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Recently, long noncoding RNAs (IncRNAs) have emerged as new gene regulators and prognostic markers
in several cancers, including glioma. Here we focused on IncRNA LUCAT1 on the progression of glioma.
gRT-PCR was used to determine the expression of LUCAT1 and miR-375 in glioma tissues and cells. MTT
and Transwell invasion assays were performed to determine the function of LUCAT1 in glioma progression.
The bioinformatics tool DIANA was used to predict the targets of LUCAT1. Pearson’s correlation analysis
was performed to explore the correlation between LUCAT1 and miR-375. In the present study, we showed
that LUCAT1 was substantially upregulated in glioma tissues and cells. LUCATT1 inhibition significantly
suppressed the proliferation and invasion of glioma cells. Subsequently, DIANA showed that miR-375 was
predicted to contain the complementary binding sites to LUCAT1. Luciferase reporter assay showed that
miR-375 directly targeted LUCAT1. In addition, we found that miR-375 was downregulated in glioma tis-
sues and negatively correlated with LUCAT1 expression in glioma tissues. Furthermore, the results showed
that miR-375 could rescue the function of LUCAT1 in glioma progression. The IncRNA LUCAT1 was
critical for the proliferation and invasion of glioma cells by regulating miR-375. Our findings indicated that

LUCAT1 might offer a potential novel therapeutic target for the treatment of glioma.
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INTRODUCTION

Glioma is the most common malignant tumor of the
nervous system, accounting for about 40%—-60% of all
intracranial tumors'. According to the WHO pathologic
grading system, gliomas are further categorized into four
grades (I to IV)”. Despite the technical advances in surgery,
chemotherapy, and radiotherapy, the prognosis of glioma
is still poor. The survival time of glioblastoma multiforme
(GBM; grade V) patients is only approximately 1 year™.
Therefore, it is urgent to understand the molecular mecha-
nism of glioma carcinogenesis in order to unearth reliable
diagnostic and therapeutic targets for glioma.

Recently, accumulating data have indicated that the
vast majority of genomes are transcribed into noncoding
RNAs (ncRNAs), which are classified as small ncRNAs
(less than 200 nucleotides) and long ncRNAs (IncRNAs;
>200 nucleotides) based on their length®®. IncRNAs are
defined as a class of evolutionarily conserved ncRNAs
with no or limited protein-coding potential’. Aberrant

expression levels of IncRNAs have been correlated to
various malignant biological processes, including car-
cinogenesis®. For example, Zhang et al. showed that
increased expression of IncRNA MALAT1 promoted
renal cancer cell proliferation and metastasis and corre-
lated with poor prognosis’. Li et al. revealed that CASC2
suppressed the proliferation of gastric cancer cells by
regulating the MAPK signaling pathway'’. Sun et al.
showed that LUCAT1 was associated with poor prog-
nosis in human non-small cell lung cancer and regulated
cell proliferation via epigenetically repressing p21 and
p57 expression''. However, the expression and func-
tion of IncRNA LUCATI are still unclear in glioma’s
progression.

As a class of small ncRNAs, microRNAs (miRNAs),
which have been extensively studied, are involved in car-
cinogenesis of various tumors'’. Among these miRNAs,
miR-375 was found to play important roles in tumor pro-
gression. For example, Fu et al. showed that miR-375
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was downregulated in esophageal cancer, and low miR-
375 expression could predict unfavorable prognosis in
esophageal cancer patients”. Ding et al. showed that
miR-375 was frequently downregulated in gastric can-
cer and inhibited cell proliferation by targeting JAK2".
Moreover, Chang et al. showed that miR-375 was signifi-
cantly decreased in glioma and associated with advanced
clinical features and poor overall survival of patients".
Recently, competing endogenous RNA (ceRNA) hypoth-
esis showed that IncRNAs served as miRNA sponges to
modulate the expression of miRNA target genes, thus
participating in the pathogenesis and development of can-
cers'®. However, whether LUCAT1 could interact with
miR-375 to regulate the tumorigenesis of glioma remains
unknown.

In the present study, we explored expression and
function of LUCATI in glioma. Our data showed that
LUCAT1 expression was remarkably upregulated in
glioma tissues and cells. LUCAT inhibition suppressed
glioma cell viability and invasion in vitro, implying
a possible role of IncRNA LUCATI! as an oncogene
in glioma. Moreover, we demonstrated that LUCAT1
was involved in the progression of glioma by targeting
miR-375.

MATERIALS AND METHODS
Patient Samples

Thirty-eight glioma specimens of varying grades were
collected from patients who were treated at the Depart-
ment of Neurosurgery, Zhumadian Central Hospital
(Henan, P.R. China). None of them received chemoradio-
therapy before the surgery. There were 21 males and 17
females, including 13 cases of low-grade glioma (WHO
I-II grade) and 25 cases of high-grade glioma (WHO
III-TV grade). In addition, seven normal brain tissues were
collected from intracranial decompression for traumatic
brain injury. All cases received surgeries and were con-
firmed pathologically. The resected tissues were immedi-
ately preserved in liquid nitrogen and then transferred to
—80°C. The tumor tissues were histologically confirmed
by the pathologists. All patients signed informed consent,
and the experimental protocol was approved by the hos-
pital’s ethics committee.

Cell Culture

Normal human astrocytes (NHAs) and human glioma
cell lines (LN229, U251, SNB19, U87, and H4) were
purchased from the American Type Culture Collection
(ATCC; Manassas, VA, USA). Cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM; Gibco,
Grand Island, NY, USA) supplemented with 10% heat-
inactivated fetal bovine serum (FBS; HyClone, Logan,
UT, USA), 100 U/ml penicillin (Sigma-Aldrich, St. Louis,
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MO, USA), and 100 pg/ml streptomycin (Sigma-Aldrich)
at 37°C in a humidified incubator with 5% CO,.

Cell Transfection

miR-375 mimics, miR-375 inhibitors, siRNA specifi-
cally targeting LUCAT1 (si-LUCAT1), and scrambled
negative control siRNA (si-NC) were chemically synthe-
sized from GenePharma Co., Ltd. (Shanghai, P.R. China).
Glioma cells in logarithmic phase were transfected
with miR-375 mimics, miR-375 inhibitors, si-LUCATI,
and their controls using Lipofectamine 2000 (Invitro-
gen, Carlsbad, CA, USA) according to the manufac-
turer’s instructions.

Quantitative Real-Time PCR

Total RNA was isolated from tumor specimens and
cancer cell lines using TRIzol reagent (Invitrogen). The
purity of RNA was examined by spectrophotometry, and
the first-strand cDNA was synthesized using reverse tran-
scription reagents (Applied Biosystems, Carlsbad, CA,
USA) or the TagMan MicroRNA Reverse Transcription
Kit (Applied Biosystems) following the manufacturer’s
instructions. qRT-PCR was performed using SYBRH
Select Master Mix for CFX (Invitrogen) and the CFX
Connect Real-Time PCR System (Bio-Rad, Hercules,
CA, USA). All results were normalized to the expres-
sion of GAPDH. Quantitative analysis was calculated by
using the 27**Ct method.

MTT Assay

Transfected cells (1x 10" /well) were seeded into 96-well
plates and incubated for 24, 48, 72, and 96 h, respectively.
Then 20 pl of 5 mg/ml MTT reagent (Sigma-Aldrich) was
added to each well and incubated for 4 h. Absorbance was
measured at 450 nm on a microplate reader (Bio-Rad).
A growth curve was generated with time and absorbance
on the horizontal and vertical axes, respectively.

Transwell Invasion Assay

Transfected cells were seeded onto Transwell 24-well
plates (BD Biosciences, San Jose, CA, USA) coated with
diluted Matrigel (Sigma-Aldrich), with serum-free media
containing 5% FBS used as a chemoattractant. After 48 h
of incubation, the medium was removed, and the cham-
bers were washed twice with PBS. The cells on the upper
side of the inserts were softly scraped; those migrated to
the lower surface were fixed with 4% paraformaldehyde
and stained with 0.1% crystal violet. Microphotographs
were obtained on an immunofluorescence microscope
(Olympus, Tokyo, Japan).

Luciferase Reporter Assays

The interaction between LUCAT1 and miR-375 was
predicted by DIANA tools. To test the binding site of
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LUCAT1 and miR-375, wild-type and mutated LUCAT1
(wt-LUCAT1 and mut-LUCAT1 containing mutation in
the predicted binding sites of miR-375) luciferase reporter
plasmids were constructed. Dual-luciferase reporter assay
was performed on the wt-LUCAT1 or mut-LUCAT1 in
cells using the dual-luciferase reporter assay kit (Promega,
Madison, WI, USA) according to the manufacturer’s
instructions and normalized against Renilla luciferase
activity 48 h after transfection.

Statistical Analysis

Data analysis was performed using SPSS17.0 (IBM,
Chicago, IL, USA). All data were represented as means=+
standard deviation (SD). The significance of differences
between groups was assessed by Student’s #-test and chi-
square test as appropriate. A value of p<0.05 was consid-
ered as statistically significant.

RESULTS
LUCATI Was Increased in Human Glioma Tissues

To determine the role of IncRNA LUCAT1 in glioma
progression, we explored the expression of LUCATI in
glioma tissues and normal brain tissues via qRT-PCR.
The results revealed that LUCAT1 expression was sig-
nificantly upregulated in glioma tissues compared to nor-
mal tissues and correlated with tumor stage of glioma
patients (p<0.05) (Fig. 1A). In addition, we explored the
expression of LUCAT1 in the NHAs and human glioma
cell lines (LN229, U251, SNB19, U87, and H4). Our data
showed that the expression of LUCAT1 was consider-
ably increased in the glioma cell lines compared to NHAs
(p<0.05) (Fig. 1B). These data suggested that LUCAT1
might be involved in the development of glioma.
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LUCATI Inhibition Suppressed Glioma
Cell Viability and Invasion

To examine the role of LUCAT1 in glioma progression,
U87 cells were transfected with si-LUCAT1 or control
siRNA (si-NC). siRNA knockdown efficiency of LUCAT1
was confirmed by qRT-PCR (Fig. 2A). Cell proliferation
was then measured by MTT. The MTT assay showed that
LUCAT1 suppression remarkably suppressed cellular via-
bility of U87 cells compared to the si-NC groups (Fig. 2B).
To explore the effects of LUCAT1 on glioma cell invasion,
we performed Transwell invasion assay. The results showed
that knockdown of LUCAT1 significantly decreased the
invasion abilities of U87 cells (Fig. 2C). These finding
suggested that LUCAT inhibition suppressed glioma cell
viability and invasion in vitro.

miR-375 Expression Was Directly Regulated
by LUCATI

Increasing evidence has shown that IncRNA might
serve as a ceRNA or molecular sponge to regulate the
expression and function of miRNA". Thus, the bioinfor-
matics tool DIANA was used to predict target miRNA
regulated by LUCAT]1 in glioma. As shown in Figure 3A,
miR-375 was selected as the potential target of LUCATI.
The luciferase reporter assay validated the binding between
miR-375 and LUCAT1 3’-UTR (Fig. 3B). Furthermore, we
determined miR-375 expression in glioma examples. The
results showed that miR-375 expression was significantly
downregulated in glioma samples and inversely correlated
with the expression of LUCAT1 in the glioma samples
(Fig. 3C and D). We further analyzed miR-375 expres-
sion in LUCAT1 knockdown glioma cells and found
that miR-375 was boosted after LUCAT1 downregulation
(Fig. 3E), whereas ectopic overexpression of miR-375
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Figure 1. Long noncoding RNA (IncRNA) LUCAT1 expression was upregulated in glioma tissues and cell lines. (A) Quantitative
real-time (qRT)-PCR analysis of LUCAT1 expression in 38 clinical glioma tissues (13 grades I-II, 25 grades II-IV) compared with
7 normal brain samples. (B) qRT-PCR analysis of LUCAT1 expression in normal human astrocytes (NHAs) and five glioma cell lines

(LN229, U251, SNB19, U87, and H4). *p<0.05.
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Figure 2. Downregulation of LUCAT1 inhibited glioma cell proliferation and invasion in vitro. (A) qRT-PCR analysis of LUCAT1
expression in U87 cells after transfection by si-LUCAT1 or si-NC. (B) Cell proliferation of U87 cells after si-LUCAT1 or si-NC
transfection was determined by MTT assay. (C) Cell invasion of U87 cells after si-LUCAT1 or si-NC transfection was determined by

Transwell invasion assay. *p <0.05.

did not affect LUCAT1 expression (Fig. 3F). Thus, these
findings suggested that LUCAT1 directly interacted with
miR-375 and negatively regulated miR-375 expression in
glioma cells.

miR-375 Reversed the Effect of LUCATI on Glioma
Cell Proliferation and Invasion

To explore whether LUCAT1 exerts biological func-
tions through miR-375, we performed rescue experiments
by inhibiting miR-375 expression in LUCAT 1-inhibited
cells (Fig. 4A). As shown in Figure 4B, the MTT assay
showed that LUCAT1 knockdown significantly inhibited
U87 cell proliferation, whereas miR-375 inhibition par-
tially rescued the reduction of proliferation. Furthermore,
the miR-375 inhibitor reversed the tumor suppression of
LUCAT1 knockdown on glioma cell invasion (Fig. 4C).
Collectively, those data revealed that inhibition of miR-
375 abrogated the suppression of proliferation and inva-
sion of glioma cells induced by depletion of LUCATT.

DISCUSSION

Accumulating evidence has revealed the critical func-
tions of IncRNAs in regulating many physiological and
pathological processes of tumors including glioma, and

elucidated the underlying molecular mechanisms by which
IncRNAs function in numerous malignancies'®. For exam-
ple, Wang et al. reported that upregulation of the IncRNA
CRNDE contributed to glioma progression and promoted
glioma cell growth and invasion through mTOR signaling'”.
Gao et al. showed that IncRNA ZFAS1 was an unfavorable
prognostic factor and promoted glioma cell progression
by activation of the Notch signaling”. Recently, LUCAT1
was reported to exert oncogenic properties in the progres-
sion of NSCLC". However, the function and molecular
mechanism of LUCATI in glioma progression remain
unclear. In our study, we found that LUCAT1 expression
was significantly increased in glioma tissues and cell lines.
LUCAT1 suppression decreased glioma cell proliferation
and invasion in vitro.

Recently, ceRNA hypothesis has been extensively pro-
posed, and an increasing number of studies have confirmed
the interaction between IncRNA and miRNA in cancers.
For example, Li et al. revealed that IncRNA NEAT1 pro-
moted human clear cell kidney carcinoma progression
through the negative regulation of miR-129-5p*'. Cui et al.
found that IncRNA HOXA11-AS functioned as a ceRNA
to regulate ROCKI1 expression by sponging miR-124-3p
in osteosarcoma?. In our study, based on a bioinformatics
prediction analysis, we found there was an interaction
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Figure 3. miR-375 expression was directly regulated by LUCAT1. (A) The predicted binding sites between LUCAT1 and miR-375.
(B) Luciferase reporter assay validated the binding between miR-375 and LUCAT1 3’-UTR. (C) miR-375 was decreased in glioma
tissues compared to normal brain tissues. (D) Pearson’s correlation analysis revealed the correlations between LUCAT1 and miR-375
expression in glioma tissues. (E) miR-375 expression in LUCAT 1-inhibited U87 cells was determined by qRT-PCR. (F) LUCAT1
expression in miR-375-overexpressed U87 cells was determined by qRT-PCR. *p <0.05.
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Figure 4. miR-375 reversed the effect of LUCAT1 on glioma cell proliferation and invasion. (A) miR-375 expression was determined
by qRT-PCR in U87 cells transfected with si-LUCAT1 and miR-375 inhibitor. (B) MTT assay in U87 cells transfected with si-LUCAT1
and miR-375 inhibitor. (C) Transwell invasion assays in U87 cells transfected with si-LUCAT1 and miR-375 inhibitor. *p <0.05.

between LUCAT1 and miR-375. The luciferase reporter
assay validated the binding between miR-375 and LUCAT1
3’-UTR. qRT-PCR showed that miR-375 was downregu-
lated in glioma tissues and negatively correlated with
LUCAT1 expression in glioma tissues. Furthermore, our
data showed that miR-375 expression was negatively regu-
lated by LUCAT in glioma cells. In addition, functional
analysis revealed that miR-375 could reverse the effect
of LUCAT1 on glioma cell proliferation and invasion.
These results suggested that LUCAT1 acted as a molecular
sponge of miR-375 to regulate glioma cell viability and
invasion.

In summary, the present study demonstrated that IncRNA
LUCAT1 could act as an oncogenic IncRNA that pro-
motes glioma tumorigenesis via regulating miR-375, sug-
gesting LUCAT1 could act as a novel therapeutic target
for the treatment of glioma.

ACKNOWLEDGMENT: The authors declare no conflicts of
interest.

REFERENCES

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J,
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin.
2015;65:87-108.

10.

Schwartzbaum JA, Fisher JL, Aldape KD, Wrensch M.
Epidemiology and molecular pathology of glioma. Nat Clin
Pract Neurol. 2006;2:494-503.

Ohgaki H, Kleihues P. Epidemiology and etiology of gliomas.
Acta Neuropathol. 2005;109:93-108.

Vredenburgh JJ, Desjardins A, Herndon JE, 2nd, Marcello
J, Reardon DA, Quinn JA, Rich JN, Sathornsumetee S,
Gururangan S, Sampson J, Wagner M, Bailey L, Bigner
DD, Friedman AH, Friedman HS. Bevacizumab plus irino-
tecan in recurrent glioblastoma multiforme. J Clin Oncol.
2007;25:4722-9.

Mattick JS, Makunin IV. Non-coding RNA. Hum Mol
Genet. 2006;15(Spec No 1):R17-29.

Esteller M. Non-coding RNAs in human disease. Nat Rev
Genet. 2011;12:861-74.

Mercer TR, Dinger ME, Mattick JS. Long non-coding RNAs:
Insights into functions. Nat Rev Genet. 2009;10:155-9.
Cheetham SW, Gruhl F, Mattick JS, Dinger ME. Long
noncoding RNAs and the genetics of cancer. Br J Cancer
2013;108:2419-25.

Zhang HM, Yang FQ, Chen SJ, Che J, Zheng JH. Upreg-
ulation of long non-coding RNA MALAT1 correlates with
tumor progression and poor prognosis in clear cell renal
cell carcinoma. Tumour Biol. 2015;36:2947-55.

Li P, Xue WJ, Feng Y, Mao QS. Long non-coding RNA
CASC?2 suppresses the proliferation of gastric cancer cells
by regulating the MAPK signaling pathway. Am J Transl Res.
2016;8:3522-9.



LUCAT1-miR-375 IN GLIOMA

11.

12.

13.

14.

15.

16.

17.

Sun Y, Jin S-D, Zhu Q, Han L, Feng J, Lu X-Y, Wang W,
Wang F, Guo R-H. Long non-coding RNA LUCAT1 is asso-
ciated with poor prognosis in human non-small cell lung
cancer and regulates cell proliferation via epigenetically
repressing p21 and p57 expression. Oncotarget 2017;8:
28297-311.

Bartel DP. MicroRNAs: Genomics, biogenesis, mechanism,
and function. Cell 2004;116:281-97.

Fu C, Dong W, Wang Z, Li H, Qin Q and Li B. The
expression of miR-21 and miR-375 predict prognosis of
esophageal cancer. Biochem Biophys Res Commun. 2014;
446:1197-1203.

Ding L, Xu Y, Zhang W, Deng Y, Si M, Du Y, Yao H, Liu X,
Ke Y, SiJ, Zhou T. MiR-375 frequently downregulated in
gastric cancer inhibits cell proliferation by targeting JAK2.
Cell Res. 2010;20:784-93.

Chang C, Shi H, Wang C, Wang J, Geng N, Jiang X,
Wang X. Correlation of microRNA-375 downregulation
with unfavorable clinical outcome of patients with glioma.
Neurosci Lett. 2012;531:204-8.

Xia T, Liao Q, Jiang X, Shao Y, Xiao B, Xi Y, Guo J. Long
noncoding RNA associated-competing endogenous RNAs
in gastric cancer. Sci Rep. 2014;4:6088.

Karreth FA, Pandolfi PP. ceRNA cross-talk in cancer:
When ce-bling rivalries go awry. Cancer Discov. 2013;3:
1113-21.

18.

19.

20.

21.

22.

313

Han L, Zhang K, Shi Z, Zhang J, Zhu J, Zhu S, Zhang
A, Jia Z, Wang G, Yu S. LncRNA profile of glioblas-
toma reveals the potential role of IncRNAs in contribut-
ing to glioblastoma pathogenesis. Int J Oncol. 2012;40:
2004-12.

Wang Y, Wang Y, LiJ, Zhang Y, Yin H and Han B. CRNDE,
a long-noncoding RNA, promotes glioma cell growth and
invasion through mTOR signaling. Cancer Lett. 2015;
367:122-8.

Gao K, JiZ, She K, Yang Q, Shao L. Long non-coding RNA
ZFAS1 is an unfavourable prognostic factor and promotes
glioma cell progression by activation of the notch signaling
pathway. Biomed Pharmacother. 2017;87:555-60.

Li H, Zheng P, Xu P, Li Z, Han Q. Long non-coding RNA
NEAT1 promotes human clear cell kidney carcinoma pro-
gression through negative regulation of miR-129-5p. Int J
Clin Exp Pathol. 2017;10:6692-700.

Cui M, Wang J, Li Q, Zhang J, Jia J, Zhan X. Long non-
coding RNA HOXAI11-AS functions as a competing
endogenous RNA to regulate ROCK1 expression by spong-
ing miR-124-3p in osteosarcoma. Biomed Pharmacother.
2017;92:437-44.





