
Thus, as is usual in good science, the study
by Holtan and coworkers raises more questions
than answers: what are the sources of AREG
(epithelial, endothelia, Treg, …)? Is that
a general phenomenon in acuteGVHD that the
host uses for tissue repair? And, last but not
least, are endothelial cells truly targeted by
direct or indirect allogeneic recognition or
simply damaged by inflammatory mediators?
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Comment on Rossi et al, page 2359

“Fishing” out the real VEGFs
-----------------------------------------------------------------------------------------------------

Tatiana V. Byzova CLEVELAND CLINIC

In this issue of Blood, using an elegant zebrafish-based model, Rossi et al
demonstrated that vascular endothelial growth factor B (VEGFB), VEGFD, and
placenta growth factor (PlGF) are able to sustain vascularization in the absence of
VEGFA and generated dominant-negative VEGF mutants, thereby identifying
new antiangiogenic strategies. There are multiple important points in this article
which not only change our current understanding of the mechanisms of vascular
growth in a complexity of vivo settings, but also advance the search for promising
therapeutic approaches seeking to interfere with pathological vascularization.1

D iscovery of VEGFA as a key permeability
and angiogenic factor produced by

tumors and driving excessive pathological
vasculature created a new front in the battle
against cancer and other diseases associated
with hypervascularization.2,3 The prominent
role of VEGFA in developmental vascular
growth is underscored by severe defects
leading to embryonic lethality caused by the
loss of a single allele of VEGFA.4 Successful
targeting of VEGFA with neutralizing
antibodies is generally viewed as revolutionary
and a turning point in antiangiogenic therapy.3

There are, however, situations when cancer

develops resistance to VEGF inhibition,
often by utilizing alternative proangiogenic
pathways.5 VEGFA and other VEGF
family members act through main receptors
on the endothelial cells of blood vessels:
VEGF receptor 1 (VEGFR1), VEGFR2, and
Neuropilin 1 (NRP1) (see figure). Despite
decades of research, the functional redundancy
and exact in vivo roles of individual VEGF
family members and their receptors is either
unclear or controversial.6,7

Accordingly, Rossi et al aimed to assess
whether and how various members of the
VEGF family are able to support vascular

development when VEGFA activity is
disrupted. To this end, using a contemporary
state-of-the-art genetic approach, Rossi et al
created an efficient model by mutating vegfaa
and vegfab in zebrafish where vasculature is
visualized by enhanced green fluorescent
protein (EGFP) expression. Thorough
characterization of these mutants revealed
that inactivation of vegfaa resulted in a number
of severe vascular defects eventually causing
lethality. This recapitulated the consequences
of VEGFA loss in mammals,4 whereas the
phenotype of the vegfab mutant was
substantially milder. Injection of messenger
RNA (mRNA) encoding Vegfaa-121 and -165
rescued the gross defects in arteriogenesis but
not the formation of intersegmental vessels.
This allowed the authors to conclude that
Vegfaa might be dispensable in adult zebrafish,
and then use the resulting mutants as
a powerful tool for assessing the angiogenic
redundancy of VEGF family members in
physiologically appropriate settings. Thus,
Rossi et al created and validated a new in vivo
system for even wider screening of potentially
proangiogenic molecules that are able to bypass
the requirement for VEGFA. It is remarkable
that in this system, vegfd, but not vegfc, was able
to rescue vascular defects via VEGFR2.

Another important finding is that growth
factors Pgfb (analog of mammalian PlGF) and
Vegfbb (analog of mammalian VEGFB), which
are dispensable for vascular development,8

were able to compensate for missing Vegfaa.
Therefore, targeting the PlGF/VEGFR1
pathway during VEGFA blockade seems to be
well supported by in vivo genetic evidence,
thereby addressing yet another controversial
topic.8,9 Furthermore, using a series of Vegfaa
mutants generated based on the crystal
structure of VEGF-VEGFR2 and VEGF-
NRP1 complexes, Rossi et al established the
key role forVegfaa-VEGFR2 interaction rather
than the Vegfaa-Nrp1 axis in vasculogenesis.
These experiments used a combination of
genetic approaches in vivo with a structure-
function analysis of growth factor interactions
with their respective receptors, and thereby
provided a mechanism to answer important
questions in the field of vascular biology,
including but not limited to the relative
contributions of VEGFR2 vs Nrp1 and the
role of Vegfaa-165 vs Vegfaa-121 in vascular
development. Notably, similar experiments in
mammals are either extremely time-consuming
or practically impossible. Because these
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conclusions are derived from a well-justified in
vivo model with distinctive lack of bias, their
interpretation allows the settling of a number
of previous controversies. Therefore, the
importance of the results described by
Rossi et al is impossible to overestimate.

Separate attention needs to be given to the
described role of VEGFR1 in the rescue of
vegfaa mutants. Not only wild-type (WT) but
also a mutant form of Pgfb that is unable to
interact with VEGFR2 or Nrp1 rescued
vascularization defects, emphasizing the key
role for VEGFR1 in Pgfb signaling. After
pinning down the role of individual VEGFRs
in vascularization, it is tempting to speculate
that the targeting of kinase activity in these
receptors to block angiogenesis might present
a certain advantage. However, besides rather
diffuse specificity of many tyrosine kinase
inhibitors, there is another potential problem

with this approach. In mammals, endothelial
VEGF operates via a VEGFR2-dependent
autocrine loop, supporting survival and
homeostasis of the endothelium itself.10

Considering this mechanism, extracellular
VEGF neutralization or trapping seems
to be safe, whereas the complete blockade
of VEGFR2 tyrosine kinase activity
by intracellular inhibitors is expected to
cause endothelial damage and thrombotic
complications. Again, Rossi et al scored big
by constructing a dominant-negative “trap”
for Vegfaa, which abolished vascularization in
WT embryos and, most remarkably, interfered
with the activity of other VEGF family
members.

One might argue that zebrafish studies
cannot be perfectly translated to mammalian
biology and even less so to human biology.
However, only comprehensive functional

in vivo screening like the one described by
Rossi et al will yield “true” hits and such
comprehensive screening is almost impossible
to conduct in mammal models. Obviously,
validation of the chosen candidates in
mammalian models will certainly solidify their
therapeutic value. In any scenario, these
zebrafish tools and newly identified VEGF
forms have enormous potential for both
vascular biology research and the design of
new proangiogenic as well as antiangiogenic
strategies in humans.
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Results from zebrafish model demonstrate that VEGFB, PlGF, and VEGFD can compensate for the lack of VEGFA and

solidify roles of individual VEGFRs in vivo, thereby opening new directions in treatment of human pathologies associated with

vascularization. The inset has been adapted from Figure 1F in the article by Rossi et al that begins on page 2359, and shows

confocal micrographs of 48-hpf TgBAC(etv2:EGFP) WT siblings and vegfaabns1 mutant zebrafish embryos in lateral view.

Asterisks denote lack of ISVs, DA, and reduced CtA sprouting. CtA, central artery; DA, dorsal aorta; hpf, hours postfertilization;

ISV, intersegmental vessel; PCV, posterior cardinal vein. Professional illustration by Patrick Lane, ScEYEnce Studios.
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