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Introduction

Ras guanyl nucleotide releasing proteins (RasGRPs) are guanine 
nucleotide exchange factors (GEFs) that activate Ras and Rap 
and share the Ras exchange motif, CDC25 domain, potential 
calcium-binding EF-hands, and diacylglycerol (DAG)-binding 
C1 domain.1,2 Because RasGRP2 cannot bind DAG, it fails 
to translocate to membranes in vivo in response to DAG ana-
logs.3 RasGRP2, also called CalDAG-GEFI, plays a role in 
controlling T-cell and platelet adhesion through Rap1 activa-
tion,4,5 and is involved in integrin-independent neutrophil che-
motaxis.6 RasGRP2 has been reported to be associated with 
Huntington disease and immune-mediated thrombocytopenia 
and thrombosis.7,8

We recently constructed aggregates from animal cap cells 
that were co-treated with activin and angiopoietin-2 and that 
expressed the vascular endothelial markers X-msr, Xtie2, and 
Xegfl7.9,10 Using microarray analysis and expression pattern 
analysis, we identified a novel vascular-expressed gene xrasgrp2 
in Xenopus embryos; this gene is a homolog of the human rasgrp2 
gene.11 XRasGRP2 overexpression resulted in induction of 
ectopic vascular formation, and its knockdown delayed vascular 
development.12 These results suggest that XRasGRP2 plays a role 
in vasculogenesis and/or angiogenesis during early development 
of Xenopus embryos.

Ras guanyl nucleotide releasing proteins (RasGRPs) are guanine nucleotide exchange factors that activate Ras and Rap. 
We recently reported that xrasgrp2, which is a homolog of the human rasgrp2, plays a role in vasculogenesis and/or 
angiogenesis during early development of Xenopus embryos. However, the function of RasGRP2 in human vascular 
endothelium remains unknown. Therefore we aimed to analyze the function of human RasGRP2 in vascular endothelial 
cells. RasGRP2 overexpression did not increase Ras activation. However, it slightly increased Ras expression and increased 
proliferation in ECV304 cells. Furthermore, RasGRP2 overexpression increased Rap1 activation and cell–matrix adhesion 
in ECV304 cells. These data demonstrate that RasGRP2 increases cell viability and cell–matrix adhesion through increased 
Ras expression and Rap1 activation, respectively, in endothelial cells.
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Rap1 is a member of the Ras family of small GTPases. Its 
GDP-GTP cycle is regulated by GEFs including C3G, RasGRPs, 
Epacs, PDZ-GEFs and DOCK4, and GTPase-activating pro-
teins (GAPs) including RapGAPs and SPA-1 family.13 In endo-
thelial cells, Rap1 activated by GEFs plays an important role 
in angiogenesis.14,15 Recently, we showed that human umbilical 
artery endothelial cells and human umbilical vein endothelial 
cells express RasGRP2.16 However, the effect of RasGRP2 on 
endothelial cells remains poorly understood.

In the present study, we investigated the effect of RasGRP2 in 
vascular endothelial-like ECV304 cells. We found that RasGRP2 
affects cell viability and cell–matrix adhesion in endothelial cells.

Results

To investigate the effect of RasGRP2 in endothelial cells, we estab-
lished RasGRP2 stably transfected ECV304 (ECV304rasgrp2) 
cells. As a result of performed RT-PCR analysis, ECV304rasgrp2 
overexpressed rasgrp2 mRNA (Fig. 1A). Similarly, as a result 
of performed western blot analysis, ECV304rasgrp2 overex-
pressed RasGRP2 protein (Fig. 1B). Additionally, there was the 
RasGRP2 expression of ECV304rasgrp2 cells more than 100 
times than that of ECV304mock cells (Fig. 1C). In microscopy, 
ECV304rasgrp2 cells did not result in a dramatic morphological 
change (Fig. 1D).
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Rap1 plays an important role in cell-cell and cell–matrix 
adhesion in endothelial cells.14,15,17-19 Similarly, it is known that 
RhoA, a member of the Rho family of small GTPase, is involved 
in cell adhesions.20,21 Although we analyzed RhoA activation by 
RasGRP2 by using a pull-down assay, the activation was not 
detected in both ECV304mock and ECV304rasgrp2 cells (data 
not shown). This result suggested that RasGRP2 activates Rap1 
mainly in cell adhesions.

With regard to cell-cell adhesion, Fukuhara et al. demon-
strated that Epac-Rap1 signaling promotes decreased cell per-
meability via VE-cadherin.17 However, our data demonstrated 
that RasGRP2 overexpression did not decrease cell permeability 
(data not shown). This discrepancy may occur because ECV304 
cells have abundant expression of N-cadherin but low expres-
sion of VE-cadherin.22,23 It regulates the polarity of migrating 
neurons in the developing mouse brain cortex through the con-
trol of N-cadherin,24 while Rap1 is required for cell-cell adhe-
sion mediated by not only VE-cadherin but also E-cadherin.25,26 
On the other hand, Vuchak et al. demonstrated that inhibition 
of Rap1 activity by Rap1GAP impairs cell–matrix adhesion 
without affecting cell-cell adhesion in colon carcinoma cells, 
and suggested that this effect is mediated by localized expres-
sion of Rap1GAP.27 Furthermore, it has been reported that sus-
tained Rap1 activity may affect cell-cell adhesion adversely.28,29 
RasGRP2 may not participate in cell-cell adhesion. These rela-
tionships are complicated and further study, including Rap1GAP 
activity, would be necessary.

With regard to cell–matrix adhesion, Carmona et al. dem-
onstrated that inhibition of Rap1 activity by overexpression of 
Rap1GAP1 or knockdown of Rap1a or Rap1b reduced adhesion 
to collagen I and fibronectin via integrin in endothelial cells.14 In 

We analyzed Ras activation by RasGRP2 by 
using a pull-down method based on Raf-1-RBD. 
This result showed that Ras was activated 1.3 times 
in ECV304rasgrp2 cells. However, the expression of 
Ras protein was slightly increased in ECV304rasgrp2 
cells, indicating that there was no difference in the 
active Ras/total Ras ratio between ECVmock cells 
and ECVrasgrp2 cells (Fig. 2A). Other RasGRP2 
overexpressing clones showed similar effects (data 
not shown). Interestingly, quantitative real-time 
RT-PCR revealed that RasGRP2 did not affect the 
mRNA expression of K-, H-, and N-Ras (Fig. 2B).

Furthermore, we analyzed the function of p42 
MAPK, which is a downstream signal for Ras. This 
result showed that the phosphorylation of p42 MAPK 
is increased in ECV304rasgrp2 cells (Fig. 2C). Ras 
is central in a network controlling cell proliferation 
and cell survival.1 To investigate the cell prolifera-
tion in both ECV304mock and ECV304rasgrp2 
cells, we performed WST-8 assay. Cell proliferation 
significantly increased in ECV304rasgrp2 cells, sug-
gesting that the Ras-MAPK signaling is activated in 
ECV304rasgrp2 cells (Fig. 2D).

We analyzed Rap1 activation by RasGRP2 using 
a pull-down method based on RalGDS-RBD. Rap1 activation 
was substantially increased in ECV304rasgrp2 cells (Fig. 3A). 
To investigate whether Rap1 is activated by RasGRP2, cells were 
pre-treated with BAPTA-AM which is an intracellular calcium 
chelator. RasGRP2 has potential calcium-binding EF-hands that 
may be involved in Rap1 activation.4,5 The increase in Rap1 acti-
vation in ECV304rasgrp2 cells was suppressed by BAPTA-AM 
pre-treatment. This suppression, albeit to a lesser extent, was also 
observed in ECVmock cells, which have low levels of endogenous 
RasGRP2 (Fig. 3B).

Rap is a major activator of integrins increasing cell–matrix 
adhesion.1,13 To investigate the role of RasGRP2 in the regula-
tion of cell adhesion, we used adhesion assays using extracellular 
matrix components, such as collagen I, collagen IV, fibronectin, 
and vitronectin. RasGRP2 overexpression significantly increased 
the adhesion of ECV304 cells to extracellular matrix components 
(Fig. 3C).

Discussion

Among the RasGRPs, RasGRP2 activates Rap selectively, and 
not Ras.1,2 Ras plays an important role in cell proliferation by 
activating ERK which is a downstream signal molecule; in con-
trast, Rap is a major activator of integrins.1,13 Carmona et al. 
demonstrated that Rap1 did not affect cell proliferation in endo-
thelial cells.14 Indeed, our results demonstrated that RasGRP2 
overexpression increased Rap1 activation and not Ras activa-
tion. However, RasGRP2 slightly increased Ras expression and 
increased proliferation in ECV304 cells (Fig. 2A). This slight 
increase may result from promotion of translation or suppression 
of proteolysis, but not from an increase in mRNA levels.

Figure 1. RasGRP2 expression in ECV304rasgrp2 cells and ECV304mock cells. (A) Ras-
grp2 mRNA assessed by RT-PCR. Gapdh expression served as a quantitative control.  
(B and C) RasGRP2 protein assessed by western blot analysis. Equal protein load-
ing was verified using an anti-β-actin antibody. (D) Cells were photographed using 
a differential-phase microscope with 100× magnification. M, ECV304mock; R, 
ECV304rasgrp2.
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Cell cultures. Stably trans-
fected ECV304 cells were grown in 
Medium 199 (Invitrogen) supple-
mented with 10% fetal bovine serum 
(FBS; Equitech-Bio) in the presence 
of 1 mg/mL G418 under standard 
cell culture conditions (humidified 
atmosphere, 5% CO

2
, 37 °C). Cells 

(8 × 104 cells/mL) were then seeded 
in various plates or culture dishes 
(BD Biosciences) and incubated for 
36  h before the start of all experi-
ments except the cell proliferation 
and adhesion assay. To investigate 
the specific effects of RasGRP2, cells 
were pre-incubated with or without 
10 μM BAPTA-AM (AAT Bioquest) 
for 30 min.

Reverse-transcription polymerase 
chain reaction (RT-PCR). Total 
RNA was isolated from transfected 
ECV304 cells using ISOGEN II 
(Nippon Gene), and cDNA was syn-
thesized using random primers and 
reverse transcriptase. Rasgrp2 and 
glyceraldehyde-3-phosphate dehydro-
genase (gapdh) cDNA fragments were 
amplified from the cDNA mix. The 
primers used were as follows: rasgrp2, 

5'-CAG GCA ACT ATG GCA ACT AC-3' and 5'-CCT GAT 
CCA GCT TGG GTT TG-3'; gapdh, 5'-GCT GCA TTC GCC 
CTC TTA ATG G-3' and 5'-CAG TCT TGG ATG AGA AAG 
GTG-3'.

Preparation of cell lysate and western blot analysis. Cell 
lysates were prepared as previously described,31 dissolved in 
LDS sample buffer (Invitrogen) containing 10% sample reduc-
ing agent (Invitrogen), boiled for 10 min at 70 °C, separated by 
SDS-PAGE, and then electro-transferred onto polyvinylidene 
difluoride (PVDF) membranes (Millipore). Membranes were 
blocked for 30 min by using the PVDF blocking reagent for 
Can Get Signal® (Toyobo). After washing with PBS containing 
0.05% Tween 20 (PBS-T), the membranes were incubated with 
rabbit anti-RasGRP2 antibody (GeneTex), mouse anti-β-actin 
antibody, rabbit anti-Rap1 antibody (Santa Cruz), mouse anti-
pan-Ras antibody (Cell Biolabs), rabbit anti-phospho-p44/42 
MAPK antibody, or rabbit anti-p44/42 MAPK antibody (Cell 
Signaling) in Can Get Signal® Solution 1 (Toyobo) for 1 h. 
Subsequently, the membranes were washed thrice with PBS-T 
and incubated with anti-rabbit IgG antibody (GeneTex) or anti-
mouse IgG antibody (DakoCytomation) in Can Get Signal® 
Solution 2 (Toyobo) for 1 h. After five additional washes with 
PBS-T, immunoreactive proteins were detected using ECL Prime 
Western Blotting Detection Reagents and Amersham hyper-
film™ ECL (GE Healthcare).

Ras and Rap1 activity assay. Ras activation was examined 
using the pan-Ras activation assay kit (Cell Biolabs). This assay 

the present study, RasGRP2 overexpression increased cell–matrix 
adhesion in ECV304 cells (Fig. 3C). Activation of integrin is 
indispensable for cell–matrix adhesion, and cell–matrix adhesion 
induces outside-in signaling, which affects the phosphorylation 
of Akt and FAK in endothelial cells.14 These are the molecules 
which are important in the maintenance of endothelial cells,30 
and RasGRP2 may increase apoptotic resistance through them.

In this study, we performed overexpression analysis of 
RasGRP2. To establish the functional role of Rasgrp2, we intend 
to test the knockdown or loss-of-function experiments as confir-
matory evidence.

In conclusion, these data demonstrate that RasGRP2 increases 
cell viability and cell–matrix adhesion through increased Ras 
expression and Rap1 activation, respectively, in endothelial cells 
(Fig. 4). The findings of this study may be helpful in the study of 
angiogenesis in endothelial cells.

Materials and Methods

Vector construction and transfection. The DNA fragment of 
rasgrp2 was amplified from human placenta cDNA (Clontech) 
by using the Expand Long Template kit (Roche), digested with 
HindIII and EcoRI, and cloned into the HindIII/EcoRI sites of 
the pcDNA3.1 vector (Clontech). ECV304 cells were transfected 
with the rasgrp2 vector and its mock vector using Fugene HD 
(Roche). After 24 h, cells were selected using G418 (Roche), and 
stably transfected cells were established.

Figure 2. Effect of RasGRP2 overexpression on Ras expression and cell proliferation. (A) Ras activation 
assessed by Ras activity assay. Upper panel, active form of Ras; middle panel, total Ras. (B) K-, H-, and 
N-ras mRNA assessed using real-time RT-PCR. (C) Phosphorylation of p44/42 MAPK protein assessed 
by western blot analysis. (D) Cell proliferation was determined by WST-8 assay. Data are shown as the 
mean ± SD (n = 6) *P < 0.05, **P < 0.01 vs. ECV304mock.
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kit is a pull-down method based on 
the specific binding of agarose beads 
containing the Ras-binding domain 
of Raf-1 (Raf1-RBD) to the active, 
GTP-bound form of Ras. Briefly, cell 
lysates (50 μg) and Raf1-RBD (6 μg) 
agarose beads were incubated for 1 h 
at 4  °C with gentle rotation. The 
beads were then washed thrice with 
excess lysis buffer, and bound proteins 
were eluted in LDS sample buffer. 
Rap1 activation was examined using 
RalGDS-RBDGST (Jena Bioscience) 
and Cosmogel® GST-Accept (Nacalai 
Tesque). Briefly, cell lysates (150 μg) 
and RalGDS-RBDGST (2 μg) were 
incubated for 1 h at 4 °C with gen-
tle rotation. After adding 20 μg of 
Cosmogel® GST-Accept, the samples 
were incubated for 30 min at 4 °C 
with gentle rotation. The beads were 
then washed thrice with excess lysis 
buffer, and then the bound proteins 
were eluted in LDS sample buffer.

Cell proliferation. After cells  
(2 × 104 cells/mL) were incubated 
for 24 to 72 h, 10 μL/well of WST-8 
solution (Dojindo Laboratories) was 
added, and the cells were incubated for 2 h. Absorbance was then 
measured at 450 nm and 650 nm by using a microplate reader 
(Spectra Max 190; Molecular Devices). The net difference (A

450
 

– A
650

) was used as a measure of cell proliferation.
Real-time RT-PCR. Real-time RT-PCR was performed using 

a Smart Cycler® II System (Takara), as previously described.31 
The primers used were as follows: K-ras, 5'-GAC TGA ATA TAA 
ACT TGT GGT AGT TGG AG-3' and 5'-TCC TCT TGA CCT 
GCT GTG TCG-3'; H-ras, 5'-TTT GAG GAC ATC CAC CAG 
TAC A-3' and 5'-GCC GAG ATT CCA CAG TGC-3'; N-ras, 5'- 
CAG AGG CAG TGG AGC TTG A-3' and 5'-GCT TTT CCC 
AAC ACC ACC T-3'; and β-actin, 5'-TCC ACC TCC AGC 
AGA TGT GG-3' and 5'-GCA TTT GCG GTG GAC GAT-3'.

Adhesion assay. A 96-well plate was coated with 2.5 μg/
mL human vitronectin (PeproTech) in Medium 199 for 1 h at 
37 °C, and plates coated with collagen I, collagen IV, or fibro-
nectin were purchased from BD Biosciences. Cells were seeded 
at 12 000 cells/well in the coated plates for 15 min at 37 °C. The 
non-adherent cells were removed by washing twice with PBS (+), 
thereafter, the adherent cells were fixed in 4% paraformaldehyde. 
The cells were then stained with 0.5% crystal violet for 30 min, 
the dye was eluted with 1% SDS, and the absorption at 550 nm 
was measured using a microplate reader. Equal amount of cells 
was seeded in non-coated plates for 3 h at 37 °C and defined as 
100% adhesion.

Statistical analysis. All experiments were performed in dupli-
cate and repeated at least two or three times; each experiment 

yielded essentially identical results. Data are expressed as the 
mean ± standard deviation (SD). The significance of differences 
between group means was determined using a one-way analysis 
of variance, t test, or the Welch test. P < 0.05 was defined as 
significant.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

Figure 4. Proposed model for RasGRP2-mediated response.

Figure 3. Effect of RasGRP2 overexpression on Rap1 activation and cell adhesion. (A) Rap1 activation 
assessed by Rap activity assay. Upper panel, active form of Rap1; middle panel, total Rap1. (B) Rap1 
activation assessed by Rap activity assay with or without 10 μM BAPTA-AM (BA, intracellular calcium 
chelator) for 30 min. (C) Cell adhesion assessed by adhesion assay. Data are shown as the mean ± SD (n 
= 3) *P < 0.05, **P < 0.01 vs. ECV304mock.
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