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Abstract: Long noncoding RNA (IncRNA) small ubiquitin-like modifier 1 pseudogene 3 (SUMO1P3) acts a tumor
promoter in several malignancies; however, its roles in colon cancer remain unclear. Herein, we demonstrated
that SUMO1P3 expression was significantly higher in colon cancer tissues and cell lines than the corresponding
non-tumor samples and normal colonic epithelial cells, respectively. The upregulation of SUMO1P3 was positively
correlated with the advanced histological stages, metastases, angiogenesis and poor prognosis of colon cancer
patients. SUMO1P3 knockdown repressed the proliferation, migration, invasion, and pro-angiogenesis of colon can-
cer cells in vitro. SUMO1P3 silencing reduced the growth, liver metastasis, and vascularization of colon cancer in
vivo. Mechanistically, SUMO1P3 depletion decreased the levels of cyclin D1, Vimentin, and VEGFA while increased
E-cadherin expression in xenograft tumor tissues. Overall, these results indicate that SUMO1P3 expedites the ma-

lignant behaviors of colon cancer and may be as a potential therapeutic target.
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Introduction

Colon cancer is the third most common carci-
noma and the second leading cause of cancer-
related deaths worldwide [1]. The incidence
and mortality rates of colon cancer are gradu-
ally increasing in China, with 376,300 new
cases and 191,000 deaths in 2015 [2]. Despite
improvements in colon cancer therapy, the
5-year survival rate remains at 30% due to
recurrence and metastasis [3]. Reportedly,
colon cancer is causally linked to a combina-
tion of genetic and environmental factors
involving multistep progressions with genetic or
epigenetic abnormalities [4, 5]. Therefore, a
clear understanding of the molecular mecha-
nisms underlying the progression of colon
cancer is essential in the development of
new treatments and improvement of patient
prognosis.

Long noncoding RNAs (IncRNAs) are a class of
non-coding transcripts longer than 200 nucleo-
tides. LncRNAs regulate gene expression at the
epigenetic, transcriptional, and post-transcrip-

tional levels and are involved in the physiologi-
cal and pathological processes of human dis-
eases [6]. Mounting evidences showed that
IncRNAs participate in colon cancer pathogen-
esis by modulating several biological process-
es, such as differentiation, proliferation, mig-
ration, invasion, and angiogenesis [7, 8]. For
example, CCAT1 promotes the proliferation and
invasion of colon cancer cells [9]. BLACAT1 indi-
cates a poor prognosis of colorectal cancer and
affects cell proliferation by regulating cell cycle
progression [10]. HOTAIR is a predictor of
metastasis and poor prognosis and is associ-
ated with epithelial-mesenchymal transition
(EMT) in colon cancer [11]. ATB promotes colon
cancer progression by promoting EMT [12].
Recently, it has been reported that IncRNA
small ubiquitin-like modifier 1 pseudogene 3
(SUMO1P3) is upregulated in gastric cancer
and is a potential prognostic and therapeutic
target for gastric cancer [13]. Another study
demonstrated that SUMO1P3 increases in
bladder cancer and promotes tumor growth
and metastasis [14]. However, the clinical sig-
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Table 1. The correlation of SUMO1P3 expression with clinicopatho-

logical parameters of colon cancer

Clinicopathological Case No.

USP22 expression

2008 and December 2011.
None of the patients rec-
eived preoperative chem-
otherapy or radiotherapy.

variables parameters (n=120) H;g;o) (HI;O\ZO) Fvalue The samples were immedi-
Gender Male 50 34 16 0382 ately immersed in 4% form-
aldehyde for immunohisto-

Female 0 46 24 chemistry (IHC) staining or

Age (years) <65 45 28 17 0.424 frozen in tubes containing
265 75 52 23 RNAlater preservation lig-

Size (cm) <5 62 42 20 0.121 uid and then stored in liquid
>5 58 38 20 nitrogen for quantitative

Differentiation ~ Well/Moderate 66 30 36 0.001* real-time PCR (qPCR) assay.
Poor 54 50 4 All samples were blindly

AJCC stage 1l 63 31 32 0.001* confirmed by two experien-
/v 57 49 8 ced pathologists. CI|n|c§|

stage was conducted in

pT stage T1/12 42 24 18 0.026% accordance with the proto-
T3/T4 8 56 22 cols of the American Joint

pN stage NO 60 32 28 0.002* Committee on Cancer St-
N1/N2 60 48 12 aging System. A follow-up

pM stage MO 96 60 36 <0.001* was carried out through
M1 24 20 4 outpatient examination or

*P < 0.05. telephone (median follow-

nificance and biological roles of SUMO1P3 in
colon cancer remain unknown.

In this study, we found that SUMO1P3 was high-
ly expressed in colon cancer tissues and cell
lines. SUMO1P3 upregulation was positively
associated with advanced tumor stage, lym-
phatic and distant metastases, and microves-
sel density (MVD) but negatively associated
with the prognosis of colon cancer patients.
Moreover, functional studies revealed that
SUMO1P3 knockdown inhibited the prolifera-
tion, migration, invasion, and pro-angiogenesis
of colon cancer cells in vitro and in vivo.
Collectively, we dissected the oncogenetic
functions of SUMO1P3 in colon cancer and
found that SUMO1P3 is a promising prognostic
marker and therapeutic target for colon cancer
patients.

Materials and methods
Patients and clinical samples

Colon cancer tissues and matched adjacent
non-tumor tissues were obtained from 120
colon cancer patients who underwent colecto-
my with a signed informed consent at the
First Affiliated Hospital and College of Clinical
Medicine of Henan University of Science and
Technology (Luoyang, China) between October
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up time, 45.5 months; ra-

nge, 10-60 months). This
study was approved by the Ethics Committee of
the First Affiliated Hospital and College of
Clinical Medicine of Henan University of Science
and Technology. The clinico-pathological pa-
rameters of the colon cancer patients are sum-
marized in Table 1.

Cell culture

The human colon cancer cell lines (HT29,
HCT116, SW480, SW620, and LoVo), and the
human normal colonic epithelial cell line
(NCM460) and human umbilical vein endothe-
lial cells (HUVECs) were purchased from the
American Type Culture Collection (Manassas,
VA, USA). The authenticity of each cell line was
verified by short tandem repeat analysis. All
cells were cultured in Roswell Park Memorial
Institute 1640 medium (RPMI-1640; Gibco,
BRL, Carlsbad, CA, USA) supplemented with
10% fetal bovine serum (FBS; Gibco), 100 U/
mL penicillin, and 100 mg/mL streptomycin
(Sigma-Aldrich, St. Louis, MO, USA) at 37°Cin a
humidified incubator containing 5% CO,,.

Plasmid construction, transfection, and lentivi-
rus infection

Two short hairpin RNA (shRNA)-targeted SUM-
01P3 were designed by GenePharma (Shang-
hai, China) and cloned into pRNAT-U6.1/Neo
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plasmid (Biovector, Beijing, China) to generate
two pRNAT-U6.1/Neo-shSUMO1P3 plasmids
(shSUMO1P3-1 and shSUMO1P3-2). The empty
pRNAT-U6.1/Neo plasmid was used as the neg-
ative control (shNC). All constructs were con-
firmed by DNA sequencing. To knock down
SUMO1P3 expression, SW620 and LoVo cells
were transfected with shNC, shSUMO1P3-1, or
shSUMOZ1P3-2 by using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) in accordance
with the manufacturer’'s instructions. For
establishing a cell line with stable silence
of SUMO1P3, the plasmids carrying shSU-
MO1P3-1 or shNC were co-transfected with
packaging vectors, namely, pMDLg/pRRE,
pRSV-REV, and pCMV-VSVG, to produce pseu-
dotyped lentiviruses designated as Lv-shSU-
MO1P3-1 and Lv-shNC. The lentiviruses were
concentrated by ultracentrifugation and then
infected SW620 and LoVo cells. After 2 weeks
of screening using 200 pg/mL neomycin
(Sigma) for SW620 and LoVo cells transfected
with shSUMO1P3-1 or shNC plasmids (in vitro
assays) or using 300 pg/mL neomycin for
SW620 cells infected with Lv-shSUMO1P3-1
and Lv-shNC (in vivo assays), single clones were
collected.

gPCR analysis

Total RNAs were extracted from tissues and
shSUMO1P3-1- or shNC-transfected SW620
and LoVo cells using TRIzol reagent (Invitrogen)
in accordance with the manufacturer’s proto-
col. RNA was reverse transcribed into cDNA
using the PrimeScript RT reagent Kit (Takara,
Dalian, China). qPCR assay was performed on
an ABI 7500 real-time PCR system (Applied
Biosystems, Foster City, USA) with SYBR Green
Real-time PCR Master Mix (Takara). The quanti-
tative value was expressed using the 2584¢t
method. SUMO1P3 expression was normalized
against that of glyceraldehyde 3-phosphate
dehydrogenase (GAPDH). The primers were as
follows: for SUMO1P3, 5-ACTGGGAATGGAG-
GAAGA-3’ (forward) and 5-TGAGAAAG GATTG-
AGGGAAAAG-3’ (reverse); for GAPDH, 5-GGGA-
GCCAAAAGGGTCA T-3' (forward) and 5-GAGT-
CCTTCCACGATACCAA-3’ (reverse).

IHC staining
The human and mouse tissues were soaked in

4% formaldehyde, dehydrated with alcohol, and
then embedded in low-melting paraffin. Paraffin
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blocks were subsequently cut into 4 um sec-
tions and mounted on the polylysine-covered
slides (Maixin Biotech., Fuzhou, China). The
sections were boiled in citrate buffer (pH 6.0) to
retrieve the antigenicity following deparaffiniza-
tion and dehydration. Next, sections were incu-
bated with anti-human or anti-mouse CD34
antibodies (Cell Signaling Technology, Danvers,
MA, USA) overnight at 4°C followed by treat-
ment with a ChemMate EnVision Kit contain-
ing biotinylated secondary antibody (DAKO,
Hamburg, Germany) at 37°C for 20 min. The
sections were stained with diaminobenzidine
(Maixin Biotech.), counterstained with hema-
toxylin, and observed and photographed under
a light microscope (Leica, Wetzlar, Germany).

Evaluation of tumor microvascular density
(MVD)

MVD was assessed by CD34 expression (IHC
staining) as previously described [15, 16]. In
brief, the sections stained with CD34 were
scanned at a low magnification (100 x), and
all areas with a high density of highlighted
microvessels (“hot spots”) were identified. Five
hot spots were randomly selected and ob-
served, and the number of MVD values was cal-
culated by scanning at a total magnification of
200 x. Any positively stained endothelial cells
or clusters that were clearly separated from
adjacent microvessels, tumor cells, or other
connective tissues were considered as sepa-
rate countable vessels. The mean score of the
five areas was calculated as the level of MVD
for each sample.

Cell viability assay

Cell viability was determined by MTT assay. In
brief, SW620 and LoVo cells untransfected or
transfected with shSUMO1P3-1 or shNC plas-
mids were seeded into 96-well plates (2 x 103/
well) in triplicate. At 24, 48, 72, and 96 h after
transfection, the cells were incubated with MTT
(5 mg/mL; Sigma) for 4 h at 37°C. MTT solution
was then carefully removed, and dimethyl sulf-
oxide (Sigma) was added to each well. The opti-
cal density (OD) of each well was measured at
490 nm using a microplate reader (Bio-Rad,
Hercules, CA, USA).

Cell cycle analysis by flow cytometry

The untransfected and shNC- or shSUMO1P3-
1-transfected SW620 and LoVo cells were tryp-
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sinized and washed with cold phosphate-buff-
ered saline (PBS). The cells were then fixed with
ice-cold 70% ethanol at 4°C overnight. After
washing with PBS, the cells were treated with
RNAase (Takara) for 30 min at 37°C. Intrace-
llular DNA was labeled with propidium iodide
(50 pg/mL; Sigma) at 4°C for 30 min and then
analyzed using BD FACSCalibur flow cytometry
(BD Bioscience, San Jose, CA, USA). The pro-
portions of cells in the G1, S, and G2/M phases
were calculated using the ModFit software
(Verity Software House Inc., Topsham, ME,
USA).

Colony formation assay

For colony formation assay, the untransfected
and shSUMO1P3-1- or shNC-transfected SW-
620 and LoVo cells were placed in 6-well plates
(1 x 10%/well) and then maintained in RPMI-
1640 medium containing 10% FBS, with each
medium replaced every 3 days. After 14 days,
the cells were fixed with methanol and stained
with 0.5% crystal violet (Sigma). Visible colo-
nies were counted under a fluorescent micro-
scope (Olympus, Tokyo, Japan).

Wound healing assay

The untransfected and shSUMO1P3-1- or shNC-
transfected SW620 and LoVo cells were seed-
ed into 6-well plates (5 x 10%/well) precoated
with 10 pg/mL type | collagen (Sigma) and then
cultured until 200% confluence. The head of a
200 L tip was used to scratch the cells, creat-
ing a scraped line (wound). After washing with
ice-cold PBS, the cells were cultured in RPMI-
1640 medium containing 3% FBS and then
incubated for 24 h. Wound closure was viewed
under a phase-contrast microscope (Carl-Zeiss)
at 0 and 24 h after scratching. The migrated
extent of the cells into the wound area was
determined using Image Pro Plus software
(Media Cybernetics Inc., Bethesda, MD, USA).

Migration and invasion assays

Cell migration and invasion assays were per-
formed using Transwell chambers (8-um pore
size; BD Biosciences). For the migration assay,
3 x 10* SW620 and LoVo cells transfected with
shSUMO1P3-1 or shNC plasmids for 48 h were
seeded into the upper chamber of the inserts in
serum-free medium. For the invasion assay,
after transfection with shSUMO1P3-1 or shNC
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plasmids for 48 h, SW620 and LoVo cells (1 x
10°) in a serum-free medium were seeded into
the upper chamber of the inserts precoated
with Matrigel (BD Biosciences). A medium con-
taining 10% FBS was added to the lower cham-
ber for chemotaxis. After 24 h incubation, the
cells remaining on the upper membrane were
removed. The cells that migrated or invaded
through the membrane were stained with 0.1%
crystal violet, imaged, and counted using a fluo-
rescent microscope (Olympus).

Tube formation assay

Tube formation assay was carried out to evalu-
ate angiogenesis. In brief, 48-well plates were
coated with Matrigel (BD Biosciences; 200 uL/
well) and then allowed to polymerize at 37°C
for 30 min. HUVECs (1 x 10°%) were cultured in
conditioned media from untransfected and
shSUMO1P3-1- or shNC-transfected SW620
and LoVo cells. After 24 h of incubation, tube
formation was assessed with a phase-contrast
microscope (Carl-Zeiss). The relative tubule
length, number of tubule, and number of branch
points were measured using Image Pro Plus
software (Media Cybernetics Inc.).

Enzyme-linked immunosorbent assay (ELISA)

The secretion of vascular endothelial growth
factor A (VEGFA) by SW620 and LoVo cells was
evaluated using an ELISA kit (R&D Systems,
Inc., Minneapolis, MN, USA) in accordance with
the manufacturer’'s protocol. In brief, the
untransfected and shSUMO1P3-1- or NC-
transfected SW620 and LoVo cells were seed-
ed into 12-well plates and cultured for 24 h.
The supernatants were collected for VEGFA
measurement. Final results were expressed as

ng/uL.

Western blot analysis

Total protein was obtained from fresh tissues
with RIPA buffer (Beyotime, Shanghai, China)
and then centrifuged at 14,000 g and 4°C for
10 min. Proteins were separated by sodium
dodecyl-sulfate polyacrylamide gel electropho-
resis and transferred onto polyvinylidene fluo-
ride membranes (Millipore, Bedford, MA, USA).
After blocking in 5% nonfat milk for 2 h at room
temperature, the membranes were incubated
with primary antibodies, including cyclin D1,
E-cadherin, Vimentin, VEGFA, and B-actin (all
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Figure 1. The expression and clinical significance of SUMO1P3 in colon cancer. (A) SUMO1P3 expression was mea-
sured by qPCR assay and normalized to GAPDH in 120 pairs of colon cancer tissues and corresponding non-tumor
tissues. (B and C) Comparisons of SUMO1P3 levels in colon cancer patients at different stages (I/l stage, n = 63;
II/IV stage, n = 57) (B) and with (n = 60) or without (n = 60) lymphatic metastasis (C). (D) Association between
SUMO1P3 expression and MVD determined by CD34 expression. CD34 expression was evaluated by IHC assay in
colon cancer tissues from SUMO1P3 high-expression (n = 80) and low-expression (n = 40) groups. Magnification:
100 x. (E) Five-year survival rate of colon cancer patients with high expression (n = 80) and low expression (n = 40)
of SUMO1P3. All data are represented as the mean + SD of three replicates. *P < 0.05, **P < 0.01.

from Cell Signaling Technology), at 4°C over-
night. Next, the membranes were incubated
with horseradish-peroxidase-conjugated sec-
ondary antibodies (Sigma) at 37°C for 1 h.
Protein bands were visualized and detected
using the enhanced chemiluminescence De-
tection System (Thermo Fisher Scientific,
Waltham, MA, USA).

In vivo tumor growth and metastasis assay

Five-week-old male severe combined immune
deficiency (SCID) mice (weighing 22-24 g) were
obtained from the Institute of Zoology, Chinese
Academy of Sciences (Beijing, China) and main-
tained under specific pathogen-free conditions
at 22-24°C with a regular 12 h day/night cycle.
All experimental procedures were conducted in
accordance with the Guide for the Care and
Use of Laboratory Animals and approved by the
Animal Care and Use Committee of the First
Affiliated Hospital, and College of Clinical
Medicine of Henan University of Science and
Technology.
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For subcutaneous xenograft assay, 5 x 10°
SW620 cells infected with Lv-shNC or Lv-
shSUMO1P3-1 were subcutaneously inoculat-
ed in the flanks of the mice (n = 10 mice/group).
A caliper was used to examine the tumor vol-
umes once a week and the volumes were calcu-
lated as follows: tumor volume width? x
length/2. At 6 weeks post-inoculation, the mice
were sacrificed by euthanasia. The tumors were
then removed, photographed, and weighed.
Half of the tumor tissues were stored at -80°C
for gPCR and Western blot analyses, and the
remaining tissues were immediately soaked in
4% formaldehyde and embedded in paraffin for
IHC staining.

Liver metastasis of colon cancer was per-
formed as previously described [17]. In brief,
SCID mice (n = 10 mice/group) were anesthe-
tized with 4% chloral hydrate (10 mL/kg), and
a small left abdominal incision was made
under sterile conditions. After the spleen was
exteriorized, 1 x 10° SW620 cells expressing
shNC or shSUMO1P3 were injected into the
spleen using a sterile tuberculin syringe with a
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Figure 2. SUMO1P3 silencing suppressed the viability and proliferation of colon cancer cells in vitro. (A) SUMO1P3
expression was measured by gPCR assay and normalized to GAPDH expression in five colon cancer cell lines (HT29,
HCT116, SW480, SW620, and LoVo) and the normal colonic epithelial cells NCM460. (B) Inhibitory efficiency of
shSUMO1P3-1 and shSUMO1P3-2 on SUMO1P3 expression in SW620 and LoVo cells was evaluated by qPCR assay.
(C-F) SW620 and LoVo cells were untransfected (control) and transfected with shSUMO1P3-1 or shNC plasmids. (C)
MTT assay was performed to determine cell viability at 24, 48, 72, and 96 h after transfection. (D) Flow cytometry
analysis for cell cycle of SW620 and LoVo cells. The cell percentages in the G1, S, and G2/M phases were calculat-
ed. (E) Representative colony formation images of the cells. (F) Colonies were counted in (E). Data are represented
as the mean + SD of three replicates. *P < 0.05, **P < 0.01 compared with Ctrl or shNC group. Ctrl: control; shNC:

negative control.

27-gauge needle. At 10 min after the injection,
splenectomy was performed. The abdominal
incision was closed with nylon sutures. After 3
weeks, the mice were euthanized and liver
metastases were examined. Livers with visible
tumor colonies were collected and sectioned
for hematoxylin/eosin staining. The total num-
ber of metastases per liver section was cal-
culated.

Statistical analysis

Statistical analyses were performed using
SPSS 18.0 software (SPSS Inc., Chicago, IL,
USA). Data were presented as mean * standard
deviation (SD). The difference between groups
was analyzed using Student’s t-test or one-way
ANOVA and the Bonferroni post-hoc test. The
frequencies were evaluated with the Chi-
squared test. Survival curves were plotted
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using the Kaplan-Meier method and measured
using the log rank test. Statistical significance
was considered at P < 0.05.

Results

Upregulation of SUMO1P3 is positively associ-
ated with advanced histological grade, me-
tastasis, angiogenesis, and poor prognosis of
colon cancer patients

gPCR analysis was performed to evaluate
SUMO1P3 expression in 120 colon cancer tis-
sues and the corresponding non-tumor coun-
terparts. Results showed that SUMO1P3 ex-
pression was significantly increased in colon
cancer tissues compared with the non-tumor
samples (Figure 1A). The correlation of SU-
MOZ1P3 enhancement with clinicopathological
features of colon cancer patients was then

Am J Transl Res 2017;9(12):5461-5472



SUMO1P3 facilitates Colon cancer progression

SW620 LoVo B
shNC shSUMO1P3-1 shSUMO1P3-1

SwWe20

I Ctrl
@l shNC
El shSUMO1P3-1

*%

-

1

Percentage of
wound width (%)

C Ctrl shNC shsUMO1P3-1 D

LoVo mm ctrl
@@ shNC
Bl shSUMO1P3-1

B Ctrl
B8 shNC
Bl shSUMO1P3-1

= =2

Percentage of
wound width (%)
Migrated cells

F

@ Ctrl
@8 shNC
Bl shSUMO1P3-1

Z

-
X
=]

SW620

@ ©
o o

Invaded cells

30

LoVo
(-1

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 um. (B) Quantification of the wound width in (A) at O 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.

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-
MOZ1P3 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.
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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
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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.

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
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(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
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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 gPCR 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.

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
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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.
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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
IncRNAs 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 INncRNAs 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/GO 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 IncRNA 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
IncRNAs 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
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migratory and invasive capacities, as well as
elevated resistance to apoptosis [24]. When
EMT occurs, the epithelial markers, such as
E-cadherin, and a-catenin are downregulated,
while the mesenchymal markers, such as
N-cadherin, Vimentin, slug, snail, and 3-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 Z0O-1, and reduced
levels of ZEB1 and N-cadherin in SW620 cells
[12]. In this study, IncRNA 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 cancertissues 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 B-actin western bands.



