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Objective: Rap2c is a member of the Ras superfamily that has been implicated in various
types of cancers. However, its role in glioma remains elusive. This study aimed to elucidate
the role of Rap2c in glioma and its specific molecular mechanism.

Methods: We determined the expression of Rap2c¢ in glioma tissues by Western blotting and
immunohistochemistry (IHC) assays. The proliferation and apoptosis of cells were explored
using CCK-8 and flow cytometry assay, whereas the migration and invasion of glioma cells
were determined using transwell assay. The potential mechanism of Rap2c in the migration
of glioma cell lines was investigated through Western blotting analysis and transwell assay.
BALB/c nude mice were used to establish tumor models to test the effect of Rap2c on cancer
metastasis in vivo.

Results: Our data showed that the protein expression of Rap2c was significantly up-
regulated in glioma tissues compared with normal brain tissues, and Rap2c overexpression
negatively correlated with 5-year overall survival rate. However, there was no correlation
between Rap2c expression and clinicopathological parameters of glioma patients.
Overexpression of Rap2c promoted the migration and invasion abilities of glioma cells but
had no significant effect on the proliferation of glioma cells. Western blotting analysis
revealed that Rap2c overexpression increased the phosphorylation level of extracellular
signal-related kinasel/2 (ERK1/2), and this effect was abolished with U0126, a selective
MEK inhibitor. Furthermore, overexpression of Rap2c induced lung metastasis of glioma
cells in xenograft models.

Conclusion: These findings indicate that high Rap2c expression predicts poor prognosis in
glioma. Rap2c-mediated ERK1/2 phosphorylation initiates EMT cascade and promotes
migration and invasion of glioma cells. Thus, targeting Rap2c and ERK signaling pathway
could be a novel treatment modality for glioma.
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Introduction

Gliomas comprise the most common type of primary malignant brain tumor, and
except for pilocytic astrocytoma and subependymal giant cell astrocytoma, nearly
all are characterized by high recurrence rates, high mortality rates, and short
survival times." Of note, the 5-year survival rate of glioma patients postdiagnosis
is only 5.5% whereas the median survival is approximate 14.5-16.6 months. These
statistics indicate poor prognosis of this cancer despite availability of multiple
treatments including surgery, radiotherapy and chemotherapy.” Several molecular
pathways and therapeutic targets have been proposed for glioma, but the clinical

translation of such targets has been challenging.®* This points to the need to
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unravel the molecular mechanisms that drive glioma pro-
gression and metastasis and expose novel therapeutic tar-
gets for glioma.

Rap2c, a fifth member of the Rap superfamily of small
GTP-binding first identified by
Paganini et al.” Similar to other members of Ras family,

proteins,  was
Rap proteins work as molecular switches of multiple signal
transduction cascades and play a pivotal role in cell/matrix,
cell/cell adhesion and cytoskeletal rearrangement.®’
Compelling evidence showed that Rap2a and Rap2b were
involved in tumor progression.*’ Hence, there has been
renewed interest to study the novel oncogenic roles of
Rap2 family.'® Zhang et al indicated that the expression
levels of Rap2b was predominantly upregulated in many
types of tumors, and supported the oncogenic status.''
Subsequent studies demonstrated that Rap2a was signifi-
cantly increased in various human tumors and involved in
cancer cell migration and invasion.® However, little is
known about the role of Rap2c in cancers, although Rap2c
gene has more than 90% sequence homology with Rap2b
and Rap2a.’

Different intracellular signaling pathways regulate the
proliferation, differentiation and motility of cancer cells,
among which the role of Ras/Raf/MAP kinase-ERK kinase
(MEK)/extracellular signal-regulated kinase (ERK) (MAPK)
pathway in the pathogenesis of cancer has long been
established.'? Ras protein binds to the plasma membrane in
its active form and recruits Raf. Then, Raf phosphorylates
and activates MEK, which in turn phosphorylates ERK.
Therefore, MAPK/ERK pathway is a convergent signaling
node receiving input from numerous stimuli, including DNA
damage pathways and internal metabolic stress. Epithelial-
mesenchymal transition (EMT) is a process in which epithe-
lial cells acquire a mesenchymal phenotype with increased
migration and invasion abilities, and MAPK/ERK signaling
pathway is involved in this process.'>!'* Recent study shows
that Rap2c promotes proliferation and inhibits apoptosis of
breast cancer cells via MAPK signaling pathway.'
Considering that Rap2c is a member of the Ras superfamily
of GTPases, we speculate that there is a relationship between
Rap2c and MAPK/ERK signaling pathway which influence
the migration of glioma cells.

In the current study, we compared the expression of
Rap2c in glioma tissues and cell lines, and explored
whether its expression correlated with clinicopathological
characteristics of glioma patients. We found that high
expression of Rap2c was significantly associated with
glioma occurrence. In addition, activation of Rap2c altered

the expression of EMT markers and promoted invasion
and metastasis of glioma cells through phosphorylating
ERK. This study revealed that the novel Rap2c-ERK sig-
naling pathway promoted migration and metastasis of
glioma cells.

Materials and Methods

Patients and Specimens

All experiments involving human participants were approved
by the Ethics Commiittee of the Affiliated Hospital of Xuzhou
Medical University. All patients provided written informed
consent to participate in the study. Tissue microarray (TMA)
cohorts were utilized in this study. TMA, including 15 nor-
mal brain tissues and 180 glioma tissues, was obtained from
Shanghai Xinchao Biotechnology (Shanghai, China). The
array dot diameter was 1.5 mm and each dot represented
a tissue spot from one individual specimen that was patho-
logically confirmed. According to the WHO criteria for
pathologic grading of tumors, 105 cases of malignant tumors
were Grade I-1I whereas 75 cases of malignant tumors were
Grade III-1V.

Immunohistochemistry

The streptavidin-peroxidase (Sp) method was employed to
perform IHC of tumor tissues using the Sp Kit (Zhongshan
Biotech,China). Paraffin-embedded slides were dewaxed at
60°C for 2h followed by 15 min washes with dimethylben-
zene. Next, the slide was rehydrated with graded ethanol and
distilled water. For antigen retrieval, the slides were heated at
95°C for 30 min in 0.0IM citrate buffer (pH=6.0).
Endogenous peroxidase activity was inhibited by incubation
with 3% hydrogen peroxide for 20 min. After blocking for
30 min with 10% normal goat serum, the sections were
incubated with polyclonal rabbit anti-Rap2c antibody
(1:100 dilution; Abcam) overnight at 4°C. Next, the slides
were incubated with a biotinylated secondary antibody
(Zhongshan Biotech, China) at room temperature for
30 min. The slides were then treated with avidin-peroxidase
reagent and 3, 3'-diaminobenzidine substrate (DAB,
Zhongshan Biotech, China). Subsequently, slides were coun-
terstained with hematoxylin, dehydrated, and sealed with
cover slips. Negative controls were obtained by phosphate
buffered saline (PBS) with non-immune serum. Results of
Rap2c staining were analyzed by two pathologists indepen-
dently who were blinded to each other.Any discrepancies in
the score results were resolved by consensus. Intensity scores
of Rap2c staining were assigned as follows: 0 (negative),
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1 (weak), 2 (moderate), and 3 (strong). The values of percen-
tage of positive malignant cells were assigned as follows: 1
for 0-25%, 2 for 26-50%, 3 for 51-75% and 4 for 76-100%.
The immunoreactive score (IRS) of each section was calcu-
lated by the products of the staining intensity and the percen-
tage of tumor cells. Staining patterns were divided into two
classes: negative (IRS:0-6), and positive (IRS: 8-12) based
on IRS.

Cell Lines, Plasmids and Transfection

Human glioma cell lines (U87, U118 and U251) were pur-
chased from Biochemistry and Cell Biology department,
Chinese Academy of Sciences (Shanghai, China) and cultured
in Dulbecco’s Modified Eagle’s Medium (DMEM; Hyclone,
USA) supplemented with 10% fetal bovine serum (Invitrogen,
USA). Normal human astrocyte cells were obtained from
Sciencell Research Laboratories (Carlsbad,USA) and cultured
in RPMI 1640 medium (Gibco,USA). These cells lines were
incubated in a humidified incubator at 37°C with 5% CO,. The
plasmid of pcDNA3.1-Rap2c was constructed by subcloning
Rap2c cDNA into the eukaryotic expression vector pcDNA3.1
through two restriction enzyme sites EcoRI and Hind III, and
confirmed by DNA sequencing. Subsequently, the pcDNA3.1
and pcDNA3.1-Rap2c were transiently transfected into U87
and U118 cells using Lipofectamine 2000 transfection reagent
(Invitrogen, USA) following the manufacturer’s protocol.
Stable cell lines were established by the infection with Rap2c-
lentivirus (LV-Rap2c; GenePharma, China) and control-
lentivirus (LV-Ctrl; GenePharma, China) and were selected
with puromycin (Vicmed,China) for 4 weeks. Rap2c siRNA
(5-GAAGCAAGAUCAGUGUUGUTT-3', 5’-ACAACACU
GAUCUUGCUUCTT-3') was purchased from GenePharma
(Shanghai, China). Transfection of Rap2c siRNA was
carried out using siLentFect Lipid Reagent (Bio-Rad, USA)
according to the manufacturer’s instructions. A non-specific
siRNA (5-UUCUCCGAACGUGUCACGUTT-3', 5'-ACGU
GACACGUUCGGAGAATT-3" was transfected as a control.

Cell Proliferation Assay

After transfection, the cells were seeded into 96-well
culture plates at a density of 5x10%/well. Cell prolifera-
tion was evaluated using Cell Counting Kit-8 (CCKS;
BeyotimeBiotech, China) at the indicated time points.
Briefly, 10 uL. CCK-8 solutions and 100 pL serum-free
culture medium were added to each well and incubated at
37°C for 2 h. The absorbance of the plate was read at
450 nm and the optical density values were used to

calculate the degree of cell proliferation. All assays
were repeated three times.

Apoptosis by Flow Cytometry with
Annexin V-FITC/PI

The cells were plated in six-well plates and transfected with
Rap2c expression plasmid for 24 h, or siRNA for 48 h. The
rate of apoptosis was measured with Annexin V/FITC
staining (KeyGen Biotech, China) using a fluorescence-
activated cell sorting machine (FACSCaliburTM, USA).
All procedures were carried out following the manufac-
turer’s instructions.

Western Blotting

Pre-treated cells were harvested and washed three times
with PBS. They were digested with lysis buffer (Beyotime
Biotech, China) and centrifuged to obtain total cellular
protein. The concentration of proteins was determined
using bicinchoninic acid (BCA) kit (Beyotime Biotech,
China). Next, 80 pg proteins were separated by 12.5%
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and electro-transferred to polyvinylidene
fluoride (PVDF) membrane. The membrane was blocked
for 2 h in 5% bovine serum albumin (BSA; Beyotime
Biotech, China), and incubated overnight at 4 °C with the
following primary antibodies: Rap2c (anti-rabbit; 1:1000;
Abcam), MEK1/2 (anti-mouse; 1:1000; CST), p-MEK1/2
(anti-rabbit; 1:1000; CST), E-cadherin (anti-mouse; 1:1000;
Proteintech), Vimentin (anti-mouse; 1:1000; Proteintech),
ERK1/2 (anti-rabbit; 1:1000; CST), p-ERK1/2 (anti-rabbit;
1:1000; CST), B-actin (anti-mouse; 1:5000; Proteintech).
Subsequently, the membranes were washed with PBS, and
probed with corresponding HRP secondary antibodies for
2 h at room temperature. Finally, the protein bands were
detected semiquantitatively with Tanon™ High-sig ECL
Western Blotting Substrate (Tanon, China).

Wound Healing Assay

Briefly, cells were seeded into 6-well plates in culture med-
fum and reached about 90% confluence. A wound was cre-
ated by dragging a 200 pL pipette tip along the center of the
plate. The confluent monolayer was washed three times with
PBS to remove debris and observed every 24 h using a light
microscope (Nikon, Japan) at X100 magnification. The rate
of wound healing was determined by comparing the wound
width at 24 h to the wound width at O h.
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Cell Migration and Invasion Assay
Transwell chambers (BD Bioscience, USA) containing 8 pm
pores were coated with or without Matrigel (BD Biosciences,
USA) for migration and invasion assays, respectively.
Briefly, 1x10* U87 cells orU118 cells was suspended in
serum-free medium and put in the upper chamber. After
incubation for 24 h at 37°C, cells in the upper chamber
were carefully removed and migrated cells were fixed in
methanol, and stained with crystal violet. The migration
and invasion of glioma cells were calculated and photo-
graphed under a light microscopy at x200 magnification.
All assays were repeated three times.

Xenograft Mouse Metastatic Model
Animal experiments were performed in strict accordance
with the protocols approved by the Institutional Animal

Care and Use Committee of Xuzhou Medical University.
Twenty female BALB/c nude mice were purchased from
Huafukang Biotechnology (Beijing, China) and randomly
divided into experimental groups. Stable U87 cells (LV-Ctrl
and LV-Rap2c) were diluted to 2x10%100uL PBS and
injected into mice via the lateral tail vein. After 5 weeks,
all mice were euthanized and lungs were then excised and
photographed. The number of metastatic tumors per lung
and its weight were counted and recorded. Finally, the lung
tissues were harvested and prepared for H&E and Western
blotting.

Statistical Analysis
All analyses were performed using SPSS 16.0 software
(SPSS, USA). Quantitative data were presented as means

+ SD (standard deviation). Means of different groups were
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compared using Student’s t-tests or one-way analysis of
the variance (ANOVA). The association between Rap2c
staining and the clinicopathologic parameters of the
glioma patients was determined by y* test. Survival analy-
sis was estimated by the Kaplan-Meier method and the
Log rank test. All experiments were performed at least
three times unless otherwise indicated. P value<0.05 was
considered statistically significant.

Results
Rap2c Is Upregulated in Glioma

Western blotting results revealed that Rap2c¢ protein level
was significantly higher in diverse glioma cell lines (U87,
U118 and U251) than in astrocyte cells (Figure 1A). Given
the high expression of Rap2¢ in U87 and U118 cells, these
cells were used in subsequent experiments. Rap2c was
also highly expressed in glioma tissues (Figure 1B). To
further explore the correlation between Rap2c expression
and glioma progression, we conducted IHC staining using
15 normal brain tissues and 180 malignant tumor tissues
(Grade I-1V). We found that Rap2c staining was more
intense in malignant glioma tissues, while its staining
was weaker in normal brain tissue (Figure 1C). Positive
Rap2c staining was recorded in 37.2% (67 of 180 cases) in
glioma tissues. Of the non-cancerous normal tissues from
15 patients, positive Rap2c expression was observed in
6.7% (1 of 15 cases) (Figure 1D). These results suggested
that Rap2c expression was up-regulated in both glioma
cells and tissues. We further performed Kaplan-Meier sur-
vival analysis and Log rank test based on Rap2c expres-
sion. The result showed that high Rap2c expression
negatively correlated with 5-year overall survival rate
(Figure 1E, P<0.05), suggesting that Rap2c predicts poor

outcomes in glioma patients.

Correlation of Rap2c Expression with
Clinicopathological Parameters

The clinical relationship between Rap2c expression and clin-
icopathological parameters in glioma was further analyzed to
explore the importance of Rap2c expression. However, we
did not find significant correlations between Rap2c expres-
sion and WHO grade (P=0.112) or histologic type (P=0.359).
In addition, Rap2c expression was not significantly corre-
lated with other clinicopathologic variables, such as patient
age (P=0.836) and gender (P=0.591) (Table 1).

Table | The Correlation Between Rap2c Expression and
Clinicopathological Characteristics Based on IHC Analysis

Variables Rap2c Staining
Negative (%) | Positive (%) | Total | P

All cases 113 (62.7) 67 (37.3) 180

Age (Year)
<57 38 (62.3) 23 (37.7) 6l 0.836
>57 76 (63.9) 43 (36.1) 119

Gender
Male 72 (64.3) 40 (35.7) 112 0.591
Female 41 (60.3) 27 (39.7) 68

WHO Grade
Grade I 71 (67.6) 34 (32.4) 105 0.112
Grade IlI-IV 42 (56.0) 33 (44.0) 75

Histologic Type
Astrocytoma 9 (47.3) 10 (52.7) 19 0.359
Glioblastoma 99 (70.2) 52 (29.8) 151
Oligoastrocytoma | | (100.0) 0 (0.0) |
Ependymoma 5 (55.6) 4 (44.4) 9

Rap2c Has No Effect on the Proliferation

of Glioma Cells

We further determined whether Rap2c regulates the growth
of glioma cells in vitro. Initially, pcDNA3.1 control and
pcDNA3.1-Rap2c plasmids were transiently transfected
into both U87 and U118 cells. After 24 h transfection,
Rap2c protein was significantly increased (Figure 2A). In
contrast, SIRNA transfection led to a marked reduction in
Rap2c expression in glioma cells (Figure 2B). Cell viability
was determined by CCK-8 and Annexin V-FITC/PI assays.
The result showed that Rap2c had no significant effect on
cell proliferation ability (Figure 2C). Expectedly, cell apop-
tosis was not different between Rap2c and control groups
(Figure 2D).

Effect of Rap2c on Invasion and Migration

of Glioma Cells

Given that there are significant correlations between
increased Rap2c expression and aggressive features in
glioma, we inferred that Rap2c enhanced tumor progres-
sion. It is noteworthy that malignant gliomas are aggres-
sive and lethal neoplasms featured by the rapid growth and
persistent infiltration.? In this study, wound healing assay
revealed that Rap2c overexpression accelerated wound
healing, as evidenced by the higher rate of wound healing
cells cells

in Rap2c overexpressing compared to
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transfected with the control vector. Similarly, the wound
filling was obviously retarded in glioma cells with siRap2c
(Figure 2E). In addition, transwell assay showed that over-
expression of Rap2c markedly strengthened the migration
and invasion abilities of glioma cells compared with nega-
tive control vectors. Knockdown of Rap2c effectively
reduced the number of invaded cells in both cell lines
(Figure 2F).

Rap2c-Mediated ERK Phosphorylation Alters
Expression of EMT Markers in Glioma Cells

Based on the results from cell migration and invasion assays,
we explored the mechanism by which Rap2c¢ influenced these
cellular processes. The transdifferentiation of epithelial cells
into motile mesenchymal cells, a process known as EMT,
contributes to fibrosis formation and cancer progression.
Western blotting results showed that high Rap2c protein expres-
sion decreased the expression of E-cadherin, and enhanced the
protein level of vimentin (Figure 3A). These results were con-
sistent with those of transwell assays shown in Figure 2E-F.
Since ERK phosphorylation results in the activation of multiple
substrates that are responsible for cell movement and adhesion,
we wondered whether Rap2¢c communicates with MAPK/ERK
signaling pathway. As shown in Figure 3B, Rap2c overexpres-
sion resulted in the up-regulation of MEK and ERK phosphor-
ylation (Figure 3B). These findings suggested that MEK/ERK
might be a downstream target of Rap2c that mediates Rap2c-
induced migration and invasion of glioma cells.

Rap2c Promotes Migration and Invasion
of Glioma Cells via Rap2c-ERK Signaling

Pathway
To further determine whether the effects of Rap2c on
migration of glioma cells were mediated by the MAPK/

us7 U118
Vector Rap2c Vector Rap2c
Rap2c | M a—)

E-cadherin |_ o __l

e
£ 20
g u11s B3 Vector

Vimentin | e s s
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B us? u118 209

ERK signaling pathway, cells were treated with U0126,
a selective MEK1/2 inhibitor, and then the migration and
invasion abilities of cells were detected. As expected,
selective inhibition of MEK significantly blocked Rap2c-
mediated increase in ERK phosphorylation (Figure 4A).
Moreover, U0126 pretreatment canceled the ability of
Rap2c to enhance the migration and invasion of glioma
cells (Figure 4B-D). Taken together, these results indicated
that ERK works as a downstream signaling molecule for
Rap2c to promote EMT in glioma cells in vitro.

Rap2c Promotes Glioma Metastasis via Regulating
ERK Phosphorylation in Xenograft Model

To further determine whether Rap2c can promote the
metastasis of glioma cells in vivo, we developed metas-
tasis models of murine xenograft. U87 cells were trans-
fected with then
intravenously injected into 6-week-old BALB/c nude

lentivirus encoding Rap2c and
mice via tail. Western blotting was performed to detect
the protein levels of ERK and Rap2c in stable U87 cells
before intravenous injection (Figure 5A). After five weeks
of feeding, all mice were sacrificed and numbers of meta-
static nodules on the lung surfaces were counted. The
number of lung metastasis in LV-Rap2c group was mark-
edly higher compared with LV-Ctrl group (Figure 5B-C).
Additionally, the lung weights in LV-Rap2c group were
higher than that in LV-Ctrl group (Figure 5D). H&E
staining confirmed that the nidi in mice lungs were meta-
static tumors (Figure 5E). Consistently, western blotting
showed that treatment with Rap2c increased ERK phos-
phorylation and decreased E-cadherin protein in lungs
(Figure 5F). Taken together, these results indicated that
Rap2c overexpression enhanced the metastatic capability
of glioma cells through up-regulating phosphorylated
ERK in vivo.
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Figure 4 Rap2c increases phosphorylation of ERK1/2, which is abolished by U0126. (A) After transfection of Rap2c, cells were incubated in the presence of 10 pmol/L
U0126 for 30 min. Western blotting analysis of protein levels of Rap2c, ERK1/2, p-ERK1/2 in U87 and U118 cells. (B) Wound healing assay results for cells overexpressing
Rap2c and pretreated with U0126. (C) Migration assays results for cells overexpressing Rap2c and pretreated with U0126. (D) Cell invasion was measured by using invasion
assay following transfection of glioma cells with Rap2c. Data are presented as meanSD from three independent experiments. *P<0.05, **P<0.01 vs. vector; *P<0.05,

&&p<0.01 vs. Rap2c.

Discussion

Gliomas are the most common malignant brain tumors. The
available treatment options are not effective enough, leading
to poor prognosis. Ras family of small GTPases regulates
various cellular processes including cell adhesion, cell cycle
control, differentiation, cytoskeletal organization and meta-
bolic turnover.'®'® Its subfamily Rap2 includes three mem-
bers: Rap2a, Rap2b and Rap2c.'” So far, Rap2b and Rap2a
have been reported to influence the development of tumor.*’
Wau et al demonstrated that Ras-related protein Rap2c pro-

motes the migration and metastasis of osteosarcoma cells via

regulating Akt signaling pathway.?’ Subsequent studies con-
firmed that miR-188-5p inhibits the proliferation of breast
cancer cells by targeting Rap2c.'> However, the effects of
Rap2c on tumorigenesis and metastasis of glioma have never
been reported by others.

In this study, we assessed whether Rap2c participates in
the pathogenesis of malignant brain tumors. Our results
showed that, similar to Rap2a and Rap2b, Rap2c was highly
expressed in glioma cells than in normal astrocyte cells.
Strong Rap2c staining was detected in glioma tissues,
whereas absent or low expression was showed in most

submit your manuscript

3080

Dove!

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

A us7 B

LV-Ctrl

LV-Ctrl

LV-Rapze
——
p-ERK1/2 ’»‘ —_— |

B-actin I——l

Rap2c I

*k

LV-Ctrl

-
@
-3

Lung weight (mg)
S

>
>

B
)
| |
LV-Rap2c

LV-Ctrl LV-Rap2c

Wang et al
LV-Rap2c C
3
3
2
s
i
€
2
LV-Ctrl LV-Rap2c
LV-Ctrl LV-Rap2c
Rap2c —
E-cadherin I-——— — ‘
PERKI? | —

B-actin

Figure 5 Rap2c promotes glioma cell metastasis in vivo. (A) Protein levels of p-ERK /2 and Rap2c were detected by Western blotting in stable transfected U87 cells. (B) Lungs
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Scale bar, 50 pm for E. (F) Protein levels of ERK phosphorylation and E-cadherin in lung tissues detected by Western blotting. Data are showed as mean % SD. **P< 0.01.

normal brain tissues and low-grade glioma. We further
evaluated the association of Rap2c expression with the
clinicopathological features and prognostic survival in
glioma. Our results showed that high levels of Rap2c
strongly reduced the overall survival of patients with
glioma. These indicated that Rap2c plays a pivotal role in
tumorigenesis and progression of glioma, which is consis-
tent with previous studies to support cancer-promoting
characters of Rap2c.?® However, there was no difference
in Rap2c expression between high-grade gliomas, and
Rap2c expression was not significantly associated with
age, gender, WHO grade and histologic type. This may be
due to the limited number of glioma samples or the limita-
tion of Rap2c to distinguish high-grade malignancies.
MAPK pathway has four signaling families, the MAPK/
ERK family, c-Jun N-terminal kinases (JNK), p38 and Big
MAP kinase-1 (BMK-1).? Generically, these kinases are
named MAPK kinase-kinase (MAPKKK), MAPK kinase
(MAPKK) and MAPK from upstream to downstream,
whereas MAPKK consists of MEK!1 and MEK2. Finally,
further downstream are ERK 1/2, which are the final effectors
of the MAPK pathway.?! Numerous evidences showed that
MAPK/ERK pathway was associated with cell proliferation,
differentiation, migration and EMT of glioma.*>*
Furthermore, Zhu et al found that miR-188-5p promotes
apoptosis and inhibits the proliferation of breast cancer
cells via the MAPK signaling pathway by targeting

Rap2c.'®> We, therefore, speculate that Rap2c, as a member
of Ras family, could recruit Raf to the cell membrane to
activate MEK, which in turn phosphorylates MAPK/ERK,
and co-regulates the progression of glioma. Our results
showed that overexpression of Rap2c promoted migration
and invasion abilities of tumor cells but did not affect the
proliferation of glioma cells. Animal model of glioma metas-
tasis also confirmed that Rap2c promoted lung metastasis
in vivo. Moreover, mesenchymal marker, vimentin was sig-
nificantly increased in U87 and U118 cells with Rap2c over-
expression. Conversely, epithelial marker, E-cadherin was
reduced by Rap2c upregulation. Mechanistically, Rap2c
increased phosphorylation of MEK1/2 and ERK 1/2.
Considering that Rap2c overexpression increased the
level of ERK phosphorylation, we used U0126, a selective
blocker of its upstream kinase MEK, to observe the
changes in migration and invasion of glioma cells by
Rap2c. Our data showed that ERK1/2 phosphorylation
induced by Rap2c¢ was blocked by U0126, whereas the
total levels remain unchanged. Furthermore, migration and
invasion abilities of glioma cells induced by Rap2c can be
suppressed by inhibitor U0126. These results suggested
that ERK signaling pathway positively mediated Rap2c-
induced cell migration and invasion. Consistent with this
result, metastasis models of Rap2c overexpression showed
that higher level of ERK phosphorylation and lower level
of E-cadherin. This indicates that Rap2c mediated MAPK/
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ERK signaling pathway and facilitated cell migration by
downregulating E-cadherin. Nevertheless, further experi-
ments are needed to establish the precise molecular
mechanism of Rap2c-induced invasion and target Rap2c
for anti-tumoral effect in vivo.

Conclusion

In summary, our results provide evidence for the emerging
connections among Rap2c, EMT markers and glioma
metastasis mediated by ERK. Rap2c is highly expressed
in glioma tissues and cell lines. High expression of Rap2c
is significantly linked to the progression of glioma and it
could act as a prognostic factor of glioma. Rap2c induces
EMT and enhances metastasis of glioma cells by phos-
phorylating ERK. Therefore, targeting Rap2¢c-ERK may be
a potential therapeutic strategy for glioma.
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