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Down-regulation of ribosomal protein S15A inhibits proliferation
of human glioblastoma cells in vivo and in vitro via AKT pathway
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Abstract Ribosomal protein s15a (RPS15A), a highly con-
served cytoplasmic protein, promotes mRNA/ribosome inter-
action in translation. Recent evidence showed that RPS15A
is essential for tumor growth. RPS15A expression level was
measured in glioblastoma tissue samples and normal brain
(NB) tissue samples. RPS15A RNAi stable cell line U87 and
U251 was generated by the pLVTHM-GFP lentiviral RNAi
expression system. The knockdown efficiency was con-
firmed by quantitative real-time PCR and western blot. Mo-
lecular mechanisms and the effect of RPS15A on cell growth
and migration were investigated by using western blot, MTT
assay, wound healing assay, transwell migration assay, and
tumorigenesis in nude mice. Here, we report that RPS15A is
overexpressed in human glioblastoma tumor tissues.
RPS15A knockdown inhibits proliferation and migration of
glioblastoma cells in vitro. Knocking down RPS15A leads to
the level of p-Akt decrease and cell cycle arrested in G0/G1
phase in U87 and U251 cells. Furthermore, the growth of
glioblastoma cell-transplanted tumors in nude mice is
inhibited by transduction with Lv-shRPS15A. Our findings
indicate that RPS15A promotes cell proliferation and migra-
tion in glioblastoma for the first time. RPS15A might play a

distinct role in glioblastoma and serve as a potential target
for therapy.
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Introduction

Glioblastoma multiforme (GBM) is the most common form of
malignant brain tumor with poor survival from 1 week to
3 years [1, 2]. Current treatment includes radiation, surgery,
and chemotherapy. Concomitant use of temozolomide and
radiotherapy in patients who were newly diagnosed with
GBM prolongs survival and improves patients’ life quality
[3]. Previously, researchers have found some prognostic
markers of glioblastoma and its relevant mechanisms [4–7].
Despite the great advances in therapeutic strategies, the medi-
an survival time of GBM patients were still unfavorable.

Ribosomal protein S15A (RPS15A) encodes long 130 ami-
no acids with a molecular weight of 14.3 kD, which belongs to
the 40S ribosomal subunits. RPS15A was reported to be a
responsive protein of transforming growth factor-beta 1
(TGF-beta 1) and promotes cell proliferation of the human
lung carcinoma cell line A549 [8]. Lian et al. [9] reported that
overexpression of RPS15A via HBxAg promotes the growth
of HepG2 cells. Moreover, Xu et al. [10] found that depletion
of RPS15A arrests HepG2 cells at the G0/G1 phase and thus
suppresses cell growth. An increase in RPS15A has also been
detected in many other tumors such as astrocytoma, prostate
cancer, colorectal cancer, and breast cancer [11, 12]. However,
the role of RPS15A in the development of glioblastoma is less
understood.

In the present study, RPS15A expression was evaluated in
GBM patients’ samples. A lentivirus-mediated RNA
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interference (RNAi) system was applied to examine the effect
of targeted knockdown of RPS15A on cell proliferation and
migration both in vitro and in vivo. Possible mechanisms of
RPS15A’s role in cancer cell growth were also explored.

Results

The RPS15A is highly expressed in glioblastoma tissues
compared with NB tissues

To evaluate the role of RPS15A in glioblastoma, quantitative
real-time PCR was performed to detect the expression level of
RPS15A mRNA in 20 freshly collected glioblastoma samples
and 15 NB tissues. Glioblastoma tissues presented a much
higher expression levels of RPS15A mRNA compared with
normal brain (NB) tissues (P<0.05) (Fig. 1a). Furthermore,
RPS15A protein level in glioblastoma tissues was consistently
higher than that in NB tissues (Fig. 1b, c) (P<0.05). To mea-
sure the expression level of RPS15A in 123 glioblastoma
samples and 15 NB tissues in archived embedded paraffin,
we used immunohistochemical (IHC) staining assay. The re-
sult revealed that RPA15Awas expressed low in normal brain
tissues (Fig. 1d) in low-grade glioblastoma tissues (Fig. 1e),
while highly expressed in high-grade glioblastoma tissues
(Fig. 1f, g).The IHC assay showed the RPS15A protein was
highly expressed in 73.2 % glioblastoma tissues while only
33.3 % of NB tissues (P=0.001) (Table 1).

RPS15A expression level was the independent prognostic
factor to glioma

The clinicopathological characteristics of patients were shown
in Table 2. There was no significant association between
RPS15A expression and patients’ age, gender, or histologic
type in the free-selected glioma cases. Nevertheless, the level
of RPS15A expression was correlated with the grade of pa-
thology classification in glioma patients (P<0.05). To confirm
whether RPS15Awas performed as an independent prognos-
tic factor to glioma, we conducted univariate and multivariate
analysis of RPS15A expression that is adjusted for the same
parameters. RPS15A expression levels were indicative of an
independent prognostic factor to glioma patients (P<0.000)
(Table 3).

Patients with low level RPS15A expression have a positive
survival time

In order to explore the prognostic value of RPS15A expres-
sion in glioma, the relationship between levels of RPS15A
expression and patients’ survival time was assessed by
GraphPad Prism 5.0 software (www.graphpad.com, USA).
Our results of the glioma cases manifested that RPS15A

protein expression was remarkably correlated with overall
survival (P<0.0001). Patients with low levels of RPS15A
expression in glioma tissues have a better survival than those
with high expression (P<0.05)(Fig. 2).

Knockdown RPS15A inhibits proliferation and migration
in U87 and U251 cell lines

Lentiviral shRNA vector was used to knock down RPS15A
expression in U87, U118, and U251 cells. RPS15A mRNA
was measured by quantitative real-time PCR. The mRNA lev-
el was significantly reduced in shRPS15A transducing cells
than in negative vector control [pLVTHMGFP-Control (PLV-
Ctrl)] cells (P<0.05) (Fig. 3a). Same was applied to protein
expression level (P<0.05) (Fig. 3b–d). To investigate possible
functions of RPS15A in glioblastoma, we conducted series of
experiments to determine the loss of function of RPS15A on
glioblastoma cell growths in vitro. MTT assay showed that
U87 and U251 cells with shRPS15A grew significantly
slower than PLV-Ctr-U87 and PLV-Ctr-U251 cells (P<0.05)
(Fig. 4a, b). We adopted the wound healing and Boyden
chamber assay to examine the effect of RPS15A on glioblas-
toma cell migration. As the wound healing assay showed that
shRPS15A U87 and U251 cells displayed a lower speed into
the gap compared with the shPLV-Ctrl-U87 and shPLV-Ctrl-
U251cells (P<0.05) (Fig. 4c).Moreover, in the Boyden cham-
ber assay, there were less cells on the bottom surface of the
shRPS15A cells compared with the shPLV-Ctrl-U87 and
shPLV-Ctrl-U251 cells. The strained cells were counted with
Image J 1.43r software (http://rsb.info.nih.gov/ij, Wayne
Rasband National Institutes of Health, USA) (P<0.05) (Fig.
4d). These results suggested that knockdown of RPS15A
depressed motility of U87 and U251 cells.

Knockdown of RPS15A induces G0/G1 phase arrest
and regulates cell cycle protein expression in U87
and U251 cell lines

Cell cycle analysis was employed to study the potential
mechanisms that are involved in RPS15A knockdown-
mediated cell growth inhibition in U87 and U251 cells.
Our results showed a 69.52 and 72.44 % of G0/G1 phase
cells in shRPS15A U87 and U251 cells while only 41.16
and 56.23 % of G0/G1 phase cells in PLV-Ctrl U87 and
U251 cells (P<0.05) (Fig. 5a–d). These data confirmed that
the cell cycle was arrested in G0/G1 phase after knock-
down of RPS15A expression in U87 and U251 cells.
Moreover, cell cycle regulation protein CDK4 was
expressed at a lower level in shRPS15A U87 and
U251cells, whereas the protein p18INK4C expression was
increased (Fig. 5e, f)
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Knockdown of RPS15A inhibits AKT activations

Since AKT and ERK pathways were reported to be important
in cell cycle progress, the effect of RPS15A on AKTand ERK
pathways were investigated. Results showed that reduced
RPS15A could remarkably inhibit the phosphorylation of
AKT but not the phosphorylation of ERK. Total AKT or

ERK protein level were not affected (Fig. 5g, h). These results
suggested that RPS15A regulated AKT activation in
glioblastoma.

RPS15A and Akt immunoreactivity in glioblastoma
samples and NB tissues

We examined the degree of co-expression of RPS15A and p-
Akt in glioblastoma samples and NB tissues with fluorescent
double-staining. The data revealed that the red fluorescence
labeled the p-Akt was localized in the cytoplasm; the green
fluorescence labeled the RPS15A also localized in cytoplasm;
the blue fluorescence counterstained by DAPI was in the nu-
cleus. Then, we built up the three fluorescence passages with
the picture analysis software; the yellow fluorescence ap-
peared in the position at which red and green fluorescence

Table 1 RPS15A protein expression levels in glioma and normal brain
(NB) tissues

Group Cases Protein expression P value

High expression Low expression

NB 15 5 (33.3 %) 10 (66.7 %)

Glioma 123 90 (73.2 %) 33 (26.8 %) 0.004

Fig. 1 Quantitative real-time PCR, western blot, and immunohistochemical
(IHC) staining assay were used to measure the expression of RPS15A in
glioblastoma tissues compared with normal brain tissues. a The mRNA
expression of RPS15A is increased in tumor tissues (20 clinical cases)
compared with NB tissues (15 clinical cases) by qRT-PCR assay. GAPDH
was used as loading control. b, c Western blot assay was used to test the
RPS15A protein expression levels between NB tissues (15 clinical cases)
and glioblastoma tissues (20 clinical cases) with GAPDH as loading control.

Data are presented as mean±SD for three independent experiments
(*P<0.05). d–g IHC images showed RPS15A expression (arrow) was
decreased in 15 normal brain tissues compared with 123 primary glioma
samples. d Staining of RPS15A in normal tissues. e Staining of RPS15A in
low-grade (WHOII) glioma tissues. f, g Staining of RPS15A in high-grade
glioma and glioblastoma tissues (WHOIII-IV). Originalmagnification ×400,
×100
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occurred simultaneously. This fact indicated that RPS15A and
p-Akt were located in the same position in glioblastoma and
normal brain tissues. Furthermore, this assay confirmed that
RPS15A and p-Akt were overexpressed in glioblastoma sam-
ples compared with NB tissues (Fig. 6).

Knockdown of RPS15A suppresses tumorigenesis in vivo

In order to confirm the effect of RPS15A on proliferation
in vivo, nude mouse xenograft model was applied. As shown
in Fig. 7a, the average weight of tumors from shPLV-Ctrl
injecting mice was 2.970 g, whereas the weight of tumors
from shRPS15A injecting mice was 1.564 g (Fig. 7a, b). Fur-
thermore, IHC results showed that the RPS15Awas located at
the cytoplasm. The expression of RPS15A in the shRPS15A-
xenografted tumors was significantly reduced compared to the
PLV-Ctr-xenografted tumors (Fig. 7c, d).

Discussion

GBM is a malignant disease in brain with a poor survival. The
development of molecular biological technologies allowed
researchers to develop new methods to treat glioblastoma.
Some biomarkers were identified during the progression of
glioma, including PTEN mutations, EGFR amplification, loss
of heterozygosity (LOH) 10q, and TP53 mutations, which may
in turn help to improve the targeted therapy of glioma [13, 14].

RPS15A encodes a conserved ribosomal protein which be-
longs to the 40S subunits of ribosomes catalyzing protein
synthesis [15–17]. It is reported previously that in response
to the induction of Myc transcription factor or transforming
growth factor-β, RPS15Awas up-regulated [8, 18]. In actively
dividing tissues of oilseed like flower buds, apical meristem,
and new leaves, RPS15A was highly expressed, but was
expressed low in the expanded leaves and mature stem [19,

Table 2 Correlation of RPS15A
relative expression levels between
clinicopathologic characteristics
in glioma patients

Characteristics Number RPS15A P

High expression Low expression

Age

>50 59 43 (72.88 %) 17 (27.12 %)

<50 64 47 (73.43 %) 16 (26.57 %) 0.713

Gender

Male 73 58 (79.5 %) 15 (20.5 %)

Female 50 32 (64 %) 18 (36 %) 0.057

Histologic type

Astrocytic tumors 14 8 (57.1 %) 6 (43.9 %)

Oligodendroglioma 9 5 (55.6 %) 4 (44.4 %)

Anaplastic astrocytoma 60 47 (78.3 %) 13 (21.7 %)

Glioblastoma 40 32 (80 %) 8 (20 %) 0.175

WHO grade

I+II 23 13 (56.52 %) 10 (43.48 %)

III+IV 100 77 (77 %) 23 (23 %) 0.046

Table 3 Univariate and
multivariate Cox regression
analysis for overall survival
duration for glioma patients

Univariate analysis Multivariate analysis

P HR 95 % CI P HR 95 % CI

Age(years)

<50 vs. ≥50 0.015 1.711 1.112–2.632 0.255 1.296 0.829–2.024

Gender

Male vs. female 0.529 0.867 0.556–1.352 0.955 0.986 0.613–1.588

Histology type

At. vs. Ot. vs. AAt. vs. GBM 0.000 1.675 1.302–2.155 0.119 1.361 0.923–2.005

I+II vs. III+IV 0.002 6.211 1.949–19.799 0.590 1.503 0.341–6.632

RPS15A low vs. high 0.000 3.890 2.394–6.322 0.000 3.005 1.784–5.062

AT astrocytic tumors, OT oligodendroglioma, AAT anaplastic astrocytoma, GBM glioblastoma multiform
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20]. Moreover, recent studies confirmed that RPS15A took
roles in some kinds of human cancers. RPS15A expressed
differently in poor differentiated ductal carcinoma in situ and
in invasive grade 3 breast cancer, which suggested that
RPS15A might play roles in the development of breast cancer
[12]. RPS15Awas highly expressed in HBxAg-positive cells,
indicating that RPS15Amight contribute to the progression of
hepatocellular cancer [9]. Meta-analysis also showed an
RPS15A over-expression in colorectal cancer, astrocytoma, as
well as prostate cancer [11]. Despite the evidence that RPS15A
could promote cell proliferation in many kinds of cells, its bio-
logical effect in human glioblastoma remains unknown.

In this study, we have shown that both RPS15A mRNA and
protein levels were over-expressed in 20 glioblastoma tissues
compared to those in 15 NB tissues (Fig. 1a, b). Then, we used
IHC tomeasure the expression level of RPSS15A in 123 glioma
and 15 NB tissues. The result inferred that RPS15Awas highly

expressed in 73.2 % of glioma patients and only in 33.3 % of
normal tissues (Fig. 1c, Table 1). Furthermore, to investigate the
possible relationship between clinicopathologic characteristics
and RPS15A in glioma patients, we conducted survival analysis
experiments. The results shown in Tables 2 and 3 suggest that
RPS15A expression could be considered as a prognostic factor
of patients with glioma. The survival analysis indicated that
patients with a higher level of RPS15A suffered a worse sur-
vival than those with a lower level of RPS15A (Fig. 2).

Previous studies indicated that shRNA-targeted MAP4K4
or COMMD7 significantly inhibited U87 and U251 growth
[21, 22], and lentivirus-mediated shRNA to knockdown
RPS15A in U87 and U251 cells could also inhibit cell prolif-
eration [10].We, therefore, successfully established lentivirus-
mediated shRNA knockdown of RPS15A in U87 and
U251cells to investigate the biological functions of RPS15A
in glioma cells (Fig. 3). When infected with shRPS15A, both
of the two cells presented an inhibited cell proliferation
in vitro (Fig. 4a, b) and decreased tumorigenesis in vivo
(Fig. 7) compared to the PLVM-Ctrl groups. Besides, cell
migration was also inhibited when U87 and U251 cells were
infected with shRPS15A (Fig. 4 c, d).

Previous studies reported that RPS15A could promote in-
teractions between mRNA and ribosome in translation and
facilitate the translation via interacting with eukaryotic initia-
tion factor 4F (elF-4F) coded by CDC33 in yeast. CDC33
mutation led to cell growth arrest during the G1-S transition,
which could be reversed by abundant expression of RPS15A
[23]. This suggests that RPS15A could conquer G1 arrest and
further promote cell cycle process. Reduced RPS15A expres-
sion induced G0/G1 phase arrest and strongly suppressed cell
growth in human hepatic carcinoma [10]. Results from FACS
flow cytometry showed that increased number of U87 and
U251 cells infected with shRPS15A was mainly arrested at

Fig. 2 The fraction survival analysis duration in 123 glioma patients
according to RPS15A protein expression was conducted by GraphPad
Prism 5.0 software. Over-expression RPS15A was negative for glioma
forecast

Fig. 3 Effect of shRNA to stably
down-regulate RPS15A
expression in human glioma cell
lines U87, U251 and U118. a
qRT-PCR assay shows
transcriptional levels of the
RPS15A gene with GAPDH used
as loading control. b–d Western
blot assay showing the RPS15A
protein expression levels in sh-
RPS15A and PLV-Ctrl treatments
in vitro. GAPDH served as a
loading control. c Data are
presented as mean±SD for three
independent experiments
(P<0.05)
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G0/G1 phase compared with that of shPLV-Ctrl cells (Fig. 5a).
According to previous research, p18INK4C and CDK4 were

both important cell cycle regulation protein. They played sig-
nificant role in the cell cycle process [24]. Moreover, the

Fig. 4 Stably knockdown the
expression of RPS15A
suppressed cell proliferation,
migration. a, b MTT assay was
used to measure the proliferation
of U87 and U251 cell lines down-
regulated by shRPS15A.
Absorbance was read at 490 nm
with averages from triplicate
wells. c Stably knockdown
RPS15A reduced the migration
ability of U87 and U251 cell
in vitro. d The Boyden chamber
assay was used to measure the
migration effect. Each experiment
was repeated three times
(P<0.05, statistically significant
difference)
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p18INK4C also was an inhibitor of CDK4 [25]. We found that
the expression of CDK4 was decreased in shRPS15A U87
and U251 cells, whereas the expression of p18INK4C was in-
creased (Fig. 5e, f).

Previous studies have showed that AKT pathways were
involved in the regulation of cell cycle progression [26, 27],
cell growth, proliferation, and migration [28–31]. We

therefore tested its activity in our scenario. We found that
knockdown of RPS15A significantly inhibited the phosphor-
ylation of AKT, whereas it had no effect on phosphorylation
of ERK (Fig. 5g, h). Therefore, the function of RPS15A on
tumor progression was mediated by AKT pathway. Moreover,
fluorescent double assay confirmed that RPS15A and p-Ark
were highly expressed compared with NB tissues, and they

Fig. 5 Knockdown of RPS15A
in U87 and U251 cell lines could
arrest the cell cycle at G0/G1
phase and regulate the CDK4,
p18INK4C, and AKT pathway
expression in vitro. a–d The cell
cycle distribution of U87 and
U251 cells transfected with sh-
RPS15A and PLV-Ctrl were
measured using propidium iodide
(PI) staining and flow cytometry
analyses. Down-regulated
RPS15A in U87 and U251 cell
lines could arrest the cell cycle at
G0/G1 phase. e, f Suppressing
endogenous RPS15A expression
reduced the expression of CDK4.
However, the p18INK4C was
highly expressed. The GAPDH
was used as loading control. g, h
Down-regulating RPS15A
expression depressed the
expression of p-Akt, while the
total protein and p-Erk, Erk, and
Akt were not affected with
GAPDH as loading control. Each
experiment was repeated three
times (P<0.05, statistically
significant difference)
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were co-expressed in cytoplasm (Fig. 6). We confirmed that
RPS15A may contribute to glioblastoma growth, prolifera-
tion, migration, and cell cycle via the AKT pathway.

Materials and methods

Reagents and antibodies

Antibodies of p-Akt (Cat 4060p), P-p44/42(Cat 4370S), p44/
42(Cat 7695S), anti-rabbit antibody (Cat 7074P2), CDK4
(Cat12790P), and p18INK4C (Cat 2896P) antibodies were ob-
tained from Cell Signaling Technology, Inc. (Beverly, MA,
USA). Anti-RPS15A (ab175054, Cat GR169656-1, UK),
anti-Akt (Cat 10176-2-AP, US), and anti-GAPDH (Cat
60004-1-lg, US) were obtained from Proteintech company.
Dulbecco’s modified Eagles medium (DMEM, Hyclone, Cat
no.SH30022.01B) together with fetal bovine serum (FBS)were
purchased from GIBCO® (lot 1616964, Life Technologies,
USA). All of the other reagents used were in analytic grade.

Patients and tissue samples

All of the 138 archived paraffin-embedded samples were ob-
tained from operations performed between 2004 and 2009 in
the Department of Neurosurgery of the First Affiliated Hospi-
tal of Dalian Medical University, Dalian, Liaoning, China.
Th e r e we r e 123 g l i oma t i s s u e s ( i n c l u d i n g 9
oligodendroglioma, 14 astrocytic tumors, 60 anaplastic astro-
cytoma, and 40 glioblastoma) and 15 normal brain samples
(obtained from normal brain tissue that was excised during the

glioblastoma operation). The average and median age of these
patients was 52.58 and 56.86 years (5–81 years). The glioma
patients group contained 50 females and 73 males. This work
was performed with ethical approval of the Human Ethics
Committee of the First Affiliated Hospital of Dalian Medical
University (approval number KY2014-50) in accordance with
institutional medical requirements, and written informed con-
sents were obtained from all of the enrolled subjects.

Cell culture

The human glioma U87, U251, and U118 cells were donated
by YZ, Wang lab, Institute of Neuroscience, Shanghai Insti-
tute for Biological Sciences, Chinese Academy of Sciences.
All glioma cell lines were cultured in the Dulbecco’s modified
Eagles medium (Cat SH30022.01B, Thermo, US) with 10 %
FBS. Cells were cultured at 37 °C in 5 % CO2.

Animals

Animal care and experimental procedures were approved by
the ethics committee according to the guidelines about animal
care and experiments to laboratory animals. Nude female mice
(BALB/c-nu/nu) of 4–6 weeks old were purchased and raised
in the Center of Experimental Animals, Dalian Medical Uni-
versity (China).

Immunohistochemistry

Parts of the tumor tissues were cut, fixed in 10 % formal-
dehyde, and then embedded in paraffin. Paraffin section

Fig. 6 Immunofluorescence double-labeling assay was used to
investigate the co-expression of phosphorylated p-Akt and RPS15A in
glioblastoma and normal brain tissues. a Staining in normal tissues. b
Staining in glioblastoma tissues. The blue fluorescence counterstained
by DAPI was in the nucleus. The red fluorescence labeled the p-Akt

was localized in the cytoplasm. The green fluorescence labeled the
RPS15A also appeared in cytoplasm. Yellow fluorescence appeared in
the position at which red and green occurred simultaneously (arrow).
Original magnification ×400
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were soaked in pure xylene for dewaxing, and then re-
hydrated in diluted ethanol series with water. Tissues were
blocked with serum, followed by incubation in rabbit anti-
human RPS15A antibody overnight at 4 °C. The tissues
were washed twice, incubated in biotin-labeled goat anti-
rabbit antibody for 10 min at room temperature, and
followed with incubation of horseradish peroxidase
(HRP). Peroxidase reaction was performed using 3, 3-
diaminobenzidine (DAB, Cat 15111A03, Zhong Shan Jin
Qiao, China). Samples were counterstained with

hematoxylin and analyzed using a microscope (Original
magnification ×400 and ×100).

Evaluation of staining

IHC-stained tissues were analyzed using two pathologists re-
gardless of clinical parameters. RPS15A expression was ob-
served in the cytoplasm. For the cytoplasm, the staining score
was analyzed according to the cytoplasm staining intensity
and the amount of positive cytoplasm staining of RPS15A

Fig. 7 Tumor weight from
subcutaneously injected PLV-
Ctrl-U87 and sh-RPS15A-U87
measured at 25 days post-
injection. a, b Tumorigenicity of
sh-RPS15A-U87 cells was
markedly reduced in vivo
compared with PLV-Ctrl. Ten
mice were used for each treatment
(*P<0.05). c, d IHC staining of
RPS15A expression in
subcutaneous tumors of mice
injected with shRPS15A and
PLV-Ctrl cells (arrow). Original
magnification ×400, ×100
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expression. The results of percentage of positive staining in
cytoplasm were regarded as follows: 0, <10 %, 1, 10–25%, 2,
26–75%, and 3, >76 %. Staining of 0–1 and 2–3 in cytoplasm
were defined to be low and high expression of RPS15A,
respectively.

Immunofluorescence double-labeling method

We used the immunofluorescence double-labeling method as-
say to investigate expression levels of p-Akt and RPS15A in
glioblastoma samples and NB tissues following previous pro-
tocol [32, 33]. Antibody included anti-RPS15A (1:50), anti-p-
Akt (1:50), goat anti rabbit (1:50) and goat anti-mouse (1:50).

Establishment of U87 cell lines with the stable expression
of RPS15A short hairpin RNA

In order to prepare lentivirus that expressed human RPS15A
short hairpin RNA (top: GATCCGCCATCGGCGCCATC
CTGCAATCTAATTCAAGAGATTAGATTGCAGGATGG-
CGCC GATGGTTTTTTC; bottom: AATTGAAAAA
ACCATCGGCGCCATCCTGCAATCTAATCTCTTGAAT-
TAGATTGCAGGATGGCGCCGATGGCG), pLVTHM-
GFP lentiviral RNAi expression system was employed.
Lentiviral particles that contained specific or negative control
vectors were infected into U87 and U251 cells. FACS flow
cytometry (BD FACSAria II, US) was used to select polyclon-
al cells with GFP signals. Total RNAwas extracted, and levels
of RPS15A mRNAwere detected using quantitative real-time
PCR analysis (Applied Biosystems, 7500 Real-Time PCR
System, Thermo, US).

Cell proliferation assay

Cell proliferation was determined by MTT (5 mg/ml, Sigma,
St. Louis, MO) assay as described previously [12]. Cells were
plated at a certain density (1×103cells per well) in 96-well
plates. Cells were then incubated in complete media for an-
other 1–6 days. MTTwas added and incubated for 4 h. At the
end of the incubation, supernatants were removed, and DMSO
(100 μl, Amresco, Cat: D8370, USA) was added, and absor-
bance of each well was measured at 490 nm in a Bio-Rad
microplate reader (Bio-Rad, San Diego, CA, USA).

Wound-healing assay

Cell proliferation was analyzed with wound-healing assay
in vitro. The steadily transfected with shRNA U87 and
U251 cells were cultured in 6-well plates. Until U87 and
U251 cells became confluent, we made a cell-free scratched
gap with a pipette tip about 500 μm wide at the bottom of the
plates and then incubated it for another 6 and 12 h. We com-
pared the length of the healed wound with the length of the

initial wound. The lengths from two different wounded re-
gions were measured with Image J software (public domain
software, http://rsb.info.nih.gov/ij/).

Boyden chamber migration assay

For the cell Boyden chamber assay, U87 and U251 were col-
lected, diluted at the density of 1×105 cells/ml in FBS-free
DMEMmedium, and took out 100 μl seeded on the transwell
apparatus (Costar, MA) with Boyden chamber(0.8 μm,
Corning,USA). DMEM (600 μl) with 10 % FBS was added
outside the transwell. Cells were incubated for another 4 h at
37 °C, washed twice with PBS, and then removed the cells on
the top surface of the transwell. The lower surface cells were
fixed with methanol, then stained with Giemsa solution, and
counted using a microscope with Image J software.

Tumorigenesis in nude mice in vivo

U87 cells grown in vitro were collected and implanted 200 μl
1×107 cells sc under the shoulder of the 4–6-week-old female
BALB/c nu/nu mice. The mice were divided randomly into
two groups (ten mice per group) and were administered an
intratumoral injection of sh-PLV-Ctl-U87 cells sh-RPS15A-
U87 (1×107pfu). After 25 days of breeding, all mice were
sacrificed, and the tumor tissues were excised and weighed.
All animal studies were conducted under the principles and
procedures given by the National Institute of Health Guide.

Flow cytometry analysis of the cell cycle

Cells were harvested at the logarithmic growth phase and
seeded in the 6-well plates. After 48 h of growth, cells were
digested with trypsin and harvested with ice-cold PBS. Then,
suspended cells were centrifuged at 1000 rpm, for 5 min, at
4 °C. Cells were suspended with 300 μl ice-cold PBS and
recompensed in 70 % ethanol for 30 min at 4 °C. Lastly,
1 ml propidium iodide (PI, lot 1685935, Life Technologies,
USA) solution was added and analyzed on the FACScan flow
cytometry (Becton Dickinson, CA, USA).

Quantitative real-time PCR

For U87 and U251 cells, they were harvested and washed
twice with ice-cold PBS. Cell total RNA was scraped using
RNA isoPlus® Reagent Kit (Cat RR820A, Takara Biotechnol-
ogy) according to the protocols. For glioblastoma and NB
tissues, their RNA were homogenized using RNA isoPlus®

Reagent Kit. Certain quality of total RNA was taken to pro-
duce cDNA using PrimeScript® RT Reagent Kit (Cat:
RR037A). cDNA was augmented using SYBR® Premix Ex
Taq™ Kit with 7500 Real-Time PCR System. Data was ana-
lyzed by comparative ΔΔCt method. Target genes were
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normalized to GAPDH (forward 5′-GCACCGTCAAG
GCTGAGAAC-3 ′ , r e v e r s e : 5 ′ -TGGTGAAGAC
GCCAGTGGA-3′).

Western blot analysis

Western blot analysis was conducted to measure the protein
expression. Glioblastoma and NB tissues were homogenized
and cracked in lysis buffer, shaken for 30 min at 4 °C. Protein
were determined by BCA method (Cat PC0020, Solarbio,
China) and then denatured. Same qualities of protein were
loaded and separated by SDS-PAGE, transferred to PVDF
(Cat IPVH00010, EMD Millipore Corporation Billerica
Ma01821, USA) membrane, blocked with blocking solution,
and immunoblotted with first antibodies overnight at 4 °C. On
the second day, membranes were washed using TBST and
incubated in second antibodies for 2 h at room temperature.
Membranes were detected by ECL reagent with Bio-Spectrum
Gel Imaging System (UVP, USA).

Statistical analysis

All data obtained were given as mean±SD of at least three
experiments. GraphPad Prism 5.0 and SPSS 17.0 software
(SPSS, Chicago, USA) were used for statistical analysis.
Two-tailed Student’s t test or one-way ANOVA test were tak-
en for comparisons between groups. Chi-square test or
Fischer’s test were used to analyze the difference between
classified variables. Survival analysis was conducted by
GraphPad Prism 5.0 software. The relationship between the
variables and patient’s survival time was performed using uni-
variate and multivariate cox proportional hazards method.
Differences were considered to be statistically significant only
when values of P were <0.05.

Conclusion

In conclusion, the expression of RPS15A correlated with dis-
ease progression in patients with GBM. Attenuated RPS15A
expression led to suppressed cell growth as well as cell migra-
tion via AKT pathway in U87 and U251 glioma cells.
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