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Glioma is the most common and lethal malignant intracranial tumor. Lo
have been identified as pivotal regulators in the tumorigenesis of gliorg

r, the role of IncRNA
pose of this study was
to investigate the underlying function of UCA1 on glioma genesis.
upregulated in glioma tissue and indicated a poor prognosis. UC

cantly suppressed the proliferative, migrative, and invasive acy
Bioinformatics analysis and luciferase reporter assay verifi
miR-122 at the 3’-UTR. Functional experiments revealed
late glioma cell proliferation, migration, and invasio

study demonstrated that IncRNA UCAL1 acts as an

proliferation, migration, and invasion, which provi

genesis of glioma.
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s a novellinsight and therapeutic target in the tumori-

); Urothelial carcinoma-associated 1 (UCA1);

tem, which is rarely
to its invasive grow s common for glioma
patients to receive radi y and/or chemotherapy
after tumor-reductive surgdfy’. According to the WHO
classification, glioma is histologically divided into four
grades: grade I to grade IV*. The invasion and recur-
rence rate of malignant glioma are significantly higher
than in other intracranial tumors, especially glioblas-
toma (GBM). After surgical treatment, temozolomide
(TMZ) chemotherapy, or radiotherapy, the prognosis of
GBM is still poor with a median survival of only 12—
15 months™®. Thus, the precise pathogenesis of invasion
and metastasis for glioma is urgently needed in order to
explore and target therapeutic methods.

k]

Long noncoding RNAs (IncRNAs) are important
elements in numerous human diseases, including ath-
erosclerosis’, diabetes mellitus®, and tumors’. Urothelial
carcinoma-associated 1 (UCA1) is a novel identified
IncRNA and is dramatically upregulated in transitional
bladder cell carcinoma (TCC)". Recently, RNA sequenc-
ing technologies and advanced bioinformatics analyses
have uncovered the undiscovered regulatory mechanism
of IncRNAs, for instance, microRNA (miRNA) sponges
and competing endogenous RNA (ceRNA)"'. In chronic
myeloid leukemia, UCA1 functions as a ceRNA of mul-
tidrug resistance protein-1 through completely binding
the common miR-16°. In addition, a series of IncRNAs
participates in the modulation of proliferation and inva-
sion of glioma, for instance, MALAT1 and PTCSC3", as
well as metastasis and epithelial-mesenchymal transi-
tion, such as SPRY4-IT1 and ROR"",
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Likewise, miRNAs are widely expressed in different
ways in glioma tissue and play an important role in gli-
oma tumorigenesis'. It has been reported that miRNAs
regulate glioma tumorigenesis and progression through
targeting the mRNA 3’-UTR of pivotal protein molecules,
exerting functional inhibitory or promotional roles'.
miR-122 is generally considered to be a tumor suppres-
sor in breast, bladder, and esophageal cancers, as well as
others'™". In the plasma of glioma patients, the expres-
sion of miR-122 is significantly downregulated compared
to healthy individuals and is significantly correlated with
the WHO grade, being decreased during the gliomas’ malig-
nant processes’’.

In the present study, we investigated the oncogenic
role of UCAI1 on the tumorigenesis of glioma and the
potential ceRNA regulatory mechanism within UCA1 and
miR-122, providing a novel insight for glioma genesis.

MATERIALS AND METHODS
Glioma Tissue Specimen Collection

A total of 63 glioma patients who experienced surgical
resection were recruited to the study from March 2014
to September 2016 at the Department of Neurosurgery,
Tangdu Hospital, Fourth Military Medical University. All
enrolled patients signed a written informed consent befo
surgery. To properly preserve the specimens, glioma tumo

formulated by two different and e
gists according to the WHO classifj

Cell Lines and Cell Cul

Human glioma cell line G44, U7, U251, and
A172) were purchased from th€ American Type Culture
Collection (ATCC; Rockville, MD, USA). Normal human
astrocytes (NHAs) and human embryonic kidney (HEK)
293T cells were purchased from the Chinese Acad-
emy of Science Cell Bank (Shanghai, PR. China). Cells
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum
(FBS; Gibco, Carlsbad, CA, USA), 100 U/ml penicillin,
and 100 mg/ml streptomycin. The above cell lines were
maintained in a 5% CO, atmosphere at 37°C.

Quantitative Real-Time PCR

Total RNA was extracted from glioma tumor tissues
and adjacent nontumorous tissues using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). Total RNA (1 pug) was
reverse-transcribed to cDNA using a High-Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Darm-
stadt, Germany). RT-PCR was performed with TagMan®
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PCR Universal Master Mix (Applied Biosystems) at
95°C for 10 min, followed by 40 cycles of 95°C for 15 s,
60°C for 30 s, and 72°C for 30 s. GAPDH acted as an
internal control. The primer sequences were listed as
follows: CTGF, 5-GTGGATGACAAGTCCAGGCG-3’
(forward) and 5-GTCCTCCTCTTGTTCTTGTGC-3’
(reverse); TGF-B1, 5-ACCTGTCGACAAGACCACAT
G-3’ (forward) and 5-CGAGGTTTGGACCTTACAG
GAT-3’ (reverse); collagen I, 5'-ACGTCCTGGTGAA
GTTGGTC-3" (forward) and 5-CAGGGAAGCCTCTT
TCTCCT-3" (reverse); collagen IIII, 5-TGGCCCTGA
CCCAACTATGAT-3’ (forward) and 5'-GCACTTTTTG
CCCTTCTTAATGTT-3’ (reverse); aSMA, 5’-AGAATC
AGAGTCAGGCGTCC-3’ (forward) and 5'-AGTAGAA
K (reverse); GAPDH, 5-ATG
3’ (forward) and 5’-CATA
¥ (reverse). Relative expres-

ctions. Sequences used in the study are as fol-
s: si-UCA1-1#, 5-GUGAAGACAAUCAACUCAA
U-3; si-UCA1-2#, 5-CCAGCCAUACAGGACCAGA
UU-3’; si-miR-122 inhibitor, 5-AGUUGCGGACGAG
GCUGCAGUU-3".

Colony Formation Assay

The transfected glioma cells were seeded into six-well
plates at a density of 500/well for 2 weeks and maintained
in 1640 medium containing 10% FBS. After 14 days, the
colonies were fixed with 4% paraformaldehyde for 5 min
and stained with 1% crystal violet for 10 min. The assays
were repeatedly performed in triplicate. Visible colonies
were manually counted.

Methyl Thiazolyl Tetrazolium (MTT)
Proliferation Assay

The cell proliferation status was assessed by MTT Cell
Proliferation and Cytotoxicity Assay Kit (AmylJet Scien-
tific Inc., Wuhan, P.R. China). The transfected cells were
seeded into 96-well plates at a density of 3 x 10° per well
with 100 ml of culture medium and then cultured for 24 h.
Twenty microliters of MTT (5 mg/ml) solution was added
after 48 h and incubated at 37°C for 2 h. The optical den-
sity (OD) values were read at 490 nm by a microplate
reader (Tecan Sunrise, Ménnedorf, Switzerland).

Luciferase Reporter Assay

IncRNA UCA1 3’-UTR luciferase reporter binding
with miR-122 target site was constructed. Segments of
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sequence were amplified using PCR and subcloned into performed using an unpaired Student’s f-test and one-
the pGL3 luciferase promoter plasmid (Promega, Madi- way ANOVA. Statistical analysis was performed in
son, WI, USA), respectively named pGL3-UCA1-WT and GraphPad Prism.

pGL3-UCA1-Mut. For the luciferase reporter gene assay,

HEK?293 cells were cultured in 24-well culture plates.

Renilla luciferase acted as an internal control to normal- RESULTS

ize transfection efficiencies. The combined plasmids were IncRNA UCAI Was Upregulated in Glioma Tissues
transfected into HEK293 cells using Lipofectamine 2000 and Predicted a Poor Prognosis

(Invitrogen) according to the manufacturer’s instructions. IncRNA UCA1 had been reported to be overexpressed
Firefly and Renilla luciferase activities were measured using in multiple tumors; thus, we hypothesized that UCA1 was
the Dual-Luciferase Reporter Assay System (Promega). similarly aberrantly expressed in glioma tissue. To verify

the hypothesis, we detected the expression level of UCA1
using RT-PCR. A total of 63 glioma patients were enrolled

To assess the migration and invasion abilities of gli- in the study. The expression of UCA1 was significantly
oma cell lines, Transwell assay was performed as pres-

ently described. Briefly, glioma cells at a density of
5.0x10* were seeded in DMEM into the upper cham-
ber of a 24-well Transwell chamber with a pore size of
8 um (Sigma-Aldrich, St. Louis, MO, USA) according
to the manufacturer’s instructions. The upper chambers
were coated with 50 pl of Matrigel (dilution at 1:2; BD
Biosciences, Franklin Lakes, NJ, USA). Cells were trans-
ferred to the upper Matrigel chamber and incubated for and }§ poorer prognosis than those with a lower expres-
24 h. The lower chamber was filled with medium con- iggf Overall, as expected, UCA1 was confirmed to be
taining 10% FBS. After 24 h of incubation, the cell
passed through the filter were fixed with methanol
glacial acetic acid and then stained with i
The average cell number was counted un
microscope (Olympus Corporation,
experiments were performed at lea;

Transwell Assay

upregulated in glioma tissue and indicated a poor prog-
nosis. Thus, UCALI could play an oncogenic role in the
progression of glioma.

o, IncRNA UCA1 Knockdown Repressed the Proliferation,
e time Migration, and Invasion of Glioma Cell Lines

o . Because we verified that UCA1 was significantly
Statistical Analysis upregulated in glioma tissues, exhibiting a rising trend

All data were expressed a antPD. Comparisons with the malignant grade, UCA1 might be considered

between the exper@ trol groups were to play an oncogenic role in the progression of glioma.
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Figure 1. Long noncoding RNA (IncRNA) urothelial carcinoma-associated 1 (UCA1) was upregulated in glioma tissue and correla-
tive with a poor prognosis. (A) Relative expression of UCA1 in grades I-II and grades I1I-IV glioma tissue, showing a significant dif-
ference. (B) Comparison of overall survival between high and low UCA1 expression demonstrated by Kaplan—Meier analysis. NBTs,
normal brain tissues. Data are presented as mean+SD. **p<0.01 compared to the NBTs group.
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A

miR-122  3’-gtttgtgGTAACAGTGTGAggt-5’
4 | Ferrrti
UCA1 wild 5'...tgtttgaTAGCCTCACACTagt...3’

UCA1 mutant  5'..tgtttgattgcegttgtggagt...3’
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fection with si-UCAL to test
of glioma cell lines, UCA1

when compared to glio i
sized interference se;
and U251 cell lines to the UCA1 knockdown
(Fig. 2B and C). MTT and y formation assays showed
that UCA1 knockdown markedly decreased the prolifera-
tive activity and clone formation quantity (Fig. 2D-G).
In addition, to test the metastasis capacity, the Transwell
assay demonstrated that UCA1 knockdown decreased
the migrative and invasive capabilities in U87 and U251
cell lines (Fig. 2H and I). Overall, a series of functional
experiments indicated that UCA1 exerted an oncogenic
role in glioma tumorigenesis, validating the hypothesis
we first proposed.
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jn UCA1 and miR-122 predicted by the bioinformatics method

UCAI Targeted miR-122, Predicted
by Bioinformatics Analysis

Presently, plentiful research and literature have indi-
cated that IncRNAs exert regulatory functions through tar-
geting miRNAs that bind to the 3’-UTR, meaning miRNA
“sponge” or ceRNA. Thus, based on the confirmation of
the UCA1 oncogenic role in glioma, we investigated the
potential target miRNAs of UCAL in the tumorigenesis of
glioma using bioinformatics analysis. After screening and
comparison, we selected miR-122 as the target miRNA
for further exploration. The complementary binding sites
within UCA1 and miR-122 are shown in Figure 3A. The
luciferase reporter assay confirmed the predicted bind-
ing site (Fig. 3B). We then measured the expression level
of miR-122 in glioma grades I-II and III-IV. The results

FACING PAGE

Figure 2. UCAI1 knockdown effectively suppressed the proliferation, migration, and invasion of glioma cell lines. (A) The signifi-
cantly overexpressed UCA1 in glioma cell lines (SHG44, U87, U251, and A172) compared with normal human astrocytes (NHAs).
(B, C) UCA1 knockdown induced by specifically synthesized interference oligonucleotide (si-UCA1-1# and si-UCA1-2#) in glioma
cell lines (U87 and U251). (D, E) MTT assay showed the proliferation activity of U87 and U251 transfected with siRNAs. (F, G) Colony
formation assay demonstrated the relative clone quantity. (H) Migration capacity detected by Transwell assay. (I) Invasion capacity
detected by Transwell assay. Data are presented as mean+SD. *p<0.05, **p<0.01 compared to the NBT group.
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showed that miR-122 was significantly decreased in
grades I-II and III-1V, displaying a level-related tendency
(Fig. 3C). Pearson’s correlation showed that UCA1 was
negatively correlated to miR-122 expression in 63 cases
of glioma samples. In summary, UCAI directly targeted
miR-122, suggesting the underlying regulating pathway
in the glioma genesis.

UCAI Facilitated Glioma Oncogenesis Partially
Targeting miR-122

Because bioinformatics analysis predicted the comple-
mentary binding of UCA1 and miR-122, and we veri-
fied the assumption using luciferase reporter assay and
RT-PCR, we then performed rescue experiments to vali-
date the ceRNA regulatory mechanism of UCAI targeting
miR-122. In glioma cell lines (SHG44, U87, U251, and
A172), miR-122 was markedly decreased compared to
normal cells (Fig. 4A). In U87 cell lines, the expression of
miR-122 was increased in the si-UCA1-transfected group
and significantly decreased in the miR-122 inhibitor-
transfected group. Furthermore, the miR-122 inhibitor
could rescue the suppression of si-UCAI (Fig. 4B). MTT
and clone formation assays showed that the miR-122
inhibitor could partly reverse the inhibition of si-UCA1 on
proliferation and clone formation ability (Fig. 4C and
Moreover, metastasis capacity detected by the Transwe
assay indicated that the miR-122 inhibitor co
the suppression of si-UCA1 on the migration
capabilities in U87 cell lines (Fig. 4E).
rescue experiments indicated that si-U
122 inhibitor exerted an opposite fuggti®n o
origenesis, suggesting a ceRNA gfle fgr UC
miR-122.

DI

The emerging regulatin ects of IncRNAs on an
increasing number of diseaseg’have been increasingly
realized, including atherosclerosis’, tumors, and diabe-
tes mellitus®. Especially in tumors, numerous IncRNAs
have been reported to function as a vital regulator in vari-
ous aspects of tumorigenesis, referring to proliferation,
migration, invasion, metastasis, and so on”. IncRNA
UCAL is a recently identified noncoding RNA that is
highly overexpressed and promotes migration and inva-
sion in bladder cancer. UCA1 has been verified for its
oncogenic role in a series of tumors, such as colorectal®
and gastric cancers®. Our present study investigated the
function of UCA1 on glioma genesis and discovered the
potential regulating mechanism, demonstrating the onco-
genic role of UCA1 and ceRNA targeting miR-122.

Our study detected the expression of UCAT1 in glioma
tissue and cell lines, revealing the malignancy-related over-
expression in tumor tissue. In addition, UCA1 expression
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is significantly higher in glioma grades III-IV than in
grades I-II. This finding is in accord with existing research
about the carcinogenesis of UCA1. Subsequently, trans-
fection with si-UCA and loss-of-function experiments
were performed and confirmed the tumor suppression of
UCAT1 knockdown, containing proliferation vitality, and
migration and invasion capacities. In addition, clinico-
pathologic analysis of the enrolled 63 cases of glioma
patients showed that UCA1 expression is closely cor-
related with tumor diameter and pathological grading.
Hence, the UCA1 expression level is an important indi-
cator foretelling the genesis of glioma. In gastric cancer,
UCALI is significantly increased in gastric cancer tissues
and cell lines, and clinicopathologic analysis reveals the

correlation between MTSR@RICA1 expression and worse
differentiation, t %

nvasion depth, and TNM
ions through targeting miRNAs that

rase reporter assay. Generally, IncRNAs are pres-
in Ago2-containing RNA-induced silencing complex
(RISC) by interacting with miRNAs. By means of RISC,
IncRNAs absorb target miRNAs to reduce its abundance
and directly recede the binding action toward functional
gene mRNA. In breast cancer tumor tissues, UCAL1 is
present in Ago2-containing RISC through its association
with miR-143 and downregulated miR-143 expression
to modulate breast cancer cell growth and apoptosis™.
UCALI has also been verified as an miR-182 sponge to
regulate glioma proliferation, migration, and metastasis
via modulating miR-182 targeting iASPP”".

Our study reveals that UCA1 is markedly increased
in glioma tissue and cell lines and is correlated with poor
prognosis, suggesting a valuable diagnostic marker for
glioma. In the therapy and prevention of multiple cancers,
IncRNAs could act as a promising biomarker®. IncRNAs
could stably exist in peripheral blood, tissue fluid, and
saliva, providing detectable markers for a series of tumor-
ous and nontumorous diseases™. In the present study,
UCAI was detected in tumorous tissue and cell lines,
showing stability and reliability. Hence, UCA1 could act
as a biomarker for glioma in order to forecast pathogen-
esis early.

Overall, our study validates the oncogenic role of
UCAL in glioma genesis and that it exploits the ceRNA
mechanism via targeting miR-122, which offers a novel
insight and provides a potential biomarker and thera-
peutic target for glioma.
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Figure 4. UCALI facilitated glioma proliferation, migration, and invasion partially targeting miR-122 in U87 cell lines. (A) The lower
expressed miR-122 in glioma cell lines (SHG44, U87, U251, and A172) compared with NHAs. (B) Expression of miR-122 in U87
cell lines, respectively, transfected with si-UCA1 miR-122 inhibitor. (C) MTT assay showed proliferation ability. (D) Colony forma-
tion assay. (E) Transwell assay showed the migrative and invasive capabilities. Data are presented as meanxSD. *p<0.05, **p<0.01
compared to the control group.
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