prognostic markers and therapeu-
tic approaches of colon cancer are available 
[18]. Thus, identifying novel useful prognostic 
biomarkers and treatment methods of colon 
cancer is essential and urgent. 

Figure 5. SUMO1P3 depletion hindered the tumorigenesis, metastasis, and pro-angiogenesis of colon cancer cells 
in vivo. Male 5-week-old SCID mice received uninfected (control) and Lv-shSUMO1P3-1- or Lv-shNC-infected SW620 
cells through a subcutaneous injection into the hind flanks or through spleen injection. (A) The volumes in subcuta-
neous xenografts were measured and calculated once a week for 6 weeks. (B and C) Representative tumor photos 
of each group. (D) Tumor weights were measured at 6 weeks post-implantation. (E) IHC analysis of CD34 expression 
in tumor tissues. MVD was assessed by CD34 expression. (F) Quantification of microscopic nodules in the livers of 
each group at 3 weeks after spleen injection. (F and G) SUMO1P3 levels (G) and protein expression (H) of cyclin D1, 
E-cadherin, Vimentin, and VEGFA in xenografted tumor tissues of each group were detected by qPCR and Western 
blot assays, respectively. Data are represented as the mean ± SD of three replicates. *P < 0.05, **P < 0.01 com-
pared with the Ctrl or Lv-shNC group. Ctrl: control; Lv-shNC: negative control.
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Aberrant genetic or epigenetic alterations of 
oncogenes and tumor suppressors have occ- 
urred in colon cancer [19]. A large number of 
lncRNAs contribute to the development and 
progression of colon cancer [20]. Among those 
are CCAT1 [9], BLACAT1 [10], HOTAIR [11], and 
ATB [12]. LncRNA SUMO1P3 is upregulated  
in gastric cancer and used as a diagnostic  
biomarker of gastric cancer [13]. Moreover, 
SUMO1P3 enhancement predicts poor progno-
sis and promotes the growth and metastasis  
of bladder cancer [14]. However, the expres- 
sion and biological roles of SUMO1P3 in colon 
cancer are not elucidated. In this study, the 
SUMO1P3 level in colon cancer tissues was sig-
nificantly higher than that in non-tumor tissues. 
SUMO1P3 elevation in colon cancer patients 
positively correlated with tumor stage, metas-
tasis, and angiogenesis, but negatively associ-
ated with poor prognosis. These results sug-
gest that SUMO1P3 plays an important role in 
colon cancer progression.

Uncontrolled cell proliferation and sustained 
cell cycle progression are the significant hall-
marks of human cancers [21]. Previous studies 
demonstrated that several lncRNAs play crucial 
roles in colon cancer by regulating cell prolifera-
tion and cell cycle progression [9, 10, 22]. Su  
et al. [10] showed that G1/G0 phase was 
increased in both HCT116 and SW480 cells 
when BLACAT1 was repressed. Cyclin D1 is a 
crucial mediator of G1 to S progression, and  
its upregulation results in the rapid growth of 
colon cancer cells [23]. In the present study, we 
found that lncRNA SUMO1P3 knocked down 
reduced colon cancer cell proliferation and G1 
phase arrest in vitro and significantly attenuat-
ed tumor growth in vivo. Mechanisticly, the 
expression of cyclin D1 was decreased by 
SUMO1P3 depletion in the tumor tissues of 
xenograft mouse models. These findings indi-
cate that SUMO1P3 regulates the proliferation 
of colon cancer cells.

Tumor spreading and metastasis are the ag- 
gressive behaviors of colon cancers. Several 
lncRNAs promote the migratory and invasive 
abilities of colon cancer cells by promoting EMT 
[11, 12]. EMT is a biologic process that allows a 
polarized epithelial cell, which normally inter-
acts with basement membrane via its basal 
surface, to undergo multiple biochemical chan- 
ges that enable it to assume a mesenchy- 
mal cell phenotype, which includes enhanced 

migratory and invasive capacities, as well as 
elevated resistance to apoptosis [24]. When 
EMT occurs, the epithelial markers, such as 
E-cadherin, and α-catenin are downregulated, 
while the mesenchymal markers, such as 
N-cadherin, Vimentin, slug, snail, and β-catenin 
are upregulated [25]. Wu et al. [11] demonstrat-
ed that HOTAIR silencing increased E-cadherin 
and decreased Vimentin level in SW480 and 
HT29 cells. Knockdown of ATB enhanced ex- 
pression of E-cadherin and ZO-1, and reduced 
levels of ZEB1 and N-cadherin in SW620 cells 
[12]. In this study, lncRNA SUMO1P3 knock-
down inhibited the migration and invasion of 
SW620 and LoVo cells. Low-frequency and 
small liver nodules were found in SUMO1P3-
silenced tumor tissues. Moreover, SUMO1P3 
depletion led to the downregulation of Vimentin 
and upregulation of E-cadherin in vivo. These 
results suggest that SUMO1P3 facilitates colon 
cancer metastasis by facilitating EMT. 

Angiogenesis is crucial for tumor progression 
because tumor growth, invasion, and metasta-
sis are angiogenesis dependent [26]. Angio- 
genesis is a complex procedure by which capil-
laries sprout from vessels and allow tumor cells 
to metastasize to distant sites from primary 
lesions [27]. The angiogenic phenotype is char-
acterized by an increase in the production of 
pro-angiogenic molecules, such as VEGF, which 
is the key regulator of tumor angiogenesis [28]. 
Among the six members of VEGF, VEGFA is the 
predominant factor that promotes the forma-
tion and growth of new vessels [29]. The pres-
ent study investigated the role of SUMO1P3  
in the regulation of the pro-angiogenetic ability 
of colon cancer cells. SUMO1P3 knockdown 
repressed colon cancer cell-induced VEGFA 
release and angiogenesis in vitro. SUMO1P3 
silencing reduced VEGFA expression and MVD 
in xenograft tumors. These findings indicate 
that SUMO1P3 promotes colon cancer-induced 
angiogenesis. 

In summary, SUMO1P3 was highly expressed in 
colon cancer tissues and cell lines. Upregulation 
of SUMO1P3 positively correlated with the 
advanced tumor stage, lymphatic and distant 
metastases, angiogenesis, and poor prognosis 
of colon cancer patients. SUMO1P3 knockdown 
reduced the proliferative, migratory, invasive, 
and pro-angiogenic abilities of colon cancer 
cells in vitro and hindered tumor growth, liver 
metastasis, and vascularization in vivo. Overall, 
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these findings illuminate that SUMO1P3 con-
tributes to growth and metastasis of colon can-
cer and could be used as a potential prognostic 
marker and therapeutic target for colon cancer 
patients.
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Supplemental Figure 1. The whole films with VEGF-A, E-cadherin, and Cyclin D1 western bands.

Supplemental Figure 2. The whole films with Vimentin and β-actin western bands.


