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Abstract. - OBJECTIVE: Long non-coding
RNA SUMO1P3 has been reported to act as an
oncogene in the tumorigenesis of several types
of human malignancy. However, to the best of
our knowledge, the exact biological functions
and potential mechanism of IncRNA SUMO1P3
in glioma remains unknown. Therefore, the aim
of this study was to investigate the potential role
of SUMO1P3 in glioma and to explore the under-
lying mechanism.

PATIENTS AND METHODS: The present study
examined SUMO1P3 expression in glioma tissues
and cell lines using reverse transcription-quanti-
tative polymerase chain reaction. Cell Counting
Kit-8 (CCK-8) and transwell assays were used to
examine the effects of SUMO1P3 on the prolif-
eration and invasion of glioma cells, respective-
ly. Furthermore, Western blot was used to detect
the expression levels of proteins in the epitheli-
al-mesenchymal transition (EMT) process.

RESULTS: The expression level of SUMO1P3
was higher in glioma tissues compared with cor-
responding adjacent normal tissues. In addition,
a high expression level of SUMO1P3 was signifi-
cantly associated with clinical progression and
poor survival for patients with glioma. Further-
more, the knockdown of SUMO1P3 inhibited the
proliferation, migration and invasion of U87 and
U251 cells. In addition, the knockdown of SU-
MO1P3 inhibits glioma growth in vivo. Finally,
the knockdown of SUMO1P3 inhibited the epi-
thelial-mesenchymal transition and reduced the
expression levels of active B-catenin, C-myc,
and cyclin D1 in U87 and U251 cells. By contrast,
the overexpression of SUMO1P3 promoted gli-
oma cell proliferation, migration, and invasion.

CONCLUSIONS: SUMO1P3 promotes glioma
cell proliferation, migration, and invasion, and
may be involved in Wnt/B-catenin signaling.
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Introduction

Glioma, arising from astrocytes or astroglial
precursors, is the most common and aggressive
type of malignancy in the central nervous sys-
tem'. An increasing number of studies have been
performed with the aim to elucidate the etiology
and mechanism of glioma. Additionally, the com-
prehensive treatment strategies for glioma, in-
cluding surgery, chemotherapy, radiotherapy, and
targeted therapy, have improved over the past few
decades??. However, patients with glioma remain
to have a poor prognosis with an overall survival
time of 12-15 months, which can be attributed to
the invasiveness of glioma and the high rate of
relapse following surgery*>. Therefore, there is a
requirement to improve understanding regarding
the mechanisms underlying glioma initiation and
progression, and to establish precise diagnostic
and therapeutic targets for the optimized manage-
ment of glioma.

Long non-coding RNAs (IncRNAs) serve
crucial regulatory roles in a large number of
physiological and pathological processes, in-
cluding the development of cancer®®. LncRNAs
function via different mechanisms, including
regulation of gene transcription, post-transcrip-
tional regulation, and epigenetic regulations®'’.
Pseudogenes, including small ubiquitin-like mod-
ifier 1 pseudogene 3 (SUMOIP3), constitute a
separate class of IncRNAs and serve key roles in
the initiation and progression of human cancer.

SUMOIP3 (NR_002190.1) was originally re-
ported as an important novel diagnostic bio-
marker and therapeutic target for gastric cancer''.
Subsequently, it was revealed that the expression
level of SUMOIP3 is significantly higher in blad-
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der cancer tissues, and SUMOI1P3 promotes blad-
der cancer growth and metastasis'?. In addition,
SUMOIP3 can facilitate the progression of breast
cancer®, colon cancer'®, pancreatic cancer', and
hepatocellular carcinoma'®. However, to the best
of our knowledge, the relative expression, func-
tion, and molecular mechanism of SUMOI1P3 in
glioma remain unknown.

The present investigation reported that SU-
MOIP3 expression was higher in glioma tissues
and cell lines. The increased expression level of
SUMOIP3 was positively associated with tumor
size and advanced tumor stage, and it negatively
associated with the prognosis of patients with
glioma. In addition, SUMOIP3 knockdown in-
hibited the proliferation, migration and invasion
of glioma cells, and suppressed the Wnt/B-catenin
pathway. By contrast, SUMOI1P3 overexpression
promoted glioma cell proliferation, migration,
and invasion. In summary, the current results
revealed the oncogenic functions of SUMOI1P3 in
glioma, which suggests it may serve as a promis-
ing prognostic marker and therapeutic target for
patients with glioma.

Patients and Methods

Clinical Samples

A total of 66 pairs of glioma tissue samples
and paired normal tissue samples were obtained
from the Department of Neurosurgery, The First
Affiliated Hospital of Gannan Medical Univer-
sity (Ganzhou, China) between 2006 and 2010.
All patients were pathologically confirmed to
have glioma and had not received preoperative

chemotherapy or radiation. The tissue samples
were collected during surgery and stored in lig-
uid nitrogen. The current study was performed
with approval from the Ethics and Research
Committees of the First Affiliated Hospital of
Gannan Medical University (Ganzhou, China).
Written informed consent was obtained from all
patients involved in the research. The clinical
characteristics of all patients are summarized
in Table I.

Reverse Transcription-Quantitative
Polymerase Chain Reaction (RT-qPCR)
According to the manufacturer’s protocol,
TRIzol (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) was used to isolate
RNA from tissues or cells. The isolated RNA was
then reverse transcribed using the PrimeScript
RT Reagent kit (Invitrogen; Thermo Fisher Sci-
entific, Inc., Waltham, MA, USA), and qPCR was
performed using SYBR Premix Ex Taq (Takara
Biotechnology Co., Ltd., Dalian, China). GAPDH
was used as internal control. RT-qPCR was per-
formed using the ABI PRISM 7500 PCR system
(Applied Biosystems; Thermo Fisher Scientific,
Inc., Waltham, MA, USA). The primer sequences
for SUMOIP3 and GAPDH are presented in Ta-
ble II. The median expression level was used as
the cut-off value to divide patients with glioma
into high and low SUMOI1P3 expression groups.

Cell Culture

Human glioma cell lines (SHG-44, U-118MG,
and U251), a glioblastoma cell line of unknown
origin (U87), and a human astroglial cell line
(HA) was purchased from the American Type

Table I. Association of LINC00675 with clinicopathological characteristics of ESCC patients.

SUMO1P3 expression
Clinicopathological parameters N? H L ¥2 p-value
All 66 33 33
Age (years) 0.149 0.773
<40 23 13 10
>40 43 20 23
Sex 0.186 0.811
Male 40 21 19
Female 26 12 14
Tumor size 4.863 0.037
<4 cm 28 11 17
>4 cm 38 22 16
TNM stage 6.133 0.021
I-11 15 1 14
111 51 32 19
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Table IlI. Real Time-PCR primers.

Gene Forward primer Reverse primer
SUMOIP3 ACTGGGAATGGAGGAAGA TGAGAAAGGATTGAGGGAAAAG
GAPDH CGCTCTCTGCTCCTCCTGTTC ATCCGTTGACTCCGACCTTCAC

Culture Collection (ATCC, Manassas, VA, USA).
All cell lines were cultured in Dulbecco’s mod-
ified Eagle’s medium (DMEM; Gibco; Grand
Island, NY, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco, Grand Island, NY,
USA), and 50 U/ml penicillin and 0.1 mg/ml
streptomycin. All cells were incubated at 37°C
and 5% CO.,.

SUMOIP3 Short Hairpin RNA (shRNA)
and Plasmid Transfection

SUMOI1P3 shRNA (sh-SUMOI1P3) and SU-
MOIP3 overexpression plasmid were obtained
from Shanghai GenePharma Co., Ltd. (Shang-
hai, China). Lipofectamine 3000 kit (Invitrogen,
Thermo Fisher Scientific, Inc., Waltham, MA,
USA) was used to perform the transfections, ac-
cording to the manufacturer’s protocol. RT-qPCR
was used to evaluate the knockdown efficiency.

Cell Counting Kit-8 Assay

Cell proliferation was examined every 24 h,
according to the manufacturer’s protocol. Cells
were plated in 96-well plates at a density of
~3,000 cells/well. Subsequently, 10 pul CCKS
(Dojindo Molecular Technologies, Kumamoto,
Japan) was added, and the cells were incubated
for 2 h. Finally, the absorbance at 450 nm was
determined.

Wound-Healing Assay

Cells transfected with sh-SUMOI1P3 or sh-NC
were cultured in 6-well plates (Sigma-Aldrich, St.
Louis, MO, USA) until a confluency of 95% was
reached. The cell layer was then scratched using
a 10 ul pipette tip, gently washed with PBS, and
cultured in fresh serum-free DMEM for 24 h.
Finally, a microscope was used to observe and
analyze the migrated distance.

Cell Invasion Assay

Cell invasion ability was determined using
BD 24-well transwell chambers (Costar; Corn-
ing Inc., Corning, NY, USA) pre-coated with
Matrigel, according to the manufacturer’s pro-
tocol. Firstly, 1x10° cells suspended in 200 pl

serum-free medium were seeded in the upper
chamber, and 800 ul DMEM supplemented with
10% FBS was placed in the lower chamber. Fol-
lowing incubation for 18 h, cells on the lower
chamber membrane were fixed with 4% formal-
dehyde and stained with 1% crystal violet. Final-
ly, cells in five random fields of the membrane
were counted by microscopy.

In Vivo Tumor Xenografts Experiments

4-week-old BALB/c nude mice were purchased
from SLAC Laboratories Animal, Shanghai, Chi-
na. Cells (1 x 107 cells/ml) stably transfected
with sh-NC or sh- SUMOI1P3 were harvested and
re-suspended in serum-free medium and subcuta-
neously injected in the right flank of mice. Three
to four weeks later, the mice were sacrificed, and
the tumors were dissected, photographed, and
weighed. Treatments of the animal were per-
formed on the basis of the Guide for the Care and
Use of Laboratory Animals.

Western Blot Analysis

RIPA buffer (Beyotime Institute of Biotech-
nology, Haimen, China) was used to extract
proteins from the cells. The proteins were then
subjected to 10% SDS-PAGE and electropho-
retically transferred to polyvinylidene difluo-
ride membranes (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). Following blocking with
5% non-fat milk, the membranes were incubat-
ed with primary antibodies. Finally, electro-
chemiluminescence kit (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA) was used to detect
the immunoblots, which were visualized follow-
ing X-ray film exposure.

Statistical Analysis

Experimental data from a minimum of three in-
dependent experiments are presented as the mean
+ standard deviation. SPSS 18.0 software (SPSS,
Inc., Chicago, IL. USA) was used to perform
statistical analysis. The associations between SU-
MOIP3 expression level and clinicopathological
factors were assessed by ’-tests. Differences be-
tween groups were evaluated by Student’s z-test
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for continuous variables and y’-test for categori-
cal variables. p<0.05 was considered to indicate a
statistically significant difference.

Results

SUMOIP3 Expression Level is Higher in
Glioma Tissues and Cell Lines

The RT-gqPCR analysis was performed to mea-
sure the relative expression of SUMOIP3 in 66
pairs of glioma tissue and adjacent normal tissue.
The results revealed that SUMOIP3 expression
was significantly higher in glioma tissues com-
pared with corresponding adjacent normal tissues
(Figure 1A). The SUMOI1P3 expression level was
further analyzed in four human glioma cell lines
and the human astroglial cell line HA. It was
identified that the expression level of SUMOI1P3
was higher in glioma cell lines compared with the
HA cell line (Figure 1B).

A High Expression Level of SUMOIP3
is Associated With Disease Progression
and Poor Prognosis for Patients With
Glioma

The associations between SUMOIP3 expres-
sion level and clinicopathological factors of 66
patients with glioma were investigated (Table I).
This revealed that a high expression level of SU-
MOI1P3 was associated with tumor size and clin-
ical stage; however, no significant associations
were identified between SUMOIP3 expression
level, and age and sex. In addition, Kaplan-Meier
survival curves indicated that patients with a
high SUMOI1P3 expression level had significantly
poorer survival rates compared with patients with
a low expression level of SUMOI1P3 (Figure 1C).

SUMOIP3 Knockdown Inhibits
Glioma Cell Proliferation, Migration,
and Invasion
The SUMOIP3 expression level was signifi-
cantly lower in cells transfected with the specific
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Figure 1. Expression pattern of SUMOIP3 in glioma and its clinical significance. A, Relative expression levels of SUMO1P3
in 66 pairs of glioma tissue and adjacent non-tumor tissues were measured by reverse transcription-quantitative polymerase
chain reaction. *“p<0.001. B, Relative expression levels of SUMOIP3 in glioma cell lines. *p <0.05, **p <0.01. C, Kaplan-
Meier survival curves for patients with glioma with high and low expression levels of SUMOI1P3.
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SUMOIP3 shRNA compared with cells trans-
fected with the negative control (Figure 2A and
B). In addition, SUMOIP3 knockdown markedly
suppressed the proliferation ability of U87 (Fig-
ure 2C) and U251 cells (Figure 2D). Wound-heal-
ing assays demonstrated that SUMOI1P3 silenc-
ing significantly impaired the migration abili-
ty of U87 (Figure 2E) and U251 cells (Figure
2F). Additionally, cell invasion assays indicated
that knockdown of SUMOI1P3 significantly sup-
pressed the cell invasion ability of U87 and U251
cells (Figure 2G).

Overexpression of SUMOI1P3 Enhances
Glioma Cell Proliferation, Migration,
and Invasion

The expression level of SUMOIP3 was mark-
edly higher in cells transfected with the specif-
ic SUMOIP3 overexpression plasmid compared
with cells transfected with the negative control
(Figure 3A and B). SUMOIP3 overexpression
significantly enhanced the proliferative ability
of U87 (Figure 3C) and U251 cells (Figure 3D).
Wound-healing assays demonstrated that SU-
MOIP3 overexpression markedly promoted the
migration ability of U87 (Figure 3E) and U251
cells (Figure 3F). In addition, cell invasion assays
indicated that SUMOI1P3 overexpression signifi-
cantly enhanced the invasion ability of U87 and
U251 cells (Figure 3G).

SUMOIP3 Knockdown Suppresses
Glioma Growth In Vivo

To assess the effect of SUMOIP3 on glioma
growth in vivo, U87 cells stable transferred with
sh-NC or sh-SUMOI1P3 were injected into nude
mice, and the tumor growth was measured. Our
results suggested that tumor growth was slower
in sh- SUMOIP3 compared with sh-NC group
(Figure 4A). Moreover, the tumor size and weight
were obviously reduced in sh- SUMOIP3 group
compared with sh-NC group (Figure 4B and 4C).
We also determined the expression of SUMO1P3
in xenograft tumor and found that SUMOI1P3
knockdown leads to a decrease of SUMOI1P3 ex-
pression (Figure 4D) in xenograft tumor.

SUMOIP3 Knockdown Suppresses the
Wnt/D-catenin Pathway in Glioma Cells
A number of studies have confirmed that the
Whnt/B-catenin pathway is constitutively active in
numerous types of human malignancy, including
glioma. To further investigate whether SUMO1P3
regulates glioma development via Wnt/B-catenin

pathway activation, western blot assays were used
to evaluate the relative expression levels of asso-
ciated genes in glioma cells. As demonstrated in
Figure 5, knockdown of SUMOI1P3 significantly
increased E-Cadherin expression but marked-
ly reduced the expression levels of N-cadherin,
B-catenin, Vimentin, Slug, Snail, C-myc, and
cyclin D1. These results indicate that SUMOI1P3
may be involved in the Wnt/B-catenin pathway in
human glioma cells.

Discussion

LncRNA SUMOIP3, an important member of
the SUMO pseudogene family, was originally
identified to be upregulated in gastric cancer'’.
Subsequently, certain studies revealed that SU-
MOIP3 expression was high in bladder, colon
and breast cancer, and this high expression level
of SUMOIP3 was revealed to be associated
with disease progression and poor prognosis.
Furthermore, SUMOIP3 has been revealed to
promote the growth, invasion, and metastasis of
different cancer types'*'*. Zhou et al'® reported
that SUMOI1P3 enhanced tumor growth and
invasion and repressed radiosensitivity in he-
patocellular carcinoma. These previous studies
indicate that SUMOIP3 serves oncogenic roles
in human cancer; however, to the best of our
knowledge, the function of SUMOI1P3 in glioma
remains unclear.

The present investigation identified that SU-
MOIP3 expression was significantly higher in
glioma tissues and cell lines, and this high
expression of SUMOIP3 in glioma tissues was
positively associated with the progression of
glioma and a poor prognosis for patients. It
was then revealed that SUMOIP3 knockdown
repressed cell proliferation, migration, and in-
vasion of glioma cells. By contrast, SUMO1P3
overexpression promoted glioma cell prolifer-
ation, migration, and invasion. These results
were consistent with the previously published
data. Finally, we demonstrated that SUMOI1P3
knockdown inhibited the epithelial-mesenchy-
mal transition (EMT) and the Wnt/B-catenin
signaling pathway in glioma.

EMT 1is an important pathological process
in the initiation and development of numerous
types of human malignancy, including glioma'”'®.
During this pathological process, cell-cell ad-
hesion and cell polarity are reduced in cancer
cells, and mesenchymal characteristics, including
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Figure 2. SUMOI1P3 silencing inhibits proliferation, migration and invasion of glioma cells. A, The inhibitory efficiency of
sh-SUMOIP3 on SUMOI1P3 expression level in U87 cells was evaluated by RT-qPCR analysis. **p <0.01. B, The inhibitory
efficiency of sh-SUMOIP3 on SUMOI1P3 expression in U251 cells was evaluated by RT-qPCR analysis. **p <0.01. C, A CCK-
8 assay was used to determine the proliferation ability of U87 cells. (D) A CCK-8 assay was used to determine the proliferation
ability of U251 cells. E, Wound-healing assays were used to determine the migration ability of U87 cells (magnification: 40x).
F, Wound-healing assays were used to determine the migration ability of U251 cells (magnification: 40x). G, Cell invasion
assays were used to determine the invasive abilities of U87 and U251 cells (magnification: 40x).
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Figure 3. SUMOIP3 overexpression promotes proliferation, migration and invasion of glioma cells. A, The expression level
of SUMOIP3 was significantly higher in U87 cells transfected with SUMOIP3 plasmid compared with cells transfected
with the empty vector. **p <0.01. B, The expression level of SUMOI1P3 was significantly higher in U251 cells transfected
with SUMOIP3 plasmid compared with cells transfected with the empty vector. **p <0.01. C, A CCK-8 assay was used to
determine the proliferation ability of U87 cells. D, A CCK-8 assay was used to determine the proliferation ability of U251 cells.
E, Wound-healing assays were used to determine the migration ability of U87 cells (magnification: 40x). F, Wound-healing
assays were used to determine the migration ability of U251 cells (magnification: 40x). G, Cell invasion assays were used to
determine the invasive abilities of U87 and U251 cells (magnification: 40x).
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Figure 4. SUMOI1P3 promotes growth of glioma cells in vivo. A, Tumors collected from nude mice were excised. B, The
tumor volumes were calculated every week after injection. C, The tumor weight of nude mice was suppressed in SUMO1P3
shRNA group compared with the negative group. D, Expression levels of SUMOI1P3 in tumors. **p <0.01.
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Figure 5. Influence of SUMO1P3 knockdown on the expression levels of proteins associated with the epithelial-mesenchymal
transition and the Wnt/B-catenin signaling pathway.
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of human malignancy*. Furthermore, vimentin,
B-catenin, slug, and snail are widely accepted
indicators for EMT". The current data demon-
strated that knockdown of SUMOIP3 increased
the expression level of E-cadherin and reduced
the expression levels of N-Cadherin Vimentin,
B-catenin, slug, and snail, which suggests that
SUMOI1P3 promotes the EMT process in the de-
velopment of glioma.

Considering its substantial effect on the
EMT, drug resistance and the maintenance of
cancer stem cells during glioma development,
the Wnt/B-catenin signaling pathway has been
acknowledged as a promising therapeutic tar-
get for glioma*?*. A number of studies have
reported that certain IncRNAs exert vital roles
in human cancer via the Wnt/B-catenin path-
way; however, IncRNAs that can regulate the
Wnt/B-catenin signaling pathway and EMT are
infrequently investigated”. Tian et al' reported
that SUMOIP3 can promote cell proliferation,
migration, and invasion in pancreatic cancer
via the EMT. The current western blot analysis
results demonstrated that SUMOIP3 knock-
down significantly inhibited the B-catenin ex-
pression and also suppressed the expression
of C-myc and cyclin D1, which are important
downstream genes of the Wnt/B-catenin sig-
naling pathway. These data suggest that SU-
MOIP3 can activate the Wnt/B-catenin path-
way in glioma cells.

Conclusions

The present study revealed that SUMOI1P3
promotes glioma cell proliferation, migration,
and invasion, and is associated with the EMT and
Wnt/B-catenin signaling pathway. In summary,
we demonstrated that SUMOI1P3 may serve as a
useful prognostic indicator for patients with glio-
ma, and targeting SUMOIP3 and the Wnt/B-cat-
enin signaling pathway may be a novel therapeu-
tic strategy for glioma.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Availability of Data and Materials

The datasets used and/or analyzed during the current re-
search are available from the corresponding author on rea-
sonable request.

Ethics Approval and Consent to Participate
The present investigation was approved by the Ethics and
Research Committees of the First Affiliated Hospital of
Gannan Medical University, and performed in accordance
with the principles of the Declaration of Helsinki. Written
informed consent was collected from all subjects.

Authors’ Contribution

JiL, JuL and JC designed the study. JiL and JuL performed
experiments and analyzed the data. SY, GD, WL, RZ and
CQ collected and analyzed clinical samples and was also
a major contributor in writing the manuscript. All authors
read and approved the final manuscript.

References

1) SieceL RL, Miter KD, JemaL A. Cancer statistics,
2017. CA Cancer J Clin 2017; 67: 7-30.

2) KesANAKURTI D, MADDIRELA D, BANASAVADI-SIDDEGOWDA
YK, Lai TH, Qawmri Z, JacoB NK, SAmPATH D, MoHA-
NAM S, Kaur B, PubuvaLLl VK. A novel interaction of
PAK4 with PPARgamma to regulate Nox1 and ra-
diation-induced epithelial-to-mesenchymal tran-
sition in glioma. Oncogene 2017; 36: 5309-5320.

3) Haas BR, SontHemver H. Inhibition of the sodi-
um-potassium-chloride cotransporter isoform-1
reduces glioma invasion. Cancer Res 2010; 70:
5597-5606.

4) PAPAGIANNAKOPOULOS T, FRIEDMANN-MOoRvINski D, NEVEU
P, Dugas JC, Git RM, HuitAaro E, Liu C, ZonG
H, RowitcH DH, Barres BA, VErRmA IM, Kosik KS.
Pro-neural miR-128 is a glioma tumor suppressor
that targets mitogenic kinases. Oncogene 2012;
31: 1884-1895.

5) Danussi C, Bose P, PARTHASARATHY PT, SitBERMAN PC,
VAN ArRNAM JS, Vituca M, TanGg OY, HeGcuy A, WANG
Y, CHAN TA, Rigains GJ, SuLMAN EP, LANG F, CREIGH-
ToN CJ, DENEEN B, MiLLer CR, Picketts DJ, KANNAN K,
Huse JT. Atrx inactivation drives disease-defining
phenotypes in glioma cells of origin through glob-
al epigenomic remodeling. Nat Commun 2018; 9:
1057.

6) Huana C, Liu' S, WaNG H, ZHANG Z, YANG Q, Gao F.
LncRNA PVT1 overexpression is a poor prognos-
tic biomarker and regulates migration and inva-
sion in small cell lung cancer. Am J Transl Res
2016; 8: 5025-5034.

7) Zrou C, Huang C, WaNG J, HuanG H, Li J, XE Q,
Lu Y, Zru J, L1'Y, Zrang D, Znu Q, Huang C. Ln-
cRNA MEGS3 downregulation mediated by DN-
MT3b contributes to nickel malignant transfor-
mation of human bronchial epithelial cells via
modulating PHLPP1 transcription and HIF-1alpha
translation. Oncogene 2017; 36: 3878-3889.

8) ZHao J, Du P, Cu P, QN Y, Hu C, Wu J, ZHou Z,
ZHAanG W, QN L, Huang G. LncRNA PVT1 pro-
motes angiogenesis via activating the STAT3/
VEGFA axis in gastric cancer. Oncogene 2018;
37: 4094-4109.



J.-Y. Lou, J. Luo, S.-C. Yang, G.-F. Ding, W. Liao, R.-X. Zhou, C.-Z. Qiu, J.-M. Chen

9)

10)

11)

12)

13)

14)

15)

16)

17)

Liu Y, Znang M, LianG L, Li J, CHen YX. Over-ex-
pression of IncRNA DANCR is associated with
advanced tumor progression and poor prognosis
in patients with colorectal cancer. Int J Clin Exp
Pathol 2015; 8: 11480-11484.

Peng WX, Koirata P, Mo YY. LncRNA-mediated
regulation of cell signaling in cancer. Oncogene
2017; 36: 5661-5667.

Mer D, SonGg H, WANG K, Lou Y, Sun W, Liu Z, DiNnG
X, Guo J. Up-regulation of SUMO1 pseudogene 3
(SUMO1P3) in gastric cancer and its clinical as-
sociation. Med Oncol 2013; 30: 709.

ZHAN YH, Liu YC, WanG CL, Lin JH, CHEN MW/, CHEN
XY, ZHuANG CL, Liu L, Xu W, ZHou Q, SuN XJ, ZHANG
QX, ZHao GP, Huang WR. Increased expression of
SUMO1PS3 predicts poor prognosis and promotes
tumor growth and metastasis in bladder cancer.
Oncotarget 2016; 7: 16038-16048.

Liu J, SonG Z, Feng C, Lu Y, ZHou Y, LiN Y, Dong C.
The long non-coding RNA SUMO1PS3 facilitates
breast cancer progression by negatively regulating
miR-320a. Am J Transl Res 2017; 9: 5594-5602.

ZHANG LM, WanG P, Liu XM, ZHanGg YJ. LncRNA
SUMO1P3 drives colon cancer growth, metasta-
sis and angiogenesis. Am J Transl Res 2017; 9:
5461-5472.

Tian C, JN Y, SHi S. Long non-coding RNA SU-
MO1P3 may promote cell proliferation, migration,
and invasion of pancreatic cancer via EMT signal-
ing pathway. Oncol Lett 2018; 16: 6109-6115.

Zrou Y, He P, Xie X, Sun C. Knockdown of SU-
MO1P3 represses tumor growth and invasion and
enhances radiosensitivity in hepatocellular carci-
noma. Mol Cell Biochem 2019; 1: 125-134.

Tatetsu H, Kong NR, CHonG G, AmABILE G, TENEN
DG, CHai L. SALL4, the missing link between stem

19)

20)

21)

22)

23)

24)

25)

cells, development and cancer. Gene 2016; 584:
111-119.

HAN J, Awvarez-Breckenripce CA, WanG QE, Yu J.
TGF-beta signaling and its targeting for glioma
treatment. Am J Cancer Res 2015; 5: 945-955.

SonG Z, Feng C, Lu Y, Lin Y, Dong C. PHGDH is an
independent prognosis marker and contributes
cell proliferation, migration and invasion in human
pancreatic cancer. Gene 2018; 642: 43-50.

SHiBue T, WeinBerg RA. EMT, CSCs, and drug re-
sistance: the mechanistic link and clinical impli-
cations. Nat Rev Clin Oncol 2017; 14: 611-629.

NoH MG, OH SJ, AxN EJ, Kim YJ, JunG TY, Juna S,
Kim KK, Lee JH, Lee KH, Moon KS. Prognostic sig-
nificance of E-cadherin and N-cadherin expres-
sion in gliomas. BMC Cancer 2017; 17: 583.

XionG Y, Liu L, ZHU S, ZHANG B, QIN Y, YA0 R, ZHou
H, Gao DS. Precursor N-cadherin mediates gli-
al cell line-derived neurotrophic factor-promot-
ed human malignant glioma. Oncotarget 2017; 8:
24902-24914.

LomBArDO G, Giul M, GRANGE C, CAvALLARI C, DENTEL-
L P, ToGgLatTo G, TAVERNA D, Camussi G, Brizzi MF.
IL-3R-alpha blockade inhibits tumor endotheli-
al cell-derived extracellular vesicle (EV)-mediat-
ed vessel formation by targeting the beta-catenin
pathway. Oncogene 2018; 37: 1175-1191.

McCartHy TL, KaLLen CB, CentreLta M. beta-Caten-
in independent cross-control between the estra-
diol and Wnt pathways in osteoblasts. Gene 2011;
479: 16-28.

Yue B, Liu C, Sun H, Liu M, Song C, Cul R, Qu S,
ZHonGg M. A positive feed-forward loop between
IncRNA-CYTOR and Wnt/beta-catenin signaling
promotes metastasis of colon cancer. Mol Ther
2018; 26: 1287-1298.



