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Long non-coding RNA SNHG12promotes the proliferation
and migration of glioma cells by binding to HuR
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Abstract. Long non-coding RNAs (IncRNAs) play important
roles in biological processes and provide a novel approach with
which to understand the molecular mechanisms responsible
for glioma. Previous studies have demonstrated that IncRNA
small nucleolar RNA host gene 12 (SNHG12) is involved in
cell growth and migration. However, the accurate expression
pattern of SNHGI2 in glioma and the possible associations
between this pattern and the clinicopathological characteristics
of glioma cohorts are not yet known. The present study inves-
tigated the role of IncRNA SNHGI?2 in the development and
progression of glioma, as well as the potential diagnostic value
of SNHGI12 in patients with glioma. The levels of SNHGI12
were detected in resected specimens from patients and in
glioma cell lines using reverse transcription-quantitative poly-
merase chain reaction. The potential effects of SNHG12 on the
viability, mobility and apoptosis of glioma cells were evaluated
using in vitro assays. The association between SNHG12 and
Hu antigen R (HuR) was also determined using RNA immu-
noprecipitation (RIP) and RNA pull-down assays. The results
revealed that SNHGI12 was significantly upregulated in glioma
tissues and cell lines. High levels of SNHGI12 were associated
with the deterioration of patients with glioma. Patients with
high levels of SNHGI12 exhibited a reduced 5-year overall
survival rate (compared to those with lower levels), particu-
larly in cohorts with high-grade carcinoma (III-IV). The
silencing of SNHGI12 expression by RNA interference led to a
reduced viability and mobility, and in an increased apoptosis
of human glioma cells. Furthermore, RIP and RNA pull-down
assays demonstrated that SNHG12 was associated with and
was stabilized by HuR. The findings of the present study thus
identify a novel therapeutic target in glioma.
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Introduction

According to the World Health Organization (WHO) clas-
sification, glioblastoma (GBM), a high grade primary glioma
(grade IV), ranks as the most fatal type of glioma in adults.
Previous studies have indicated that the present traditional
therapy for glioma produces limited curative effects and is
unsatisfactory (1,2). Only 10% of patients with GBM, who
are diagnosed with a favorable Karnofsky performance scale
(KPS; >70%) and treated with standard therapies live for
>5 years (3). Therefore, the identification of novel and effective
biomarkers may provide more effective therapeutic targets.

In general, a cohort of untranslatable transcripts, known as
long non-coding RNAs (IncRNAs) when >200 nucleotides in
length, is not responsible for coding proteins. However, they
have been demonstrated to be involved in the regulation of
gene expression (4,5). An increasing number of studies have
demonstrated that IncRNAs are involved in several intracel-
lular biological functions (6,7). Additionally, the abnormal
regulation of IncRNAs has been demonstrated to be associ-
ated with the deterioration of various types of tumor (8). Small
nucleolar RNA host gene 12 (SNHG12), a IncRNA located at
chromosome 1p35.3, has primarily been shown to be markedly
upregulated in endometrial tumors (9). Furthermore, interfer-
ence with the expression of SNHGI12 in endometrial cancer
cells has been shown to inhibit cell proliferation and induce
apoptosis (9). A recent study demonstrated that SNHG12
was upregulated and may be an oncogene in various types of
human tumors, including osteosarcoma (10), nasopharyngeal
carcinoma (11) and lung cancer (12). These studies suggest
that SNHGI2 plays an important role in the growth, viability,
invasion and metastasis of cancer cells. However, to the best of
our knowledge, the possible roles of SNHG12 in GBM remain
unknown.

As an RNA-binding protein belonging to the ELAV
family, Hu antigen R (HuR) binds to mRNAs containing
adenine (AU)-or uridine (U)-rich sequence elements (ARE)
located at the 3'UTR and plays important roles in the
post-transcriptional regulation of oncogenes involved in
tumorigenesis (13). A previous study demonstrated that the
expression of HuR (ELAV1) was elevated in primary brain
cancer and maintained the RNA stability of certain growth
factors, including vascular endothelial growth factor (VEGF)
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and interleukin (IL)-8 (14). Previous studies have determined
the expression of HuR in various types of cancer, including
breast (15), colorectal (16), ovarian (17) and pancreatic (18)
cancer. Previous studies have also indicated that HuR may
be selected as a promising biomarker of certain disease
activities (19-24). Filippova et al (14) demonstrated that the
regulation of the expression of HuR by genetic manipulation-
induced alterations in the proliferation and the apoptosis of
glioma cells, which indicates the potential application of
HuR as a promising biomarker and target in glioma. Thus,
the present study aimed to investigate the possible roles of
SNHGI2 involved in the oncogenic events of glioma and the
interaction between SNHG12 and HuR in glioma cells.

Materials and methods

Ethics approval. This study complied with the Declaration of
Helsinki and was approved by the Medical Ethics Committee
of Biomedicine Research, General Hospital of Shenyang
Military Command (Shenyang, China). Glioma tumor speci-
mens were obtained from consenting patients at the General
Hospital of Shenyang Military Command (Shenyang, China).
The patients were informed and provided written consent.

Sample collection and molecular detection. A total of
79 patients consented to participate in the present study.
Between January, 2011 and December, 2012, the patients
(n=79) attended the clinic of the General Hospital of Shenyang
Military Command. All patients had received surgery at this
hospital and had not received any anticancer therapy, including
surgical resection, until they were admitted to that hospital.
The resected specimens were histopathologically verified as
primary glioma on the basis of the WHO Classification of
Tumors of the Central Nervous System by three independent
senior pathologists (25,26). Primary tumor samples and
matched adjacent non-carcinoma tissues were resected for
further analysis. The matched adjacent normal tissues were
resected =3 cm away from the primary carcinoma, as previ-
ously described (27).

Molecular feature detection was also performed. Using
a DNeasy Blood & Tissue kit (Qiagen, Tokyo, Japan), DNA
was extracted from the frozen cancer tissue according to the
manufacturer's instructions. The C228T and C250T mutation
hotspots in the TERT promoter, and the presence of isocitrate
dehydrogenase (IDH) gene 1 (R132) and 2 (R172) hotspot
mutations, were assessed by pyrosequencing and partly by
Sanger sequencing, as previously described (28,29). The meth-
ylation status of the MGMT promoter was also detectedusing a
customized pyrosequencing assay, as previously reported (30).

Cell culture and transfection. The normal human skin fibro-
blast HF cell line and the glioma cell lines, U87, LN229, U373
and U251, were purchased from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). It should be noted
that the cell line U373 has been reported to be misidentified
according to the Cellosaurus (https://web.expasy.org/cello-
saurus/CVCL_2219). Therefore, the identity of the cell line
used in the present study was validated via an STR profile test
by the Cell Bank of the Chinese Academy of Sciences. The
results revealed that the matching ratio between the test sample
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and ATTC standard data was 88.8%, which indicates that
the cell line used in the present study is identifiable as U373
according to the ASN-0002-2011 criterion. The U87 cell line
has also been reported to be misidentified/contaminated and
this cell line is considered glioblastoma of unknown origin.
The U87 cell line was also authenticated using an STR profile
test by the Cell Bank of the Chinese Academy of Sciences.
The results revealed that the matching ratio between the test
sample and ATTC standard data was 94.4% and confirmed the
identity of the cell line used in this study as U87. Dulbecco's
modified Eagle's medium (Gibco/Thermo Fisher Scientific,
Shanghai, China), supplemented with 10% fetal bovine serum
as well as 100 U/ml penicillin and 100 pg/ml streptomycin
(Biowest, Nuaillé, France) were employed for cell culture (31).

Specific small interfering RNAs (siRNA) targeting human
SNHGI12 mRNA (si-SNHG12) were designated and purchased
from Sangon Biotech Co., Ltd. (Shanghai, China). The
sequences were as follows: Sense, 5'-GCAGUGUGCUAC
UGAACUUTT-3' and antisense, 5-AAGUUCAGUAGCACA
CUGCTT-3' (32). Using Lipofectamine 2000 reagent
(Invitrogen, Carlsbad, CA, USA), 2x10° HF, U87 and U251
cells were prepared and transfected for 48 h, respectively. The
negative control duplex containing siRNA (si-NC; Sangon
Biotech Co., Ltd.) was employed as the control.

For SNHG12 overexpression, the full-length SNHG12
cDNA was synthesized by Biomarker Technologies (Beijing,
China) and bound with the pcDNA3.1(+) vector (Invitrogen),
as previously described (31,32). PcDNA3.1-SNHG12
(p-SNHGI12) and control blank vector (p-NC) were transfected
into the U87 and U251 cells using Lipofectamine 2000 reagent.
As the normal control, HF cells were also prepared for trans-
fection with p-SNHGI12 or p-NC. The cells were collected for
reverse transcription-quantitative polymerase chain reaction
(RT-gqPCR) analysis at 48 h after transfection.

The expression of HuR in the U87 and U251 cells was upregu-
lated or specifically downregulated in order to determine whether
SNHGI2 is associated with HuR, as previously described (33).
Briefly,thepMSCV-PIGplasmidligatedintoHuR DNA fragments
(CMV-HuR) and pMDH-PGK-EGFP2.0 vector inserted with
HuR siRNA (si-HuR) were prepared. The HuR siRNA sequence
was as follows: 5-UUGUCAAACCGGAUAAACGCA-3" The
levels of SNHG12 in the U87 and U251 cells, transfected with
CMV-HuR /control vector or si-HuR/negative control (si-NC)
were detected by using RT-qPCR.

RT-qPCR. The expression of SNHGI2 in the human glioma
cells or specimens from patients with glioma was evaluated by
RT-qPCR as previously described (32). Briefly, TRIzol reagent
was used for total RNA extraction. The extracted RNA was then
reverse transcribed into ¢cDNA using the ProtoScript®
First Strand cDNA Synthesis kit (New England Biolabs, Ipswich,
MA, USA) according to the manufacturer's instructions.
iQ SYBR Green Supermix (Bio-Rad, Hercules, CA, USA) was
employed for RT-qPCR analysis according to the manufacturer's
instructions. The 244 or 244% method (33) was performed to
analyze the relative changes of SNHGI12 after normalizing to
GAPDH (endogenous control). The primer sequences were as
follows: GAPDH sense, 5'-CGAGATCCCTCCAAAATCAA-3'
and antisense, 5"-TTCACACCCATGACGAACAT-3"; SNHG12
sense, 5" TCTGGTGATCGAGGACTTCC-3' and antisense,
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5-ACCTCCTCAGTATCACACACT-3' (32); HuR sense, 5-ATG
AAGACCACATGGCCGAAGACT-3' and antisense, 5-TGT
GGTCATGAGTCCTTCCACGAT-3' (34).

Cellviability assay. Following various treatments, cell viability
was evaluated by MTT assay as previously described (31).
Briefly, 1x10° cells/ml were seeded into culture plates with
200 ul culture medium per well. After 48 h, the cells were
incubated with 20 pl of 5 mg/ml MTT solution at 37°C for
4 h, followed by the addition of 150 yl dimethyl sulfoxide. A
microplate reader (Multiskan Mk3; Thermo Fisher Scientific)
was used to measure the absorbance of each sample at 570 nm
and the data were collected for analysis.

Migration and invasion assays. Migration and invasion assays
were performed as previously described (35). Cells at a density
of 1x10°/ml were prepared in serum-free medium and plated
in the upper chamber for the cell migration assay. Achamber
pre-coated with 500 ng/ml Matrigel solution (BD Biosciences,
Franklin Lakes, NJ, USA) was obtained for the cell invasion
assay. Cells that had migrated to the upper membrane surface
were physically removed after 48 h of incubation. Those that
had migrated or invaded to the lower side of the membrane
were collected for statistical analysis. The cells were then
fixed, stained and imaged under a microscope as previously
described (36).

Scratch wound assay. A scratch wound assay was performed
to evaluate the migration of glioma cells after the various
treatments, as previously described (37). Briefly, at ~80%
confluency, the cells transfected with various chemicals were
seeded onto 6-well plates and incubated at 37°C, respectively.
Using a 10-ul pipette tip, a vertical scratch wound was made
through the center of each well plate. After washing 3 times
with PBS, fresh serum-free medium was added and the cells
were incubated for 48 h. Subsequently, a light microscope
(Olympus, Tokyo, Japan) was used to examine the mobility of
the cell monolayer at a magnification of x200.

Apoptosis assay. Flow cytometric analysis was performed
to evaluate the effects of SNHGI12 on the apoptosis of the
cells, by transfecting the U87 and U251 cells with either
si-SNHGI12 or p-SNHGI2. An Annexin V-fluorescein isothio-
cyanate (FITC), propidium iodide (PI) assay kit (4A Biotech
Co., Ltd.), FACScan flow cytometer and Cell Quest software
(both from BD Immunocytometry Systems, San Jose, CA,
USA) were employed to determine the rates of cell apoptosis.

Bioinformatics analysis. A total of 118,777 transcripts were
obtained from LNCipedia (www.Incipedia.org)as previously
described (34). As HuR directly binds to mRNA at 3'UTR
containing ARE elements, transcripts containing ARE
elements were selected as the potential targets for HuR.

RNA immunoprecipitation (RIP) assay. Using the Magna RIP
kit (Millipore, Billerica, MA, USA), RIP assay was performed
according to the manufacturer's instructions. Briefly, at
80-90% confluency, the U87 and U251 cells were collected
and lysed in RIP lysis buffer. The cell extract (100 ul) was
prepared and incubated with RIP buffer pre-conjugated
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with HuR antibodies (1.5 pg per 500 ug of total protein; cat.
no. sc-5261; Santa Cruz Biotechnology, Santa Cruz, CA, USA)
or control mouse IgG (cat. no. HP6069, Millipore) at 4°C for
4 h. The complexes were treated with Proteinase K for 30 min
with shaking at 55°C. Immunoprecipitated RNA in the precipi-
tates was purified using TRIzol RNA reagent (Invitrogen) and
analyzed for SNHGI12 by RT-qPCR.

RNA pull-down assays. The interaction between SNHG12 and
HuR was further determined by an RNA pull-down assay as
previously described (31). The pCDNA3.1-SNHG12 vector
was cleaved by Nrul and incubated with RNase-free DNasel
(Takara, Dalian, China). The mMESSAGE mMACHINE T7®
kit (Ambion/Thermo Fisher Scientific) was used to tran-
scribe SNHGI12 from the pCDNA3.1-SNHGI2 vector. The
transcribed SNHG12 was then purified using a RNeasy
Mini kit (Qiagen, Valencia, CA, USA). A Pierce RNA 3' End
Desthiobiotinylation kit (Thermo Fisher Scientific) was
employed to label the 3' end of SNHGI2 as per the instructions
provided with the kit. The non-specific IgG antibody was used
as the negative control. The binding protein isolated from the
RNA-protein complex was then determined by western blot
analysis.

Western blot analysis. Total proteins were extracted from the
cells with various treatments using cell lysis buffer for western
blot analysis (Beyotime Biotechnology, Shanghai, China). The
concentration of protein wasthen detected using the BCA Assay
kit (Beyotime Biotechnology) according to the manufacturer's
instructions. The expression of HuR protein was detected as
previously described (34). Briefly, cell lysates were prepared
with RIPA lysis buffer containing protease inhibitor cocktail
(both from Beyotime Biotechnology). The nitrocellulose
membranes on which the protein samples were transferred to
were blocked for 2 h at room temperature and then incubated
overnight at 4°C with the primary antibodies, including HuR
(dilution 1:800; cat. no. sc-5261) and GAPDH (dilution 1:1500;
cat. no. sc-47724) (both from Santa Cruz Biotechnology). After
washing, the membranes were incubated with horseradish
peroxidase-conjugated secondary antibody (dilution 1:1,000;
no. A0216; Beyotime Biotechnology) for 1 h. Protein blots
were determined using enhanced chemiluminescence luminol
reagent (Millipore) and quantified by densitometric analysis
using Quantity One software (Bio-Rad).

Statistical analysis. Data are presented as the means =+ stan-
dard deviation. SPSS software version 19.0 (SPSS Inc.,
Chicago,IL, USA) was employed for analyses. The association
between SNHGI2 levels (low or high level) and the clinico-
pathological or genetic characteristics of the patients with
glioma was evaluated using multivariate logistic regression
analysis. Odds ratio (OR) with 95% confidence interval (CI)
were employed to evaluate the strength of association. Ordinal
data were collected and analyzed using logistic regression.
Survival curves were estimated with the Kaplan-Meier
method, and differences were compared using the log-rank
test. The statistical significance of SNHG12 expression, MTT
cell activity, migration, invasion and apoptosis rate among
groups with different treatments was analyzed by one-way
ANOVA. A least significant difference post hoc test by
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Table I. Association of SNHG12 expression is with the clinicopathological characteristics of patients with glioma.
SNHG12 expression, n (%)
Low level High level Adjusted OR

Parameters n=40 n=39 T, P-value (95% CI)
Ages (years) 0.176 0.021

<55 28 (35.4) 14 (17.7) 0.42 (0.23-0.83)

>55 12 (15.2) 25 (31.7) 5.21 (2.67-10.79)
Sex 0.007 0.671

Male 21 (26.5) 19 (24.1) 1.23 (0.46-2.17)

Female 19 (24.05) 20 (25.3) 1.03 (0.52-2.95)
Resection status 0.009 0.572

Total 17 (21.5) 21 (26.6) 1.34 (0.67-2.09)

Subtotal 23 (29.1) 18 (22.8) 1.19 (0.54-4.13)
Tumor size (cm) 0.069 0.108

<5 22 (27.84) 16 (20.3) 1.21 (0.75-3.46)

>5 18 (22.8) 23 (29.1) 1.42 (0.63-1.69)
Tumor location 0014 0.595

Frontal 15 (19) 14 (17.7) 1.12 (0.89-2.25)

Occipital 5(6.3) 5(6.3) 1.02 (0.93-1.13)

Temporal 7(8.9) 8 (10.1) 1.24 (0.82-3.33)

Other 13 (16.5) 12 (15.2) 1.08 (0.69-2.21)
WHO grade 0.349 0.003

Low grade (I-1T) 31(39.2) 10 (12.7) 0.43 (0.24-0.88)

High grade (III-1V) 9(11.4) 29 (36.7) 4.54 (2.09-9.97)
Number of tumor nodules 0.009 0.705

Multiple 2(2.5) 3(3.8) 1.04 (0.76-3.57)

Single 38 (48.1) 36 (45.6) 1.21 (0.76-2.86)
KPS score 0.498 0.001

<80 11 (13.9) 31(39.3) 5.07 (2.93-8.02)

=80 29 (36.7) 8 (10.1) 0.67 (0.39-0.78)

Values in bold indicate statistical significance (P<0.05). SNHG12, long non-coding RNA small nucleolar RNA host gene 12; KPS score,

Karnofsky performance score; OR, odds ratio; CI, confidence interval.

Student-Newman-Keuls test was used to obtain individual
P-values following ANOVA, as previously described (31).
P<0.05 was considered to indicate a statistically significant
difference.

Results

SNHGI?2 expression is elevated in glioma tissues and cells.
The results of RT-qPCR analysis revealed that the expression
levels of SNHGI12 were prominently increased in the glioma
tissues compared with those of the matched non-cancerous
brain tissues (P<0.05) (Fig. 1A). The SNHGI2 level were also
increased in all the human glioma cell lines (U87, LN229,
U373 and U251) compared to the HF cells, respectively
(P<0.05) (Fig. 1B).

Increased SNHGI2 expression is associated with glioma
progression. According to the SNHGI2 level (determined by

RT-qPCR), the patients enrolled in the present study were divided
into 2 groups as follows: Those with less than or equal to the
median of the SNHGI2 levels (low level) and those with higher
than the median of the SNHGI2 levels (high level). The associa-
tions between the clinicopathological characteristics of the
patients with glioma and the SNHG12 mRNA levels were
analyzed. The data demonstrated that high levels of SNHG12
were significantly associated with age (r=0.176, P=0.021), WHO
grade (r=0.349, P=0.003) and KPS score (r=0.498,
P=0.001) (Table I). Sex, resection status, tumor size and tumor
location were not found to be associated with SNHG12 expres-
sion (Table I).

The assessment of the molecular characteristics of these
unselected patients with glioma was also performed. The data
revealed that SNHGI2 expression was significantly associated
with TERT promoter mutation (r=0.448,P=0.001), /DH muta-
tion (r=0.609, P=0.0007), Ip/19q status (r=0.712, P=0.0005)
and MGMT methylated status (r=0.401, P=0.002) (Table II).
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Figure 1. SNHGI2 expression is elevated in glioma tissue and cells. (A) Relative expression of SNHGI2 in adjacent non-cancerous tissues and glioma tumors
was examined by RT-qPCR (n=79). (B) Relative expression of SNHG12 in the normal human HF cell line and the glioma cell lines, U87, LN229, U251 and
U373. Data are presented as the means =+ standard deviation. Five independent experiments were performed 7 times (n=7). SNHG12, small nucleolarRNAhost
gene 12; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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Figure 2. Low levels of SNHGI2 are associated with increased OS of patients with glioma. (A) Five-year OS rates of patients with glioma and different
levels of SNHG12 by Kaplan-Meier survival analysis (all cases). (B) Kaplan-Meier OS curve analyses of SNHGI2 levels in glioma by WHO grade (I-1I).
(C) Kaplan-Meier OS curve analyses of SNHG12 levels in glioma by WHO grade (III-IV). SNHGI12, small nucleolar RNA host gene 12; OS, overall survival.

Kaplan-Meier survival analysis revealed that the patients
with low levels of SNHGI12 had a significantly increased overall
survival (OS) compared to those with high levels of SNHG12
expression (P<0.05) (Fig. 2A). The data also indicated that
patients with either low grade (I-II) or high grade (III-IV)
glioma and low levels of SNHGI2 expression had an increased
OS, compared to those with high levels of SNHGI12 expression
(P<0.05) (Fig. 2B and C). These results indicate that the SNHG12
level is a promising indicator for patients with glioma of all WHO
grades, particularly in those with grade ITII-IV glioma.

SNHGI2 expression following transfection with SNHGI2
siRNA or overexpression plasmid. The expression of SNHG12
in the HF cells and glioma cell lines transfected with
si-SNHGI12, p-SNHGI12 or the matched control si-NC, p-NC,
was determined by RT-qPCR. The data revealed a significant

decrease (>77%) in SNHG12 mRNA expression following
stable transfection of the U87, U251 and HF cells with
si-SNHGI2 in (Fig. 3A). Following p-SNHGI2 transfection,
the SNHGI12 levels were markedly higher than those in the
matched p-NC-treated ones, respectively (P<0.05) (Fig. 3B).
The expression levels of SNHG12 increased 2.8-fold in the HF
cells, 2.5-fold in the U87 cells and 1.9-fold in the U251 cells,
compared to the matched p-NC-treated cells, respectively.

SNHGI?2 increases the viability and mobility of glioma cells.
The functional inhibition of endogenous SNHGI12 signifi-
cantly decreased the viability of both the U87 and U251 cells
(compared to the matched si-NC-treated ones, respectively)
(P<0.05) (Fig. 4A). Conversely, transfection with SNHG12
by specific p-SNHGI2 induced a significant promotion of the
viability of both the U87 and U251 cells (P<0.05) (Fig. 4A).
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Table II. Association between SNHG12 expression and molecular characteristics of patients with glioma.
SNHG12 expression, n (%)
Low level High level Adjusted OR
n=40 n=39 I, P-value (95% CI)
TERT status 0.448 0.001
WT 29 (36.7) 13 (16.5) 0.31 (0.22-0.65)
mut 11 (13.9) 26 (32.9) 5.23 (3.09-11.28)
IDH1/2 status 0.609 0.0007
WT 10 (12.7) 28 (354) 4.75 (6.98-15.76)
mut 30 (38) 11 (13.9) 0.36 (0.18-0.79)
1p/19q status 0.712 0.0005
Non-codel 35(44.3) 7(8.9) 0.21 (0.13-0.58)
Codel 5(6.3) 32 (40.5) 6.73 (3.49-10.96)
MGMT status 0.401 0.002
Methylation 12 (15.2) 27 (34.2) 5.54 (2.33-11.64)
Unmethylation 28 (354) 12 (15.2) 0.44 (0.29-0.79)

Values in bold indicate statistical significance (P<0.05). WT, wild-type; mut, mutation; 1p/19q codel, co-deletions of chromosome /p/19q;
TERT, telomerase reverse transcriptase; OR, odds ratio; CI, confidence interval.
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Figure 3. Relative expression of SNHG12 following transfection with siRNA and or overexpression plasmid. (A) SNHGI2 levels in HF, U87 and U251 cells
following si-SNHGI2 transfection were determined by RT-qPCR. (B) SNHGI2 levels in HF, U87 and U251 cells following SNHG12 overexpression plasmid
transfection were detected by RT-qPCR. Data are presented as the means + standard deviation. All data are representative of 7 independent experiments (n=7).
si-NC, SNHGI2 siRNA negative control; si-SNHG12, SNHG12 siRNA; p-NC, blank plasmid served as control; p-SNHG12, pcDNA3.1-SNHG12; SNHGI12,
small nucleolarRNAhost gene 12; siRNA, small interfering RNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

As shown by results of the migration and invasion assays,
there were less stained cells observed in the si-SNHGI12-trans-
fected group than that in the matched si-NC control groups
(P<0.05) (Fig.4B and C). Transfection with p-SNHGI12 increased
the levels of migration and invasion in both the glioma cell lines
compared to the p-NC-treated cells (P<0.05) (Fig. 4B and C).
Scratch wound assay revealed that transfection with si-SNHGI12
significantly impaired the invasiveness of the U87 and U251
cells (Fig. 4D), when compared to the control si-NC-treated
ones, respectively (P<0.05). Conversely, p-SNHGI12 transfec-
tion significantly promoted the migration and invasion of both
glioma cells (compared to the matched p-NC control, respec-
tively) (P<0.05) (Fig. 4B-D).

SNHGI?2 inhibits the apoptosis of glioma cells. Transfection
with si-SNHGI12 promoted the apoptosis of either the U87

andU251 cells (compared to those transfected with si-NC,
P<0.05) (Fig. 5). The overexpression of SNHGI12 by transfec-
tion with p-SNHGI2 significantly inhibited the apoptosis of
both glioma cell lines (compared to the matched p-NC control,
respectively) (P<0.05) (Fig. 5).

SNHGI?2 directly interacts with HuR in glioma cells. The
binding of SNHG12 with HuR was confirmed by RIP-RT-qPCR
in the U87 and U251 cells. RIP assays and subsequent RT-qPCR
revealed that SNHGI12 was rich in RIP samples treated with
HuR antibodies, when compared to the non-specific IgG anti-
body treated ones, which confirmed the specificity of RIP assays
and RT-qPCR (Fig. 6A). RNA pull-down assays and western
blot analysis also confirmed the interaction between SNHG12
and HuR (Fig. 6B). Transfection with si-HuR significantly
decreased the HuR protein levels in the U87 and U251 cells
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(C) invasion of U87 and U251 cells after different treatments. Stained cells were counted under random 10 fields of view by a microscope and the average cell
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(compared to those transfected with si-NC, P<0.05) (Fig. 6C).
The upregulation of HuR by CMV-HuR transfection also
induced an increase in HuR expression (compared to those
transfected with the vector) (P<0.05) (Fig. 6C). Additionally,
the RT-qPCR data demonstrated that the silencing of HuR
expression decreased the expression of SNHGI12, while the
overexpression of HuR increased the level of SNHGI2 in both
glioma cell lines (Fig. 6D). These results revealed that SNHG12
directly bound to HuR in both U87 and U251 cells.

Discussion

The findings of the present study are the following: i) An
abnormally elevated SNHGI12 expression is associated with
certain clinicopathological and genetic characteristics of
patients with glioma; ii) patients with glioma and high levels
of SNHGI2 exhibit a reduced OS rate compared with those
with lower levels; iii) the silencing of SNHG12 using siRNA
inhibits human glioma cell proliferation, invasion and migra-
tion, and promotes apoptosis; and iv) SNHGI?2 interacts with
HuR in glioma cells and HuR modulates the stabilization of
SNHGI12.

The dysregulation of IncRNAs has been demonstrated to
be involved in multiple intercellular and cellular processes of
numerous types of tumor (38). A novel IncRNA, SNHG12, was
recently reported to be elevated in cancer and to play onco-
genic roles in various types of tumor (32,39,40). A previous

study demonstrated that the upregulation of SNHG12 (induced
by c-MYC) increased cell viability and inhibited apoptosis in
triple-negative breast tumors (39). By regulating the levels of
matrix metalloproteinase (MMP)13, SNHG12 was reported to
be involved in cell migration in breast cancer (39). Furthermore,
SNHGI2 was proven to be an oncogene that contributes to the
promotion of tumorigenesis and metastasis in hepatocellular
carcinoma (40). However, to the best of our knowledge, there is
limited information on SNHGI2 in the progression of glioma.
In the present study, it was found that the endogenous SNHG12
expression was significantly increased in glioma tissues and
cells, while low levels of SNHGI12 were associated with
certain clinicopathological characteristics and the OS rate of
patients with glioma. High levels of SNHGI12 expression were
associated with the WHO grade (III-IV) and KPS score (<80),
which indicated the deterioration of patients with glioma.
The evaluation of the molecular genetic features of these
unselected glioma cohort revealed that SNHG12 expression
was also associated with the mutation of TERT and IDH1/2, as
well as with the Ip/19q status and MGMT methylated status.
The present study demonstrated that the TERT promoter
mutations and /IDH-wild-type are the common genotypes
present in cohorts with high levels of SNHG12, which are
likely to become molecular indicators associated with a poor
prognosis (Table II). A previous study demonstrated that TERT
promoter mutations coinciding with /DH1/2 mutations and
1p/19q co-deletion is the most common genotypes detected
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Figure 6. SNHGI12 is associated with HuR in glioma cells. (A) RIP analysis was employed by using the HuR antibodies in U87 andU251 cells, followed by the
RT-qPCR detection of SNHGI12 expression. The expression of SNHG12 RNA was markedly enriched in HuR RIP compared to that in matched IgG control
ones. "P<0.05. (B) RNA pull-down assay and western blot analysis of the specific association of HuR proteins with SNHG12 revealed that biotinylated SNHG12
could bind to HuR. IgG served as a negative control, indicating the sensibility and specificity of the RNA pull-down performed. (C) HuR protein levels were
detected by western blot analysis following transfection with si-HuR or CMV-HuR. (D) SNHGI2 levels were evaluated, as shown by RT-qPCR following
transfection with si-HuR or CMV-HuR. Values are presented as the means + standard deviation in 5 independent experiments. SNHG12, small nucleolar RNA
host gene 12; HuR, Hu antigen R; RIP, RNA immunoprecipitation; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

in oligodendrogliomas, whereas a combined genotype of
IDH-wild-type present and TERT promoter mutation has been
observed in GBM (41). Therefore, considering the expression
of SNHG12, TERT promoter and IDHI1/2 mutations may
be used to distinguish the subclasses of glioma and predict
outcomes in high-grade glioma.

Studies have reported that the presence of IDHI/2 muta-
tion in patients diagnosed with astrocytoma is associated with
a favorable impact on survival rate (42,43). These genotypes
are barely observed in malignant glioma subclasses, such as
primary GBM and pilocytic astrocytomas, and are usually
accompanied by MGMT methylation, a well-established
prognostic marker for primary GBM (44-46). The present
study demonstrated that the presence of IDHI/2 mutation was
positively associated with a relatively prolonged OS in patients
with glioma and lower levels of SNHG12, while the presence of
IDH-wild-type in those with high levels of SNHG12 was asso-
ciated with a poor OS. In the unselected cohorts, the presence
of MGMT methylation was detected in those with high levels
of SNHGI12 expression, of which many more patients were
diagnosed with high grades (III-IV) (Table I). These data indi-
cate that SNHGI2 expression is highly associated with MGMT
methylation and the presence of IDH /2 mutation. The present

study suggests that the combined assessment of SNHG12
expression and molecular characteristics may be valuable as
a prognostic indicator of high-grade glioma. However, further
investigations of the association between SNHG12 and the
well-established molecular markers are required.

The present study demonstrated that SNHG12 may
interact with HuR in the tumorigenesis of glioma cells. HuR
is an ubiquitous, multi-faceted RNA-binding protein involved
in the stabilization, splicing and translational regulation of
mRNAs (24). HuR can enhance tumorigenesis by interaction
with or regulation of the target oncogenes that encode proteins
which regulate intracellular inflammation, angiogenesis, cell
cycle, migration,invasion and metastasis,and chemotherapeutic
sensitivity (14,24). The number of potential HuR-regulated
mRNAs active in these disease pathways is potentially large,
as up to 8% of the transcribed genome may contain an AU-rich
3'UTR (47). In malignant GBM, HuR has been demonstrated
to amplify the expression of cancer-related genes, including
tumor necrosis factor (TNF)-a, IL-8, IL-6, VEGF, cyclo-
oxygenase (COX)2, transforming growth factor (TGF)-f3 and
other tumorigenic genes, which contributes to increased cell
proliferation, apoptosis evasion and angiogenesis, as well as to
enhanced invasion and metastasis (48-50). The totality of this
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regulation results in the necessity of glioma cells to sustain
and increase growth (51). A recent study demonstrated that
HuR plays crucial roles in the growth of glioma and its activity
and viability were considered as potential therapeutic targets
for malignant glioma (14). In the present study, RIP assays and
RNA pull-down assay suggested that HuR directly interacts
with SNHG12 mRNA, which contains potential AU-rich
elements amenable for regulation by HuR. The overexpressing
of HuR increased the levels of SNHGI12, while the suppres-
sion of HuR expression reduced the SNHGI?2 level in glioma
cell lines. SNHG12 was significantly elevated in cohorts with
glioma, while SNHG12 expressional interference inhibited
viability, invasion and migration, and promoted the apoptosis
of human glioma cell lines. These results suggest that SNHG12
is associated with and is stabilized by HuR in glioma cells.
The HuR-SNHGI2 interaction may function as an oncogenic
axis and may be considered as a novel therapeutic target in
glioma, particularly malignant glioma.

The present study found an elevated SNHG12 expression in
tissues of patients with glioma and in glioma cells. High levels
of SNHGI2 were associated with certain clinicopathological
characteristics and the 5-year survival rate of glioma cohorts.
Interference with SNHGI12 expression using transfection with
specific siRNA inhibited the viability and motility, and promoted
the apoptosis of human glioma cells. The data also indicated
that SNHG12 was directly associated with and was stabilized
by HuR. These data demonstrate that the HuR-SNHGI12 axis
may play an oncogenic function and may therefore could be
considered as a novel therapeutic target in glioma.
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