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We previously showed that transforming growth factor-f (TGF-B) stimulates vascular endothelial growth
factor (VEGF) synthesis via p44/p42 mitogen-activated protein (MAP) kinase, p38 MAP kinase and stress-
activated protein kinase/c-Jun N-terminal kinase (SAPK/JNK) in osteoblast-like MC3T3-E1 cells. In the present
study, we investigated the involvement of Rac, which is a member of the Rho family of small GTPases,
in the TGF-B-stimulated VEGF synthesis in MC3T3-E1 cells. TGF-B markedly increased the levels of GTP-
bound Rac. NSC23766, a selective inhibitor of Rac-guanine nucleotide exchange factor interaction,
significantly increased both the release of VEGF and the mRNA expression levels induced by TGF-f. In
addition, the release of VEGF stimulated by TGF-$ was amplified in Rac-knock down cells. Meanwhile,
SIS3, a specific inhibitor of TGF-B-dependent Smad3 phosphorylation, significantly reduced the TGF--
stimulated VEGF release. However, the phosphorylation of Smad2 or Smad3 induced by TGF-B was hardly
affected by NSC23766. On the other hand, NSC23766 enhanced the TGF-B-induced phosphorylation of
p38 MAP kinase without affecting the phosphorylation of p44/p42 MAP kinase or SAPK/JNK. Further-
more, the phosphorylation of p38 MAP kinase induced by TGF-§ was markedly upregulated in the Rac-
knock down cells. These results strongly suggest that Rac negatively regulates the TGF-B-stimulated VEGF

Keywords:

Rac

Transforming growth factor-f
Vascular endothelial growth factor
Osteoblast

synthesis via the inhibition of p38 MAP kinase in osteoblasts.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Bone metabolism is strictly regulated by two types of function-
al cells, osteoblasts and osteoclasts, which are responsible for bone
formation and bone resorption, respectively (Karsenty and Wagner,
2002). It is recognized that osteoblasts and osteoclasts affect in each
other via direct cell-to-cell interactions and autocrine/paracrine
mechanisms (Karsenty and Wagner, 2002). Osteoblasts, bone forming
cells, are also known to play a pivotal role in the regulation of bone
resorption via the expression of receptor activator of nuclear factor-
«B (RANK) ligand in response to bone resorption stimuli (Boyce and
Xing, 2008). Bone remodeling is a strictly coordinated process of
osteoclastic bone resorption and osteoblastic bone formation. In ad-
dition, the microvasculature, provided by capillary endothelial cells,
is essential for bone metabolism (Brandi and Collin-Osdoby, 2006).
Blood vessels invade bone tissues and supply precursors of
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osteoblasts and osteoclasts, nutrients, growth factors and differen-
tiation factors during bone remodeling (Brandi and Collin-Osdoby,
2006). Therefore, it is currently recognized that the activities of os-

" teoblasts, osteoclasts and capillary endothelial cells are tightly

controlled, allowing these cells to properly regulate bone metab-
olism. Vascular endothelial growth factor (VEGF), which is
synthesized and secreted by various cell types, is a potent mitogen
for vascular endothelial cells and acts as an angiogenic factor to
induce the proliferation of endothelial cells (Clarkin and Gerstenfeld,
2013; Ferrara, 2004). It has also been shown that VEGF is synthe-
sized by osteoblasts in response to various physiological agents,
including transforming growth factor-f3 (TGF-f3) (Saadeh et al., 1999).
The VEGF secreted from osteoblasts is considered to promote bone
formation by supplying the angiogenic response to the osteoblast
activity (Zelzer and Olsen, 2005).

TGF-$, which belongs to the TGF-B superfamily, which has over
40 members, including bone morphogenetic proteins (BMPs) and
activin (Guo and Wang, 2009), is well known as a stimulator of os-
teoblastic bone formation in an autocrine or paracrine fashion. During
bone remodeling, the TGF-B embedded in the bone matrix is re-
leased via osteoclastic bone resorption and subsequently promotes
the proliferation of osteoprogenitors and their osteoblastic differ-
entiation, thus resulting in maintenance of the bone mass (Zuo et al.,



