
EXPERIMENTAL AND THERAPEUTIC MEDICINE  15:  2381-2387,  2018

Abstract. Glioma is a type of tumor that affects the central 
nervous system. It has been demonstrated that 14‑3‑3β, a 
protein that is mainly concentrated in the brain, serves an 
important role in tumor regulation. However, the mechanism 
of action of 14‑3‑3β that underlies the pathogenesis of glioma 
remains to be elucidated. In the present study, 14‑3‑3β was 
silenced by RNA interference in the human glioma cell line 
U373‑MG. Following knockdown of 14‑3‑3β, the proliferation, 
colony formation, cell cycle progression, migration and inva-
sion of U373‑MG cells were significantly decreased (P<0.01), 
whereas cell apoptosis was increased (P<0.01). Furthermore, in 
a tumor xenograft experiment, silencing 14‑3‑3β significantly 
inhibited the in vivo tumor growth of U373‑MG cells (P<0.01). 
The results demonstrated that 14‑3‑3β levels were significantly 
higher in human glioma tissues compared with normal brain 
tissues (P<0.01) and high 14‑3‑3β expression was significantly 
associated with advanced pathological grade (P<0.03) and 
low Karnofsky performance scale (P<0.003). Patients with 
glioma who had high 14‑3‑3β levels had a significantly shorter 
survival time compared with those with low expression of 
14‑3‑3β (P=0.031), suggesting that 14‑3‑3β may be an effective 
predictor of the prognosis of patients with glioma. The results 
of the present study indicate that 14‑3‑3β serves an oncogenic 
role in glioma, suggesting that 14‑3‑3β may have potential as a 
promising therapeutic target for glioma.

Introduction

Glioma is considered to be a serious health problem that 
affects the central nervous system (1). Based on the degree 
of malignancy, gliomas are graded from I to IV according to 
the World Health Organization classification (2). Grade IV 

glioblastoma (GB) are the most common and malignant type 
of glioma, accounting for >50% of glial neoplasms (2). Despite 
improvements in the therapeutic strategies available, including 
adjuvant chemotherapy, radiation therapy and microsurgical 
resection, the prognosis for patients with glioma remains 
poor; 75% of patients with GB succumb within 18 months 
of diagnosis  (3). Therefore, investigating the underlying 
mechanisms of glioma progression is important to improve 
patient outcome.

14‑3‑3 proteins are a family of highly conserved acidic 
polypeptides found in eukaryotic organisms and researchers 
have identified seven isoforms in mammalian cells: α, β, δ, 
γ, σ, θ and ζ (4). As 14‑3‑3 proteins have multiple binding 
partners, they have widely diverse intracellular functions, 
including cell cycle regulation, proliferation, apoptosis, differ-
entiation and senescence (4,5). In addition to these normal 
physiological processes, 14‑3‑3 proteins are associated with 
oncogenesis  (6). For example, six isoforms of 14‑3‑3 have 
been identified as being overexpressed in human lung cancer 
tissues  (7). Upregulation of 14‑3‑3ζ promotes cell growth 
in lung cancer cells  (8) and several 14‑3‑3 proteins act as 
tumor suppressors (8,9). It has been demonstrated that down-
regulating 14‑3‑3σ leads to increased metastasis in human 
lung cancer (9), nasopharyngeal carcinoma (10) and ovarian 
cancer (11).

14‑3‑3β, which is an important member of the 14‑3‑3 
protein family, is associated with tumor initiation  (7,12). 
Increased 14‑3‑3β expression has been observed in human 
lung cancer tissues  (7) and the expression of 14‑3‑3β is 
associated with increased aggressiveness in human astrocy-
toma (12). Additionally, a previous study reported that 14‑3‑3β 
mRNA was overexpressed in various murine tumor cell 
lines and that reducing the expression of 14‑3‑3β suppressed 
tumor cell growth in vitro and in vivo (13). Overexpression 
of 14‑3‑3β in NIH3T3 cells stimulates cell proliferation and 
tumor formation (14), and previous studies have demonstrated 
that upregulating 14‑3‑3β expression mediates cell prolifera-
tion and tumor progression in Kaposi's sarcoma and papillary 
thyroid carcinomas (15,16). These results suggest that 14‑3‑3β 
serves a vital role in tumor growth and progression.

Although 14‑3‑3 proteins have been identified in different 
organs, including the liver and intestines, the highest concen-
tration of 14‑3‑3 proteins is located in the brain  (17,18). 
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Accordingly, the effects of 14‑3‑3 proteins in brain tumors has 
been widely studied. A previous study reported that 14‑3‑3 
proteins were highly expressed in primary human nervous 
system tumors (19). Furthermore, downregulation of 14‑3‑3 
increases the sensitivity of glioma cells to apoptosis and 
suppresses glioma growth (20). Park et al (21) demonstrated 
that 14‑3‑3β modulates the migration and invasion of the 
human malignant glioma cell line U87‑MG. However, the 
mechanism of action of 14‑3‑3β in the pathogenesis of glioma 
remains to be elucidated.

In the present study, RNA interference (RNAi) was used to 
silence the expression of 14‑3‑3β in the human glioma cell line 
U373‑MG. The proliferation, apoptosis, migration and inva-
sion of pretreated cells were measured to evaluate the effects 
of 14‑3‑3β expression. A tumor xenograft experiment was 
performed to assess the in vivo tumor formation of pretreated 
cells. Human glioma tissues were collected from patients 
with tumors and the expression of 14‑3‑3β was assessed using 
reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) and western blotting. Subsequently, the associa-
tion between 14‑3‑3β expression and the prognosis of patients 
with glioma was investigated. The results of the present study 
may help to improve understanding of the role and mechanism 
of 14‑3‑3β during the progression of glioma.

Materials and methods

Clinical tissue collection. The present study was approved by 
the Legislation and Ethical Board of the People's Hospital of 
Ningxiang County (Changsha, China). A total of 76 glioma 
tissues and 10 normal brain tissues were collected from patients 
at the People's Hospital of Ningxiang County between April 
2008 and September 2011. The 10 normal brain tissues were 
used as controls and obtained from 10 patients (male:female, 
6:4; mean age, 31.4 years; age range, 24‑51 years) as they were 
treated for severe head injuries. These tissues were collected 
by partial resections of normal brain tissue in order to reduce 
intracranial pressure. Written informed consents were obtained 
and the clinical information of patients is summarized in 
Table I. All tissues were formalin fixed at room temperature 
for 48 h and paraffin‑embedded.

Cell culture. The human glioma cell line U373‑MG was 
purchased from the Cell bank of Chinese Academy of Sciences 
(Shanghai, China). The U373 cell line has been demonstrated 
to be contaminated/misidentified and to be a U‑251MG 
derivative  (22). As such, U373‑MG is considered to be a 
mixed astrocytoma cell line in the present study. Cells were 
maintained at 37˚C in Dulbecco's Modified Eagle's medium 
(DMEM) supplemented with 10% fetal bovine serum (FBS; 
both Thermo Fisher Scientific, Inc., Waltham, MA, USA).

Knockdown of 14‑3‑3β by small interfering (si)RNA. U373‑MG 
cells were transfected with 14‑3‑3β siRNA (cat. no. sc‑29186) 
or non‑specific siRNA (cat. no. sc‑36869) (both Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) using Lipofectamine 
RNAiMAX (Thermo Fisher Scientific, Inc.), following the 
manufacturer's protocol. Briefly, siRNA (30 pmol) was diluted 
in 500 µl DMEM and mixed with 5 µl Lipofectamine RNAi 
MAX for 15 min at room temperature. The mixture was then 

added to U373‑MG cells. Following 48 h transfection, cells 
were harvested for further analysis.

RT‑qPCR. Total RNA was extracted from cells using 
TRIzol Reagent (Thermo Fisher Scientific, Inc.), according 
to the manufacturer's protocol. A total of 800  ng RNA 
was converted to cDNA using a RevertAid RT Reverse 
Transcription kit (Thermo Fisher Scientific, Inc.), according 
to the manufacturer's protocol. qPCR was performed using a 
SuperScript® III Platinum® SYBR® Green One‑Step qRT‑PCR 
kit (Thermo Fisher Scientific, Inc.) on an ABI 7300 plus 
thermocycler (Thermo Fisher Scientific, Inc.). The primer 
sequences were as follows: 14‑3‑3β forward 5'‑GGC​AAA​GAG​
TAC​CGT​GAG​AAG‑3' and reverse 5'‑CTG​GTT​GTG​TAG​
CAT​TGG​GAA​TA‑3', GAPDH forward 5'‑CTG​GGC​TAC​ACT​
GAG​CAC​C‑3' and reverse 5'‑AAG​TGG​TCG​TTG​AGG​GCA​
ATG‑3'. The thermo cycling conditions were as follows: 95˚C 
for 10 min, 40 cycles of denaturation at 95˚C for 15 sec and 
annealing/elongation at 60˚C for 60 sec. GAPDH was used as 
an internal control. The relative expression was analyzed using 
the 2‑ΔΔCq method (23).

Western blotting. U373‑MG cells were lysed in ice‑cold 
buffer (0.5  mol/l Tris‑HCl, pH  7.4, 1.5  mol/l NaCl, 2.5% 
deoxycholic acid, 10% NP‑40 and 10  mmol/l EDTA; 
Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) with a 
protease inhibitor cocktail (Thermo Fisher Scientific, Inc.). 
Cell lysates underwent centrifugation at 16,000 x g for 20 min 
at 4˚C. Protein concentrations were determined using Protein 
Assay kit I (Bio‑Rad Laboratories, Inc., Hercules, CA, USA), 
according to the manufacturer's protocol. A total of 50 µg 
protein was separated by 12% SDS‑PAGE and immunob-
lotted onto a polyvinylidene difluoride membrane (Thermo 
Fisher Scientific, Inc.). The membrane was blocked at room 
temperature for 1  h in PBS with Tween 20, [0.1% Tween 
20, 2.67 mmol/l KCl, 1.47 mmol/l KH2PO4, 137.93 mmol/l 
NaCl and 8.1 mmol/l Na2HPO4 (PBST; pH 7.4)] containing 
5% nonfat dry milk. The membrane was subsequently 
incubated with rabbit polyclonal anti‑14‑3‑3β antibody 
(1:50; cat. no.  ab15260) or rabbit polyclonal anti‑GAPDH 
antibody (1:50; cat. no. ab9485) at room temperature for 3 h 
and washed 3 times with PBST. The membrane was subse-
quently incubated with horseradish‑peroxidase‑conjugated 
goat anti‑rabbit secondary antibody (1:5,000; cat. no. ab7090) 
at room temperature for 1 h. All antibodies were purchased 
from Abcam (Cambridge, MA, USA). Protein expression 
was determined using Pierce ECL Plus Western Blotting 
Substrate (Thermo Fisher Scientific, Inc.) and analyzed using 
Image‑Pro Plus software (version 6.0; Media Cybernetics, 
Inc., Rockville, MD, USA).

Cell proliferation assay. Cell proliferation was measured using 
an MTT assay. U373‑MG cells (5,000 cells/well) were seeded 
in 96‑well plates in 200 µl serum‑free DMEM. Following 
the attachment of cells, the medium was replaced with fresh 
medium containing 10% FBS. At 24, 48 and 72 h, cells were 
treated with 20 µl MTT solution (5 mg/ml). MTT solution was 
replaced with 150 µl dimethylsulfoxide after 4 h to dissolve the 
tetrazolium crystals for 10 min. Absorbance was measured at 
570 nm using a microplate reader.
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Analysis of cell cycle distribution. U373‑MG cells were 
collected, fixed with 70% ethanol at room temperature for 
30 min and washed twice with PBS. Analysis of cell cycle 
distribution was conducted using Vybrant™ DyeCycle™ 
Violet Ready Flow™ Reagent (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. Cells were analyzed 
using BD Accuri™ C6 Flow Cytometer and BD Accuri™ 
C6 software (version 1.0) (both BD Biosciences, San Jose, CA, 
USA).

Cell apoptosis assay. An Alexa Fluor 488 Annexin V and PI 
kit (Invitrogen; Thermo Fisher Scientific, Inc.) was used to 
assess apoptosis. Briefly, 1x105 U373‑MG cells were harvested, 
washed twice with cold PBS and resuspended in 100  µl 
binding buffer (Thermo Fisher Scientific, Inc.). A total of 5 µl 
Annexin V‑fluorescein isothiocyanate and 1 µl PI were added to 
the solution. Following 15 min incubation at 4˚C, 400 µl binding 
buffer was added to the solution and cells were analyzed using 
the Accuri™ C6 Flow Cytometer. The results were analyzed 
using CellQuest™ software 1.0 (BD Biosciences). A quadrant 
dot plot was used to identify whether cells were in the early 
or late phase of apoptosis and whether they were living or 
necrotic, as previously described (24).

Wound‑healing assay. U373‑MG cells were plated at a density 
of 1x105 cells/well with 1 ml DMEM in 24‑well plates and 
incubated at 37˚C for 24 h. Scratch wounds were generated 
using a 200 µl pipette tip and the medium was replaced with 
fresh DMEM with 10% FBS. The wound size was recorded 
using a camera at 0 and 24 h. Wound size was quantified using 
ImageJ software (version 1.48; National Institutes of Health, 
Bethesda, MD, USA).

Cell migration assay. To determine the migration of glioma 
cells, 24‑well plate‑matched Corning™ BioCoat™ Matrigel™ 
Invasion Chamber with BD Matrigel Matrix (BD Biosciences) 
were used. Briefly, 1.0x105  cells were seeded in upper 

Transwell chambers with serum‑free DMEM. A total of 
500 µl DMEM containing 10% FBS was plated in the lower 
chamber. Following incubation at 37˚C for 24 h, cells that did 
not migrate through the pores were carefully removed using 
a cotton‑tipped swab. The filters were then fixed at room 
temperature for 30 min in 90% alcohol, followed by staining 
with 0.1% crystal violet at room temperature for 30  min. 
Following 3 washes with PBS, migrating cells were observed 
and images were captured using an inverted microscope.

Tumor xenograft experiment. The animal experiment was also 
approved by the Legislation and Ethical Board of the People's 
Hospital of Ningxiang County. Male BALB/c nu/nu nude mice 
(n=6; age, 8 weeks old; weight, 22‑25 g) were purchased from 
the Laboratory Animal Research Center (Shanghai, China). 
The mice were housed at 22‑25˚C, 40‑60% humidity with 
a 12 h light/dark cycle, and access to clean food and water 
ad libitum. Control and 14‑3‑3β silenced cells were trypsin-
ized, washed and re‑suspended in serum free DMEM. A total 
of 2x107 cells/mouse in 0.1 ml DMEM were subcutaneously 
injected into the left and right flanks of nude mice. Tumor 
development was assessed in each mouse individually on 
a daily basis. Tumor volume was determined by sequential 
caliper measurements of length (L) and width (W) every 2 h, 
calculated as 1/2 LW and a growth curve was constructed. 
Mice were sacrificed 30 days post‑injection. Tumors were 
harvested and weighed to record wet tumor weight.

Statistical analysis. The quantitative data are presented as the 
mean ± standard deviation. Statistical analysis was performed 
using SPSS version 17.0 software package (SPSS, Inc., Chicago, 
IL, USA). Kaplan‑Meier analysis was used for the survival 
analysis. The χ2 test was used to examine the association 
between 14‑3‑3β expression and clinic pathological characteris-
tics in patients with glioma. Student's t test was used to analyze 
differences between two groups and P<0.05 was considered to 
indicate a statistically significant difference.

Table I. Association between 14‑3‑3β expression and clinicopathological characteristics in glioma.

	 Cases	 Low 14‑3‑3β	 High 14‑3‑3β	 χ2 test
Variables	 (n=76)	 expression (n=37)	 expression (n=39)	 P‑values

Age 				    0.368
 <55	 35	 15	 20	
 ≥55	 41	 22	 19	
Sex				    0.241
 Male	 48	 26	 22	
 Female	 28	 11	 17	
WHO grade				    0.030a

 I‑II	 27	 18	   9	
 III‑IV	 49	 19	 30	
KPS 				    0.003a

 >90	 26	 19	   7	
 ≤90	 50	 18	 32	

aP<0.05; KPS, Karnofsky performance scale; WHO, world health organization.
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Results

Knockdown of 14‑3‑3β inhibits the proliferation and induces 
apoptosis of glioma U373‑MG cells. To analyze the function 
of 14‑3‑3β, cells were transfected with antisense siRNA to 
silence the expression of 14‑3‑3β. The expression of 14‑3‑3β 
was significantly reduced following transfection of 14‑3‑3β 
siRNA compared with the negative control (NC) siRNA 
group (P<0.01; Fig. 1A), indicating that the 14‑3‑3β‑silenced 
U373‑MG cells were successfully established.

The potential role of 14‑3‑3β in glioma growth in vitro was 
further assessed. Data from the MTT assay revealed that the 
growth curve of U373‑MG cells at 72 h was significantly lower 
in the 14‑3‑3β siRNA group compared with the NC siRNA 
group (P<0.01; Fig.  1B). Furthermore, cells with reduced 
expression of 14‑3‑3β formed significantly fewer colonies 
than the NC group, indicating that inhibition of 14‑3‑3β 
suppresses the colony forming capacity of U373‑MG cells 
(P<0.01; Fig. 1C). Flow cytometry analysis of the cell cycle 
determined that the number of cells from the 14‑3‑3β siRNA 
group in the G1 phase was significantly higher than with the 
NC siRNA group (P<0.01; Fig. 2A), indicating that knockdown 
of 14‑3‑3β induces a cell cycle arrest at G1. Flow cytometry 
was also performed to assess cellular apoptosis. Apoptosis of 
U373‑MG cells was significantly higher in the 14‑3‑3β siRNA 
group compared with the NC siRNA group (P<0.01; Fig. 2B), 
indicating that knockdown of 14‑3‑3β induces apoptosis 
in U373‑MG cells. These results suggest that inhibition of 
14‑3‑3β decreases the proliferation of glioma U373‑MG cells, 

as well as inducing cell apoptosis, at least in part by inducing 
cell cycle arrest at the G1 phase.

Inhibition of 14‑3‑3β decreases the migratory capacities 
of U373‑MG cells. To investigate whether 14‑3‑3β serves 
a role in glioma metastasis, cell migration was observed 
using wound‑healing and Transwell assays. Glioma cells 
with decreased 14‑3‑3β expression had a significantly 
diminished migration ability compared with the NC siRNA 
group (P<0.01; Fig. 3A). In addition, the number of glioma 
cells migrating through the pores in the Transwell assay was 
significantly decreased in the 14‑3‑3β siRNA group compared 
with the NC siRNA group (P<0.01; Fig. 3B). These results 
suggest that 14‑3‑3β may serve a role in promoting glioma cell 
migration.

Downregulation of 14‑3‑3β represses the tumor growth of 
U373‑MG cells in vivo. To further investigate the potential role 
of 14‑3‑3β on glioma growth, an in vivo xenograft model was 
constructed to detect the growth of glioma cell tumors with or 
without knockdown of 14‑3‑3β. U373‑MG cells were injected 
into nude mice and tumor volume and weight were examined. 
Tumors removed from the nude mice were markedly smaller 
in the 14‑3‑3β siRNA group compared with those in the NC 
siRNA group (Fig. 4A). Significantly lower tumor volumes and 
weights were observed in mice in the 14‑3‑3β siRNA group 
compared with the NC siRNA group (P<0.01; Fig. 4B and C). 
These results suggest that silencing 14‑3‑3β inhibits glioma 
growth in vivo.

Figure 1. U373‑MG cells were transfected with NC siRNA or 14‑3‑3β siRNA. (A) Western blotting was used to examine the protein expression of 14‑3‑3β. 
(B) An MTT assay was performed to examine cell proliferation. (C) Colony formation ability was assessed. **P<0.01 vs. NC siRNA. NC, negative control; 
siRNA, small interfering RNA.
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High expression of 14‑3‑3β is associated with malignant 
progression and poor prognosis for patients with glioma. 
The expression of 14‑3‑3β in the 76 glioma tissues and 10 
normal brain tissues was examined using RT‑qPCR and levels 
of 14‑3‑3β mRNA were demonstrated to be significantly 
higher in glioma tissues compared with normal brain tissues 
(P<0.01; Fig. 5A). Subsequently, patients with glioma were 
divided into two groups: A high 14‑3‑3β expression group 
and a low 14‑3‑3β expression group, according to their mean 
value of 14‑3‑3β expression. Further investigation demon-
strated that the high expression of 14‑3‑3β was significantly 
associated with advanced grade (P=0.03) and low Karnofsky 
performance scale (KPS; P=0.003; Fig. 5B), suggesting that 
the upregulation of 14‑3‑3β may contribute to the malignant 

progression of glioma (Table I). Furthermore, patients with 
high 14‑3‑3β levels had significantly shorter survival times 
compared with those with low expression of 14‑3‑3β (P=0.031; 
Fig. 5B), suggesting that 14‑3‑3β may be used as an effective 
predictor of prognosis for patients with glioma.

Discussion

14‑3‑3 proteins are able to bind to a wide variety of ligands 
associated with the transduction of signaling pathways, the cell 
cycle and apoptosis (25). The oncogenic proteins that 14‑3‑3 
binds include Raf, breakpoint cluster region (Bcr), Bcr‑Abelson 
murine leukemia viral oncogene homolog 1 and polyomavirus 
middle tumor antigens  (25). Furthermore, the proteins that 

Figure 3. U373‑MG cells were transfected with NC siRNA or 14‑3‑3β siRNA. (A) Wound‑healing and (B) Transwell assays were performed to assess cell 
migration. Magnification, x400. **P<0.01 vs. NC siRNA. NC, negative control; siRNA, small interfering RNA.

Figure 2. U373‑MG cells were transfected with NC siRNA or 14‑3‑3β siRNA. Flow cytometry was used to assess the (A) cell cycle and (B) cell apoptosis. 
**P<0.01 vs. NC siRNA. NC, negative control; siRNA, small interfering RNA.
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regulate cell survival and apoptosis, including B‑cell lymphoma 
2‑associated death receptor, B‑cell lymphoma 2‑associated 
X protein, apoptosis signal regulating kinase 1 and the Foxo 
family forkhead transcription factors, are also ligands of the 
14‑3‑3 family  (25). Tumor suppressors, including p53 and 
tuberous sclerosis complex 2 and p27, are also regulated by 
14‑3‑3 (6,26,27). Therefore, different 14‑3‑3 isoforms may act 
as oncogenes or tumor suppressors in different types of cancer 
and further research is required to identify the role of different 
14‑3‑3 family members in different tumors.

Malignant proliferation is an important characteristic of 
cancer cells; therefore, the 14‑3‑3 family's regulatory effects on 
tumor cell proliferation have been investigated. For example, 
14‑3‑3ζ serves important roles in lung cancer cell proliferation 

and chemotherapy drug resistance (28), whereas 14‑3‑3ó func-
tions as a tumor suppressor in breast cancer (29). Previously, 
14‑3‑3β has been demonstrated to promote tumorigenesis in 
nude mice (14) and silencing 14‑3‑3β expression in liver cancer 
cells inhibits cell proliferation and oncogenicity in nude 
mice (13). It has also previously been reported that 14‑3‑3β 
promotes cell proliferation and tumor formation in NIH3T3 
cells (14). In accordance with previous studies, the results of 
the present study demonstrated that the downregulation of 
14‑3‑3β in a mixed glioma cell line leads to decreased tumor 
growth in vivo, suggesting that 14‑3‑3β promotes the growth 
and proliferation of glioma cells.

Glioma is considered to be a serious tumor of the central 
nervous system and the prognosis of patients remains poor, 

Figure 5. (A) The expression of 14‑3‑3β mRNA was examined in 76 glioma tissues and 10 normal brain tissues using reverse transcription‑quantitative 
polymerase chain reaction. **P<0.01 vs. Normal. (B) Comparison of the survival time of patients with glioma and high or low 14‑3‑3β levels. Kaplan‑Meier 
analysis was used for the survival analysis. Normal, normal brain tissue.

Figure 4. U373‑MG cells were stably transfected with NC siRNA or 14‑3‑3β siRNA, and these cells were injected into nude mice to determine tumor growth 
in vivo. (A) Representative images of tumors from the 14‑3‑3β siRNA and NC siRNA groups. Tumor (B) volume and (C) weight. **P<0.01 vs. NC siRNA. NC, 
negative control; siRNA, small interfering RNA.
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despite medical advances  (1‑3). These previous studies 
demonstrated that surgical resection of glioma in the brain is 
an invasive procedure. Furthermore, residual tumor cells are 
invasive and not amenable to further surgery, radiotherapy 
or chemotherapy. These residual cells typically cause tumor 
recurrence and patient morbidity within 15 months of initial 
diagnosis (30). Regulating the invasive ability of glioma is there-
fore an important aspect to consider. It has been reported that 
14‑3‑3 proteins may be associated with tumor malignancy and 
invasion (6‑11). The 14‑3‑3 family of proteins is mainly distrib-
uted in the brain (17,31), thus the regulatory effects of 14‑3‑3β 
on glioma migration were investigated in the present study. The 
results demonstrated that the migration of glioma U373‑MG 
cells was inhibited following 14‑3‑3β silencing, indicating that 
14‑3‑3β promotes the migration of glioma. This is in accordance 
with the results of Park et al (21), who reported that 14‑3‑3β 
modulated the migration and invasion of the human malig-
nant glioma cell line U87MG. Therefore, the development of 
novel therapeutic strategies should focus on preventing further 
spreading or targeting these invasive cells (32). The current 
study indicates that 14‑3‑3β may be used as a novel target. It has 
previously been demonstrated that 14‑3‑3β expression increases 
with the severity of human astrocytoma (33). In the present 
study, increased expression of 14‑3‑3β was significantly associ-
ated with advanced grade and low KPS, and the high expression 
of 14‑3‑3β in primary tumors was an important predicting 
parameter of a shorter survival time in patients with glioma. 
This suggests that 14‑3‑3β serves important roles in human 
glioma and targeting 14‑3‑3β expression may be a promising 
method for the treatment of glioma in humans.

In conclusion, the results of the present study revealed 
that 14‑3‑3β is associated with the promotion of glioma 
proliferation, migration and tumor growth in vivo. In addition, 
the expression of 14‑3‑3β was associated with advanced histo-
pathological grading, as well as poor patient prognosis. Given 
the high expression of 14‑3‑3β in glioma tissues, future studies 
should identify novel therapeutic strategies aimed at 14‑3‑3β 
for the effective treatment of human glioma.

References

  1.	 Louis DN: Molecular pathology of malignant gliomas. Annu Rev 
Pathol 1: 97‑117, 2006.

  2.	 Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, Jouvet 
A, Scheithauer BW and Kleihues P: The 2007 WHO Classification 
of Tumours of the Central Nervous System. Acta Neuropathol 114: 
97-109, 2007.

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

  4.	 Aitken A: 14‑3‑3 proteins: A historic overview. Semin Cancer 
Biol 16: 162‑172, 2006.

  5.	 Tzivion G, Gupta VS, Kaplun L and Balan V: 14‑3‑3 proteins as 
potential oncogenes. Semin Cancer Biol 16: 203‑213, 2006.

  6.	 Hermeking H: The 14‑3‑3 cancer connection. Nat Rev Cancer 3: 
931‑943, 2003.

  7.	 Qi W, Liu X, Qiao D and Martinez JD: Isoform‑specific expression 
of 14‑3‑3 proteins in human lung cancer tissues. Int J Cancer 113: 
359‑363, 2005.

  8.	 Li Z, Zhao J, Du Y, Park HR, Sun SY, Bernal‑Mizrachi L, Aitken A, 
Khuri FR and Fu H: Down‑regulation of 14‑3‑3zeta suppresses 
anchorage‑independent growth of lung cancer cells through anoikis 
activation. Proc Natl Acad Sci USA 105: 162‑167, 2008.

  9.	 Li DJ, Deng G, Xiao ZQ, Yao HX, Li C, Peng F, Li MY, Zhang PF, 
Chen YH and Chen ZC: Identificating 14‑3‑3 sigma as a lymph node 
metastasis‑related protein in human lung squamous carcinoma. 
Cancer Lett 279: 65‑73, 2009.

10.	 Yi B, Tan SX, Tang CE, Huang WG, Cheng AL, Li C, Zhang PF, 
Li MY, Li JL, Yi H, et al: Inactivation of 14‑3‑3 sigma by promoter 
methylation correlates with metastasis in nasopharyngeal carci-
noma. J Cell Biochem 106: 858‑866, 2009.

11.	 Akahira J, Sugihashi Y, Suzuki T, Ito K, Niikura H, Moriya T, 
Nitta M, Okamura H, Inoue S, Sasano H, et al: Decreased expres-
sion of 14‑3‑3 sigma is associated with advanced disease in human 
epithelial ovarian cancer: Its correlation with aberrant DNA meth-
ylation. Clin Cancer Res 10: 2687‑2693, 2004.

12.	 Yang X, Cao W, Lin H, Zhang W, Lin W, Cao L, Zhen H, Huo J and 
Zhang X: Isoform‑specific expression of 14‑3‑3 proteins in human 
astrocytoma. J Neurol Sci 276: 54‑59, 2009.

13.	 Sugiyama A, Miyagi Y, Komiya Y, Kurabe N, Kitanaka C, Kato N, 
Nagashima Y, Kuchino Y and Tashiro F: Forced expression of 
antisense 14‑3‑3beta RNA suppresses tumor cell growth in vitro 
and in vivo. Carcinogenesis 24: 1549‑1559, 2003.

14.	 Takihara Y, Matsuda Y and Hara J: Role of the beta isoform of 
14‑3‑3 proteins in cellular proliferation and oncogenic transforma-
tion. Carcinogenesis 21: 2073‑2077, 2000.

15.	 Musholt TJ, Brehm C, Hanack J, von Wasielewski R and Musholt PB: 
Identification of differentially expressed genes in papillary thyroid 
carcinomas with and without rearrangements of the tyrosine kinase 
receptors RET and/or NTRK1. J Surg Res 131: 15‑25, 2006.

16.	 Zeng Y, Li Y, Chen RS, He X, Yang L and Li W: Overexpression 
of xCT induces up‑regulation of 14‑3‑3beta in Kaposi's sarcoma. 
Biosci Rep 30: 277‑283, 2010.

17.	 Baxter HC, Fraser JR, Liu WG, Forster JL, Clokie S, Steinacker P, 
Otto M, Bahn E, Wiltfang J and Aitken A: Specific 14‑3‑3 isoform 
detection and immunolocalization in prion diseases. Biochem Soc 
Trans 30: 387‑391, 2002.

18.	 Boston PF, Jackson P, Kynoch PA and Thompson RJ: Purification, 
properties, and immunohistochemical localisation of human brain 
14‑3‑3 protein. J Neurochem 38: 1466‑1474, 1982.

19.	 Yan  Y, Xu  Y, Gao  YY, Zong  ZH, Zhang  Q, Li  C and 
Wang HQ: Implication of 14‑3‑3ε and 14‑3‑3θ/τ in proteasome 
inhibition‑induced apoptosis of glioma cells. Cancer Sci 104: 55‑61, 
2013.

20.	 Cao W, Yang X, Zhou J, Teng Z, Cao L, Zhang X and Fei Z: Targeting 
14‑3‑3 protein, difopein induces apoptosis of human glioma cells 
and suppresses tumor growth in mice. Apoptosis 15: 230‑241, 2010.

21.	 Park SG, Jung S, Ryu HH, Jung TY, Moon KS, Kim IY, Jeong YI, 
Pei J, Park SJ and Kang SS: Role of 14‑3‑3‑beta in the migration 
and invasion in human malignant glioma cell line U87MG. Neurol 
Res 34: 893‑900, 2012.

22.	 Timerman D and Yeung CM: Identity confusion of glioma cell lines. 
Gene 536: 221‑222, 2014.

23.	 Livak KJ and Schmittgen TD: Analysis of relative gene expression 
data using real‑time quantitative PCR and the 2(‑Delta Delta C(T)) 
method. Methods 25: 402‑408, 2001.

24.	 Vermes I, Haanen C, Steffens‑Nakken H and Reutelingsperger C: 
A novel assay for apoptosis. Flow cytometric detection of phos-
phatidylserine expression on early apoptotic cells using fluorescein 
labelled Annexin V. J Immunol Methods 184: 39‑51, 1995.

25.	 Baldin V: 14‑3‑3 proteins and growth control. Prog Cell Cycle Res 4: 
49‑60, 2000.

26.	 Tzivion G, Shen YH and Zhu J: 14‑3‑3 proteins; bringing new defini-
tions to scaffolding. Oncogene 20: 6331‑6338, 2001.

27.	 Wilker E and Yaffe MB: 14‑3‑3 Proteins‑a focus on cancer and 
human disease. J Mol Cell Cardiol 37: 633‑642, 2004.

28.	 Zang D, Li X and Zhang L: 14‑3‑3zeta Overexpression and abnormal 
β‑catenin expression are associated with poor differentiation and 
progression in stage I non‑small cell lung cancer. Clin Exp Med 10: 
221‑228, 2010.

29.	 Luo  J, Feng  J, Lu  J, Wang  Y, Tang  X, Xie  F and Li  W: 
Aberrant methylation profile of 14‑3‑3 sigma and its reduced 
transcription/expression levels in Chinese sporadic female breast 
carcinogenesis. Med Oncol 27: 791‑797, 2010.

30.	 Okita Y, Narita Y, Miyakita Y, Ohno M, Fukushima S, Kayama T 
and Shibui S: Pathological findings and prognostic factors in recur-
rent glioblastomas. Brain Tumor Pathol 29: 192‑200, 2012.

31.	 Fu H, Subramanian RR and Masters SC: 14‑3‑3 proteins: Structure, 
function, and regulation. Annu Rev Pharmacol Toxicol 40: 617‑647, 
2000.

32.	 Mhawech P: 14‑3‑3 proteins‑an update. Cell Res 15: 228‑236, 2005.
33.	 Gong F, Wang G, Ye J, Li T, Bai H and Wang W: 14‑3‑3β regulates 

the proliferation of glioma cells through the GSK3β/β‑catenin 
signaling pathway. Oncol Rep 30: 2976‑2982, 2013.

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International (CC BY-NC-ND 4.0) License.

RETRACTED


