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A wide range of angiogenic factors
not only contribute to the prolifera-
tion and invasiveness of endothelial
cells (ECs), but also protect ECs from
apoptosis. c-Raf (also known as
Raf1), which is already known to be
important for EC survival, is now
implicated as a pivotal regulator of
apoptosis. In Science, David Cheresh’s
group reports that differential regula-
tion of Raf by basic fibroblast growth
factor (bFGF) and vascular endothe-
lial growth factor (VEGF) protects
ECs from intrinsic- and extrinsic-
mediated apoptosis, respectively.

The group began by exposing
ECs to either bFGF or VEGF while
inducing apoptosis through stress
(the intrinsic pathway) or receptor-
mediated mechanisms (extrinsi-
cally). bFGF provided more effective
protection against the former,
whereas VEGF prevented the latter.
These results were confirmed in vivo
for both growth factors. Both bFGF
and VEGF activate c-Raf, so to find
out more about the role of Raf in
this process, Cheresh’s group used
phosphospecific antibodies against
two different sites in Raf: the Raf
activation domain is phosphorylated
(and activated) by p21-activated
kinase (PAK) on serines 338 and
339, or by Src on tyrosines 340 and
341. bFGF induced phosphorylation
at the PAK site, whereas VEGF more
effectively phosphorylated the Src
site. Conversely, selectively blocking
PAK or Src activity inhibited bFGF-
or VEGF-induced c-Raf activity,
respectively.

Growth-factor-mediated activa-
tion of c-Raf activates extracellular
signal-regulated kinase/mitogen-acti-
vated protein kinase (ERK/MAPK)
through the MAPK and ERK kinase
MEK. So what role do MEK and
ERK/MAPK have in bFGF- or VEGF-
mediated apoptotic protection? The
authors added the selective MEK
inhibitor PD98059 to ECs that had
been treated with either bFGF or
VEGF and induced to undergo stress-
or receptor-mediated apoptosis,
respectively. PD98059 affected only
the VEGF-mediated protection of
ECs, so bFGF-induced Raf-mediated
protection from apoptosis seems to
occur independently of MEK and
ERK/MAPK.

Targeting c-Raf to the mitochon-
drial membrane is known to protect
cells from stress-induced apoptosis,
independently of MEK and
ERK/MAPK. This led the authors to
see if bFGF promoted Raf transloca-
tion to the mitochondria. After
treatment with bFGF or VEGF, EC-
lysates were fractionated, and the
enriched cytoplasmic or mitochon-
drial fractions immunoblotted for
c-Raf. bFGF, but not VEGF, pro-
moted c-Raf mitochondrial translo-
cation. Mutating the serines in the
PAK phosphorylation site of c-Raf
blocked this translocation and the
bFGF-mediated survival of ECs in
response to stress. Similarly, mutat-
ing the tyrosines in the Src phos-
phorylation site of c-Raf prevented
the VEGF-mediated protection
from extrinsic apoptosis.

So, as indicated here, if different
pro-survival factors can cooperate
to alter the threshold of EC suscepti-
bility to apoptotic factors, this might
be something to bear in mind when
designing drugs against tumour-

associated vasculature — combina-
tion therapies targeting these pro-
apoptotic pathways might be more
effective.
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