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Abstract. Glioma is one of the most common primary brain 
tumors and has a poor prognosis. Rap2B, a member of the 
Ras family of oncogenes, is highly expressed and promotes 
the progression of several tumors, including glioma. However, 
the mechanism underlying the role of Rap2B in glioma is 
not fully understood. In the present study, after transfection, 
Rap2B expression was detected by reverse transcription PCR 
and western blot analysis. Cell proliferation and cell migra‑
tion assays were performed to determine the effects of Rap2B 
on the malignant biological behaviors of glioma cells. The 
changes of ERK pathway‑associated proteins were examined 
by western blot analysis. Enzyme‑linked immunosorbent 
assay  (ELISA) and western blot analysis were utilized to 
detect the protein levels of matrix metalloproteinase (MMP)2 
and MMP9. Then, The Cancer Genome Atlas database was 
used to determine the association between Rap2B expres‑
sion and clinical parameters in patients with glioblastoma 
multiforme and low‑grade glioma (LGG). Results revealed 
that Rap2B was highly expressed in human glioma compared 
with that in adjacent normal tissues and normal human 
astrocytes, and that silenced Rap2B led to a reduction of cell 
proliferation and migration ability in glioma cells. Conversely, 
overexpressed Rap2B in both U87 and U251 cells significantly 
enhanced these malignant activities. In addition, ELISA assay 
and western blotting showed that Rap2B increased MMP2 
and MMP9 expression. The western blot assay revealed that 
Rap2B induced the phosphorylation of ERK in glioma cells. 
Furthermore, silencing the ERK pathway by SCH772984 led to 
the inhibition of Rap2B‑mediated proliferation, migration and 
the reduction of MMP2 and MMP9 expression. Kaplan‑Meier 
analysis revealed that increased Rap2B expression was associ‑
ated with poorer survival of patients with LGG. These results 
demonstrated that Rap2B may participate in the processes of 

glioma cell proliferation and migration through enhancing 
MMP2 and MMP9 expression via the ERK pathway. Thus, 
Rap2B could potentially be used as a promising therapeutic 
target and prognostic biomarker in glioma.

Introduction

Gliomas account for 80% of all malignant primary brain tumors, 
with an annual incidence of approximately 6 per 100,000 in 
the USA (1). Despite great advances in therapeutic strategies in 
the past decade, including surgical resection, radiotherapy and 
chemotherapy, the prognosis of patients with glioma remains 
unsatisfactory due to high metastasis and recurrence, with 
a median survival of only 10‑14 months (2). Therefore, it is 
important to understand the molecular mechanisms underlying 
tumorigenesis and progression of glioma in order to identify 
novel therapeutic targets.

The ERK signaling pathway is one of the most frequently 
activated pathways in various human tumors, including 
glioma. The ERK pathway is involved in regulation of 
multiple biological functions, including cell proliferation, 
differentiation, apoptosis, migration and invasion (3‑6). Tumor 
metastasis requires tumor cell‑derived proteases, especially 
matrix metalloproteinases (MMPs), to degrade the extracel‑
lular matrix (ECM) (7,8). MMPs have been demonstrated to 
be crucial for the invasive and metastatic potential of a variety 
of malignant tumors, such as breast, lung and pancreatic 
cancer (9). Among the MMPs, the present study focused on 
MMP2 and MMP9, which were shown to promote glioma cell 
motility (10). However, the underlying mechanism of MMP2 
and MMP9 in glioma remains unclear.

Rap proteins are a subgroup of the Ras family; a group of 
small guanosine 5' triphosphate (GTP) binding proteins with 
five different isoforms: Rap1A, Rap1B, Rap2A, Rap2B and 
Rap2C (11). Rap2B, a member of the Ras oncogene family, 
is highly expressed in diverse types of tumors, including 
colorectal cancer  (12), hepatocellular carcinoma  (13) and 
lung cancer (14). Similar to other Ras proteins, Rap2B can be 
activated and inhibited by a variety of external and internal 
inducers, circulating between its GTP‑bound active state and 
GDP‑bound inactive state (15). Several studies have reported 
that Rap2B has a critical regulatory role in a series of cellular 
biological processes, such as cell adhesion, proliferation, 
migration and invasion, as well as signal transduction in 
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human cells  (16,17). The association between Rap2B and 
tumorigenesis has been previously confirmed, for example 
Rap2B promotes the tumor growth in vivo in renal cell carci‑
noma (18) and, in prostate cancer, Rap2B regulates tumor 
growth and metastasis through the focal adhesion kinase 
pathway (19). Additionally, Rap2B is a direct target gene of 
p53 and functions in a p53‑dependent manner in the regulation 
of apoptosis and migration (20). Zhang et al (21) reported that 
miR‑194 suppresses cell proliferation and invasion of bladder 
cancer by targeting Rap2B expression. Miao et al (22) showed 
that Rap2B‑knockdown inhibits the malignant behaviors 
of glioma cells through the NF‑κB pathway. However, the 
molecular mechanism of Rap2B in glioma has not yet been 
fully elucidated.

The present study investigated the protein and mRNA 
expression levels of Rap2B in glioma cells and tissues, as well as 
the role of Rap2B in regulating the biological activities of glioma 
cells via using bi‑directional regulation of Rap2B. Additionally, 
the correlation between Rap2B expression and disease character‑
istics or patient survival was further analyzed in this study.

Materials and methods

Cell culture. Normal human astrocytes (NHAs) were 
purchased from a typical cell culture collection Committee 
of the Chinese Academy of Sciences Library and cultured in 
RPMI‑1640 culture medium (Gibco; Thermo Fisher Scientific, 
Inc.). Human glioma cell lines U87 (a glioblastoma of unknown 
origin) and U251 were purchased from The Cell Bank of Type 
Culture Collection of The Chinese Academy of Sciences and 
cultured in DMEM/high glucose (HyClone; Cytiva). These 
media were supplemented with 10% FBS (HyClone; Cytiva) 
and 1% penicillin‑streptomycin. All cells were placed in an 
incubator with 5% CO2 at 37˚C.

Cell transfection. Untransfected glioma cells were used as 
the control group. Small interfering RNA against Rap2B 
(si‑Rap2B) and non‑targeting negative control  (si‑NC) 
were purchased from Guangzhou RiboBio Co., Ltd. The 
following sequences were used to knockdown Rap2B: 
siRNA, 5'‑CGACCAUCGAAGACUUUUATT‑3' (Sense) and 
5'‑UAAAAGUCUUCGAUGGUCGTT‑3' (antisense). Glioma 
cells were transfected with 50 nM si‑Rap2B or 50 nM si‑NC 
until cell density reached ~50% confluence by riboFECT 
CP reagent (Guangzhou RiboBio Co., Ltd.) based on the 
manufacturer's indication. The overexpression plasmids of 
pcDNA3.1‑Rap2B (oe‑Rap2B) and pcDNA3.1‑vector (oe‑NC) 
were designed and synthesized by Shanghai GeneChem Co., 
Ltd. When cell confluence reached ~90%, cells were transfected 
with 5 µg overexpression plasmids using Lipofectamine® 3000 
(Invitrogen; Thermo  Fisher Scientific, Inc.) based on the 
manufacturer's instructions. The medium was changed to 
serum‑free medium without penicillin and streptomycin prior 
to the transfection. Then, cells were subjected to subsequent 
experimentation 48 h following transfection.

Cell Counting Kit (CCK)‑8 assay. Cell proliferation was 
measured using CCK‑8 (Dojindo Molecular Technologies, 
Inc.) according to the manufacturer's instruction. Briefly, 
transfected cells were planted into 96‑well plates at a density 

of 2,500 cells/well, and cultured for 24‑72 h. Then, 10 µl 
of CCK-8 solution was added to each well and the plates 
were further incubated for 2 h at 37˚C. The absorbance was 
measured at 450 nm using a scanning microplate absorbance 
reader (Thermo Fisher Scientific, Inc.).

5‑Ethynyl‑2'‑deoxyuridine (EdU) assay. After transfection, 
U87 and U251  cells were seeded into 96‑well plates and 
cultured in serum‑free medium for 24 h incubation at 37˚C. 
When cell confluence reached 60%, each well was incubated 
with 100 µl diluted EdU solution for 2 h at 37˚C. The EdU 
kit (cat. no. C10310‑1) was obtained from Guangzhou RiboBio 
Co., Ltd. Subsequently, the nuclei could be found using an 
inverted fluorescence microscope (Nikon Corporation). Then, 
we counted each well at 5 different microscope fields under a 
fluorescence microscope (magnification, x200). The quantita‑
tive data were presented as the percentage of EdU‑positive 
nuclei relative to total number of nuclei counted using ImageJ 
(version 1.52q; National Institutes of Health). The experiment 
was performed in triplicate.

Cell migration assay. Cell migration was carried out using 
two‑chamber plates with pore size of 8 µm. After transfection, 
2x104 glioma cells were placed into the upper chambers with 
serum‑free medium, and 500 µl of DMEM (HyClone; Cytiva) 
containing 20% FBS (HyClone; Cytiva) was added to the 
lower chambers. After incubation at 37˚C for 24 h, the cells 
remaining in the upper chambers were removed with cotton 
swabs. The migrated cells in the lower chambers were fixed 
with 100% methanol for 20 min at room temperature and 
stained with 0.1% crystal violet for 30 min at room tempera‑
ture. In total, eight microscopy fields on the lower surface 
of each chamber were randomly chosen, and images were 
captured using an inverted fluorescence microscope (Nikon 
Corporation).

Enzyme‑linked immunosorbent assay (ELISA). The superna‑
tant of transfected U87 and U251 cells were collected from 
each group after 24 h. The Human Matrix MetalloProteinase 
(MMP)2 ELISA (cat.  no.  ab100606; Abcam) and MMP9 
ELISA kits (cat. no. ab100610; Abcam) were used to detect 
the concentrations of MMP2 and MMP9 based on the manu‑
facturer's guidelines. The absorbance at 450 nm wavelength 
was recorded using the microplate reader (Thermo Fisher 
Scientific, Inc.).

Reverse transcription‑quantitative (RT‑q)PCR analysis. Total 
RNA was extracted from transfected U87 and U251 cells using 
TRIzol® (Invitrogen, Thermo Fisher Scientific, Inc.). cDNA 
was synthesized using the Reverse Transcription kit (Takara 
Bio, Inc.) according to the manufacturer's protocol. qPCR was 
performed using SYBR® Premix Ex Taq™ II kit (Takara Bio, 
Inc.) on Light Cycler 480 instrument (Roche Diagnostics). The 
following thermocycling conditions were used: Initial denatur‑
ation at 95˚C for 30 sec, 45 cycles of 95˚C for 5 sec, 60˚C for 
30 sec, melting curve at 95˚C for 5 sec, 60˚C for 60 sec, 95˚C 
for 5 sec, and cooling at 50˚C for 30 sec. The primers were as 
follows: Rap2B, Forward: 5'‑TTACCGCAAGGAGATTGAG‑3', 
reverse: 5'‑GGCTGTAGACCAGGATGAAG‑3'; GAPDH, 
forward: 5'‑GAAGGTGAAGGTCGGAGT‑3', reverse: 
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5'‑GAAGATGGTGATGGGATTTC‑3'. The 2‑ΔΔCq  method 
was used to calculate gene expression (23), and GAPDH was 
selected as the internal reference.

Western blotting. Total proteins from cultured glioma cells 
were extracted using RIPA lysis buffer (Beyotime Institute of 
Biotechnology) and their concentrations were determined using 
a bicinchoninic acidprotein assay reagent kit (cat. no. P0010S; 
Beyotime Institute of Biotechnology). A total of 30 µg proteins 
were loaded per lane and separated via 10% SDS‑PAGE, then 
transferred to a PVDF membrane (Bio‑Rad Laboratories, 
Inc.). After blocking with 5%  fat‑free milk for 2  h at 
room temperature, the membranes were incubated with 
primary antibodies overnight at 4˚C. After washing with 
TBS‑Tween‑20 (0.5% Tween), the membranes were incubated 
with secondary antibody for 1 h at 37˚C. Image Lab software 
version 3.0 (Bio‑Rad Laboratories, Inc.) was used to detect the 
protein bands, and proteins were visualized using enhanced 
chemiluminescent substrate (Thermo Fisher Scientific, Inc.). 
The antibodies used were: Rap2B (cat. no. ab101369; 1:1,000), 
MMP‑2 (cat. no. ab92536; 1:1,000), MMP‑9 (cat. no. ab76003; 
1:1,000), ERK (cat.  no.  ab184699; 1:10,000) and phos‑
phorylated (p)‑ERK (cat. no. ab76299; 1:5,000) (all Abcam). 
Secondary antibody (cat.  no.  SA00001‑2; 1:2,000) and 
GAPDH (cat. no. 10494‑1‑AP; 1:10,000) were purchased from 
ProteinTech Group, Inc.

Acquisition of clinical parameters and RNA‑sequencing 
data. The clinical and Rap2B expression data of 156 cases of 
patients with glioblastoma multiforme (GBM) and 511 cases 
of low‑grade glioma (LGG) were acquired from the dataset 
(Project ID: TCGA‑GBM and TCGA‑LGG) in The Cancer 
Genome Atlas (TCGA) database (https://portal.gdc.cancer.
gov/). Then, the normalized mRNA count (‘count’), which 
represented Rap2B gene expression, was used. Exclusion 
criteria were those samples with histological diagnosis 
excluding GBM or LGG and incomplete RNA‑sequencing 
data. Finally, Rap2B expression files containing GBM 
(152 GBM tissues; five matched normal tissues) and 509 LGG 
(248 grade 2; 261 grade 3) were downloaded from TCGA 
project. The grading system was based on the World Health 
Organization classification (24).

Statistical analysis. All experiments were independently 
repeated at least three times. Data were analyzed with SPSS 19.0 
software (IBM Corp.) and GraphPad Prism 6.01 software 
(GraphPad Software, Inc.) and presented as mean ± standard 
deviations. Comparisons between two groups were executed 
using Student's t‑test. Comparisons among ≥3 groups were 
performed using one‑way ANOVA followed by Tukey's test. 
χ2 or Fisher's exact tests were performed to assess the rela‑
tionship between Rap2B expression and clinicopathological 
characteristics. Then, the survival curves of Rap2B were plotted 
using Kaplan‑Meier analysis based on the log‑rank test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Rap2B upregulation in human glioma. Compared with NHA, 
the results of western blotting showed that the protein level 

of Rap2B in U87 and U251 cells was upregulated (Fig. 1A; 
P<0.001). To confirm these findings, Rap2B expression was 
further analyzed using TCGA database. The results revealed 
that Rap2B expression was significantly upregulated in 
152 GBM tissues compared with that in five matched normal 
tissues (Fig. 1B; P=0.0372). In 509 patients with LGG, Rap2B 
expression in patients with tumor grade 3 was significantly 
higher compared with patients with tumor grade 2 (Fig. 1C; 
P<0.0001). Among histological types of LGG, Rap2B from 
astrocytoma was more highly expressed compared with 
oligodendroglioma based on TCGA‑LGG dataset (Fig. 1D; 
P=0.001). The results demonstrated that Rap2B was upregu‑
lated and associated with tumor grade and histological type in 
human glioma.

Then, Rap2B was simultaneously silenced or overex‑
pressed in U87 and U251 cells. No significant difference 
was observed in the levels of Rap2B mRNA and protein 
between the control group and the respective NC  group 
(Fig. 1E and F). Relative to the respective NC group, mRNA 
and protein expression of Rap2B in both U87 and U251 cells 
was decreased in the silenced Rap2B group (Fig. 1E; P<0.05) 
and increased in the overexpressed Rap2B group (Fig. 1F; 
P<0.001).

Silenced or overexpressed Rap2B influences proliferation 
of glioma cells. To investigate whether Rap2B affects the 
proliferation of glioma cells, a CCK‑8 assay was performed. 
It was observed that there was no significant difference in 
cell proliferation between the respective NC and control 
groups. The CCK‑8 assay revealed that proliferation rates 
of U87 and U251 cells were significantly reduced in the 
si‑Rap2B group (Fig. 2A; P<0.05), but significantly enhanced 
in the Rap2B‑overexpression group compared with the corre‑
sponding NC group (Fig. 2B; P<0.05). To further verify the 
effect of Rap2B on glioma cell proliferation, an EdU assay 
was conducted. Similar results were obtained, showing a 
significant decrease in the number of EdU‑positive glioma 
cells with Rap2B‑knockdown (Fig. 2C; P<0.05), while the 
number of EdU‑positive glioma cells transfected with Rap2B 
overexpression plasmids was significantly elevated relative to 
the corresponding NC group (Fig. 2D; P<0.05). The inhibitor 
SCH772984 weakened this promotive effect of proliferation 
elicited by overexpressed Rap2B in both U87 and U251 cells 
(P<0.05; Fig. 2B and D), suggesting the involvement of ERK 
pathway in regulating Rap2B‑mediated proliferation. The 
aforementioned results demonstrated that the alterations of 
Rap2B were closely associated with the proliferation of glioma 
cells.

Silenced or overexpressed Rap2B influences migration of 
glioma cells. The effect of Rap2B on the migration ability 
of glioma cells was evaluated using a cell migration assay. 
Compared with the NC group, Rap2B‑knockdown signifi‑
cantly reduced the migration ability of U87 and U251 cells 
(Fig. 3A; P<0.05), whereas Rap2B overexpression led to a 
significantly enhanced migration ability (Fig. 3B; P<0.001). 
No significant difference could be observed in the migration 
of U87 and U251 cells between the control group and relative 
NC group. These results indicated that Rap2B could promote 
the migration ability of glioma cells.
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Rap2B enhances MMP2 and MMP9 expression in glioma 
cells. To investigate whether Rap2B could increase MMP 
expression, an ELISA assay and western blotting were 
performed to examine the expression of MMP2 and MMP9. 
As shown in Fig. 4A, Rap2B‑overexpressing U87 and U251 
cells presented significant increases in protein levels of MMP2 
and MMP9 in the supernatant of glioma cells (P<0.01). Rap2B 
expression in U87 and U251 cells was silenced by Rap2B 
siRNA to determine the effect on protein expression of MMP2 
and MMP9. The results suggested that Rap2B‑knockdown 
attenuated the secretion of MMP2 and MMP9 compared with 
the NC group in U87 and U251 cells (all P<0.05; Fig. 4B). 
Moreover, this was corroborated by western blot analysis, 
showing the increased levels of MMP2 and MMP9 in the 
overexpressed Rap2B group and decreased MMP2 and MMP9 
expression in Rap2B‑silenced U87 and U251 cells compared 
with the NC group (all P<0.01 or P<0.001; Fig. 4C and D). 
Collectively, these results demonstrated that Rap2B facilitated 
the expression of MMP2 and MMP9.

Rap2B is associated with the activation of the ERK pathway. 
Rap2B could potentially activate multiple pathways, such as 
MAPK/ERK, PI3K/AKT and NF‑κB (22,25,26). To analyze 
whether Rap2B could lead to ERK activation, glioma cells were 
transfected with Rap2B‑overexpression plasmids. Western blot 
analysis revealed that the phosphorylation of ERK was signifi‑
cantly enhanced in Rap2B‑overexpressing U87 and U251 
cells compared with that in the NC group (Fig. 5B; P<0.001). 
However, SCH772984 (an ERK pathway inhibitor) reversed 
the promotion in the phosphorylation of ERK mediated by 
Rap2B‑overexpression in U87 and U251 cells (P<0.05). In 
contrast, the level of ERK phosphorylation was attenuated in 
Rap2B‑silenced U87 and U251 cells relative to the NC group 
(Fig. 5A; P<0.001). These findings demonstrated that Rap2B 
significantly promoted ERK activation in glioma cells.

Effects of ERK signaling on Rap2B‑induced cell prolif‑
eration, migration and expression of MMP2 and MMP9. 
To further confirm the involvement of ERK pathway in 

Figure 1. Rap2B expression in glioma. (A) Expression of Rap2B analyzed using western blot analysis in NHA, U87 and U251 cells. (B) Rap2B expression 
was elevated in 152 GBM samples compared with that in five adjacent normal samples in the TCGA‑GBM dataset. (C) In the TCGA‑LGG dataset, Rap2B 
expression in patients with tumor grade 3 (n=261) was notably higher compared with patients with tumor grade 2 (n=248). (D) Rap2B in astrocytoma (n=192) 
was upregulated relative to oligodendroglioma (n=190) based on TCGA‑LGG dataset. (E) Detection of Rap2B‑silencing in U87 and U251 cells. (F) Detection 
of Rap2B overexpression in U87 and U251 cells. &&&P<0.001 vs. NHA. *P<0.05, **P<0.01 and ***P<0.001 vs. the corresponding NC group. TCGA, The Cancer 
Genome Atlas; GBM, glioblastoma multiforme; LGG, low‑grade glioma; NHA, normal human astrocyte; NC, negative control; ns, no statistical significance; 
si, short interfering; oe, overexpressed.
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Rap2B‑stimulated secretion of MMP2 and MMP9, glioma 
cells were treated with SCH772984. As presented in 
Figs. 2B‑D and 3B, it was observed that SCH772984 signifi‑
cantly weakened Rap2B‑induced promotion of proliferation 
and migration of glioma cells (P<0.05), indicating that ERK 
signaling was required for proliferation and migration induced 
by Rap2B. Moreover, the results of the ELISA assays and 
western blotting showed that MMP2 and MMP9 expression 
was significantly reduced following co‑treatment with Rap2B 
and SCH772984 compared with that in the overexpressed 
Rap2B group (all P<0.05, P<0.01 or P<0.001; Fig. 6A-D). 

Hence, inhibition of ERK pathway using SCH772984 treat‑
ment could restrain Rap2B‑mediated production of MMP2 
and MMP9 (Fig. 6A‑D), demonstrating the involvement of 
ERK signaling in modulating Rap2B‑stimulated MMP2 and 
MMP9 production.

Association of Rap2B expression with clinical parameters 
in 152 GBM and 509 LGG samples. As Rap2B expression 
promoted the proliferation and migration of glioma cells, the 
association between Rap2B expression and clinical features in 
GBM and LGG was further analyzed using TCGA database. 

Figure 2. Effect of Rap2B on proliferation of glioma cells. (A) CCK‑8 assay showed that silenced Rap2B suppressed glioma cell proliferation. (B) CCK‑8 assay 
showed that overexpressed Rap2B enhanced glioma cell proliferation, while SCH772984 restrained their proliferation. (C and D) An EdU assay was performed 
to further determine the proliferation ability of glioma cells. Magnification, x200. *P<0.05, **P<0.01 and ***P<0.001 vs. the corresponding NC group. ##P<0.01 
and ###P<0.001 vs. the overexpressed Rap2B group. NC, negative control; ns, no statistical significance; CCK‑8, Cell Counting Kit 8; si, short interfering; 
oe, overexpressed.

https://www.spandidos-publications.com/10.3892/ol.2021.12575
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Figure 3. Effect of Rap2B on migration of glioma cells. (A) Transwell migration assay revealed that silenced Rap2B in U87 and U251 cells suppressed cell 
migration. (B) Overexpressed‑Rap2B contributed to the migration of glioma cells. Glioma cells treated with SCH772984 exhibited reduced cell migration. 
Magnification, x200. **P<0.01 and ***P<0.001 vs. the corresponding NC group. ###P<0.001 vs. the overexpressed Rap2B group. NC, negative control; ns, no 
statistical significance; si, short interfering; oe, overexpressed.

Figure 4. Effects of Rap2B on MMP2 and MMP9 expression in glioma cells. (A) After glioma cells were treated with Rap2B overexpression plasmids, an 
ELISA assay was employed to examine the secretion of MMP2 and MMP9. (B) Following the silencing of Rap2B, an ELISA was used to detect MMP2 
and MMP9 expression in the supernatant of glioma cells. Western blot analysis and protein quantification revealed the protein levels of MMP2 and MMP9 
following treatment with (C) overexpressed and (D) knocked down Rap2B. *P<0.05, **P<0.01 and ***P<0.001 vs. the corresponding NC group. NC, negative 
control; ns, no statistical significance; MMP, matrix metalloproteinase; si, short interfering; oe, overexpressed; ELISA, enzyme‑linked immunosorbent assay.
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As presented in Table  I, the relationship between Rap2B 
expression and clinical characteristics of patients with GBM 
were detailed. It was revealed that Rap2B expression was not 
significantly associated with sex, age and tumor recurrence or 
progression status in GBM. Kaplan‑Meier survival analysis 
indicated that patients with GBM with high expression of 
Rap2B showed a shorter survival time compared with those 
in the low expression group, but there was no significant 
difference between two groups (Fig. 7A). In LGG samples, 
as presented in Table  II, the results revealed that Rap2B 
expression was significantly associated with tumor grade and 
histological type (P<0.05), while no significant association 

was observed between Rap2B expression and sex or age in 
this population. Further survival analysis showed that patients 
with LGG with higher expression of Rap2B had significantly 
unfavorable survival compared with those in the lower expres‑
sion group (Fig. 7B; P=0.0001). Moreover, high expression 
of Rap2B was found to be associated with poor prognosis of 
patients with tumor grade 3 (Fig. 7D; P=0.0006), while there 
was no significant difference between high and low expression 
groups of patients with grade 2 LGG (Fig. 7C). These results 
indicated that Rap2B expression was closely associated with 
certain clinical characteristics and higher Rap2B expression 
was associated with poorer survival of patients with LGG.

Figure 5. Rap2B activates the ERK pathway. (A) Western blot analysis showed that the protein expression of p‑ERK was significantly reduced in Rap2B‑silencing 
U87 and U251 cells. (B) Level of p‑ERK was significantly increased in Rap2B‑overexpressing U87 and U251 cells. Treatment with SCH772984 suppressed 
p‑ERK expression. ***P<0.001 vs. the corresponding NC group. #P<0.05 and ##P<0.01 vs. the overexpressed Rap2B group. NC, negative control; ns, no statis‑
tical significance; p‑, phosphorylated; si, short interfering; oe, overexpressed.

Figure 6. Effects of ERK pathway on Rap2B‑induced MMP2 and MMP9 expression. An enzyme‑linked immunosorbent assay showed MMP2 and 
MMP9 secretion in the supernatant of (A) U87 and (B) U251 glioma cells. Protein levels of MMP2 and MMP9 were determined by western blot analysis 
following treatment with Rap2B overexpression plasmids with or without SCH772984 in (C) U87 and (D) U251 cells. *P<0.05, **P<0.01 and ***P<0.001 vs. the 
control group. #P<0.05, ##P<0.01 and ###P<0.001 vs. the overexpressed Rap2B group. MMP, matrix metalloproteinase.

https://www.spandidos-publications.com/10.3892/ol.2021.12575
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Discussion

Rap2B, a member of the Ras family of the guanosine 
triphosphate‑binding proteins, has attracted considerable 
attention since its identification in the early 1990s (27). A 
previous study reported that mutations or overexpression 
of Ras genes are implicated in tumorigenesis and predicted 

poor prognostic survival in numerous types of tumors, such 
as thyroid, lung and colorectal cancer (28). Rap2B is observed 
to be predominantly upregulated in a variety of tumors and 

Figure 7. Kaplan‑Meier survival analysis for Rap2B expression associated with overall survival of patients with GBM and LGG from TCGA database. 
(A) Patients with GBM and high expression of Rap2B tended to have a shorter survival time compared with those in the low group, but no significant difference 
between two groups. (B) Patients with LGG and increased expression of Rap2B showed poorer survival outcomes compared with those with low expression. 
(C) No significant difference was observed between high group and low group in patients with LGG with tumor grade 2. (D) High expression of Rap2B 
predicted unfavorable prognosis of patients with grade 3. GBM, glioblastoma multiforme; LGG, low‑grade glioma; TCGA, The Cancer Genome Atlas.

Table I. Association of Rap2B expression with clinical features 
in 152 patients with glioblastoma multiforme.

	 Rap2B expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 Value, n	 High group	 Low group	 P‑value

Age, years
  >60	 76	 37	 39	 0.746
  ≤60	 76	 39	 37
Sex
  Female	 54	 26	 28	 0.735
  Male	 98	 50	 48
Recurrence or
progression
  Yes	 84	 44	 40	 0.514
  No	 68	 32	 36

Table II. Expression of Rap2B associated with clinical features 
in 509 patients with low‑grade glioma.

	 Rap2B expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Value,	 High	 Low
Characteristics	 n	 group	 group	 P‑value

Age, years
  >43	 222	 107	 115	 0.499
  ≤43	 287	 147	 140
Sex
  Female	 228	 112	 116	 0.752
  Male	 281	 142	 139
Histological type
  Astrocytoma	 192	 114	   78	 0.001
  Oligoastrocytoma	 127	   63	   64
  Oligodendroglioma	 190	   77	 113
Grade
  G2	 248	 109	 139	 0.009
  G3	 261	 145	 116	
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acts as an oncogenic activator (29,30). In the present study, 
Rap2B was highly expressed in both glioma cells and tissues. 
Additionally, it was revealed that Rap2B could facilitate the 
proliferation and migration of glioma cells. These findings 
suggested that Rap2B may have a pivotal role in the develop‑
ment and progression of human glioma.

Rap2B is reported to be involved in regulating cellular 
processes including cytoskeletal organization and cell prolif‑
eration (31). Increasing focus on the Ras signaling pathway 
reveals critical effects of Rap2B on tumorigenesis. Previous 
research reported that Rap2B exhibits oncogenic status and 
functions as a tumor promoter in human tumors  (20,32). 
Evidence suggests that Rap2B promotes cell proliferation, 
migration and invasion in cervical cancer (33). Another study 
revealed that increased Rap2B is associated with cell migration 
and invasion of human suprarenal epithelioma (34). Consistent 
with the results of aforementioned studies, the present study 
demonstrated that Rap2B enhanced the proliferation and 
migration of U87 and U251 cells, whereas silencing Rap2B 
restrained this effect, further indicating the biological function 
of Rap2B.

As a member of the Ras superfamily of proteins, Rap2B 
facilitates the activation of multiple pathways such as 
MAPK/ERK, PI3K/AKT and NF‑κB, which are implicated in 
the occurrence and progression of various tumors, including 
breast cancer, hepatocellular carcinoma and glioma (18,26). 
ERK is a key factor in cancer, and it is reported that the 
Ras/Raf/MAPK/ERK pathway modulates a series of cellular 
biological processes associated with tumorigenesis(35). 
Rap2B enhances cell proliferation through the ERK pathway, 
and ERK activation has a critical role in the development 
of cervical cancer, such as cell proliferation, migration 
and invasion  (33). A previous study reported that Rap2B 
contributes to cell proliferation, migration and invasion in 
breast cancer via the calcium‑induced ERK pathway (25). 
A recent study showed that Rap2B silencing inhibits the 
development of hepatocellular carcinoma via inhibition of 
the PTEN/PI3K/Akt and ERK pathways (26). Concordantly, 
the present study indicated that Rap2B activated the ERK 
signaling pathway, which enhanced the proliferation and 
migration of glioma cells.

Although accumulating evidence has revealed the crucial 
role of Rap2B in the development and progression of multiple 
tumors (18,25,26), the potential molecular mechanism by which 
Rap2B promotes the proliferation and migration of glioma 
cells remains unknown. Tumor metastasis is induced partially 
by MMPs (36‑38). MMP2 and MMP9 drive cell motility and 
tumor growth by digesting the ECM, basal lamina and adhe‑
sion proteins (10,39). The present study reported that Rap2B 
enhanced MMP2 and MMP9 expression, while the inhibition 
of the ERK signaling pathway reversed Rap2B‑mediated 
MMP2 and MMP9 expression, demonstrating that ERK 
signaling is required for Rap2B‑induced production of MMP2 
and MMP9. Since MMP2 and MMP9 are crucial to tumor 
growth and metastasis (40), Rap2B may enhance the prolifera‑
tion and migration of glioma cells through increasing MMP2 
and MMP9 expression.

To further investigate the association between Rap2B 
expression and certain clinical parameters, TCGA, a publicly 
available database, was used. Kaplan‑Meier analysis showed 

that high expression of Rap2B was associated with overall 
survival time of patients with LGG, indicating a risk factor in 
LGG. In patients with GBM, the same trend was observed, but 
no significant difference was found between the high and low 
Rap2B expression group. It is worth noting that patients with 
GBM are generally treated with preoperative radiotherapy 
and concomitant temozolomide (41). It was postulated that the 
discrepancy in these statistical results may stem from these 
preoperative therapies in patients with GBM, thereby affecting 
Rap2B transcription. These findings suggested that higher 
Rap2B expression predicts poorer prognosis in patients with 
glioma. Therefore, Rap2B may be used as a novel prognostic 
biomarker and therapeutic target for glioma.

Of note, there were limitations in the present study. Due 
to the small number of adjacent normal brain tissues in 
TCGA‑GBM dataset, it may be not adequate to accurately 
compare Rap2B expression between GBM tissues and matched 
normal tissues. So immunohistochemistry data from patients 
with glioma should be obtained. Furthermore, there was a lack 
of animal experiments in the study, but this will be the focus 
of the authors' future research. Xenograft experiments should 
be performed to confirm the present findings in vivo. Further 
investigation on the effect of Rap2B on glioma growth and the 
detailed mechanisms in glioma is the direction of our future 
study.

In summary, the present study revealed that Rap2B 
enhanced the proliferation and migration of human glioma 
cells via activation of ERK pathway. Additionally, Rap2B 
expression was upregulated in glioma and is associated with 
overall survival time of patients with glioma, indicating that 
it might act as a prognostic biomarker and therapeutic target 
for glioma.
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