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Vasohibin: the feedback on a new inhibitor  
of angiogenesis
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Angiogenesis is regulated in large part by the balance of various proangio-
genic stimulators, such as VEGF, and a diverse group of endogenous inhibi-
tors of angiogenesis, most of which are extrinsic to endothelial cells. With 
respect to the latter, until recently, none have appeared to be induced as a 
consequence of a specific, self-regulating, feedback inhibition response. A 
new inhibitor, called vasohibin, has been uncovered. Vasohibin is selectively 
induced in endothelial cells by proangiogenic stimulatory growth factors 
such as VEGF; it appears to operate as an intrinsic and highly specific feed-
back inhibitor of activated endothelial cells engaged in the process of angio-
genesis (see the related article beginning on page 898).

The yin and yang of angiogenesis
The early years of angiogenesis research 
were dominated by intensive searches for 
the precise growth factors that stimulate 
this process of new blood vessel formation 
from preexisting mature and quiescent 
vasculature (1). The discovery of bFGF and 
especially VEGF in the mid- to late 1980s 
(2) were seminal events that significantly 
advanced the field (1, 2). But very soon after-
ward it became apparent that the angio-
genic universe not only revolves around the 
action of such stimulators but also depends 
on a large number of diverse, endogenous 
protein inhibitors (1, 3–7). Some of these 
appear to be highly specific for endothelial 
cells, but are not, for the most part, synthe-
sized by these cells, i.e., they are extrinsic 
inhibitors. Strong hints of the possible fun-
damental importance of such inhibitors for 
regulating angiogenesis were published in 
the mid- to late 1970s by Langer, Folkman, 
and colleagues who extracted a functional 
inhibitor from cartilage (8, 9), a tissue that 
is poorly vascularized. Since then, literally 
dozens of endogenous inhibitors have been 
described; some of these are listed in Table 
1. The induction of angiogenesis in tumors 
(frequently referred to as the “angiogenic 
switch”) is thought to be the consequence of 
a change in the local balance of stimulators 
and inhibitors; when the ratio is skewed in 

favor of the inhibitors, the switch is off, or at 
least in “low mode” if one thinks of a rheo-
stat as an analogy, rather than an on-and-off 
switch. In contrast, the switch is turned on 
(or the reostat turned up) when the balance 
shifts toward the stimulators (6, 10). Many 
of these principles were discovered by can-
cer researchers, since sustained, pathologic 
angiogenesis is necessary for progressive 
expansion of tumor mass, as first hypoth-
esized and shown by Folkman and col-
leagues (11, 12). A combination of genetic 
mutations, such as oncogene activation and 
inactivation of tumor suppressor genes, can 
induce and upregulate stimulators such 
as VEGF while concurrently downregulat-
ing inhibitors such as thrombospondin-1 
(TSP-1) (1, 10). The same dual effects can be 
induced by microenvironmental-mediated 
factors, such as hypoxia (1, 2).

So far, none of the identified inhibitors of 
angiogenesis appears to operate on the basis 
of specific feedback inhibition mechanisms. 
Feedback inhibition is a classic, self-regulat-
ing type of control mechanism known to 
affect, for example, the production of vari-
ous peptide hormones or the biosynthesis of 
amino acids. Thus, feedback inhibition of a 
single biosynthetic pathway can result when 
the designated end product suppresses the 
first enzyme in the pathway that is unique to 
the synthesis of the end product and therefore 
controls its own cellular level. Since physio-
logic angiogenesis is normally a finely tuned, 
tightly regulated process and endothelial cells 
are known to have extremely slow turnover 
times — except when called upon to form new 
blood vessels, after which they abruptly shut 
down — this suggests the existence of some 

kind of endothelial cell–specific feedback 
inhibitor control mechanism.

In this issue of the JCI, Watanabe et al. (13) 
report the details of a new regulator of angio-
genesis, called vasohibin, which has some 
operational features of such an endothelial 
cell–specific feedback inhibitor. Unlike 
some other angiogenesis inhibitors, such as 
TSP-1, which may be secondarily induced by 
other known antiangiogenic drugs or vari-
ous treatments such as frequently adminis-
tered low-dose (metronomic) chemotherapy 
(14–17), or doxycycline (18), vasohibin is 
induced over time in vascular endothelial 
cells by angiogenesis stimulators, especially 
VEGF. The purified protein, which is not 
glycosylated, appears capable of inhibiting 
angiogenesis in vivo when tested using a 
variety of different assays. Similarly, it inhib-
its several endothelial cell functions in vitro 
that are relevant to neovascularization. Anti-
sense oligonucleotides specific for vasohibin 
shift a VEGF-induced, bell-shaped, dose 
response in a manner suggestive of blocking 
a feedback inhibitory response. For example, 
the effect of relatively high levels of VEGF, 
which can actually suppress endothelial cell 
migration in vitro (in contrast to lower levels 
which are growth stimulatory), was reversed 
by such antisense treatment. When the gene 
encoding vasohibin (KIAA1036) was trans-
fected into tumor cells, their growth was 
blocked in vivo but not in vitro, consistent 
with a hypothetical role in regulating angio-
genesis. Experiments with a very limited 
number of different cell types suggest vaso-
hibin is produced by and acts exclusively on 
endothelial cells. Time will tell whether this 
specificity will hold.

Feedback inhibition of angiogenesis: 
a precedent?
The results reported by Watanabe et al. (13) 
are exciting, but the notion of angiogen-
esis stimulators setting in motion a chain 
of events within endothelial cells that lead 
to the cells’ eventual growth inhibition or 
even death is perhaps not entirely without 
precedent. Volpert et al. reported that the 
apoptosis-signaling Fas/CD95 receptor 
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is induced by stimulators of angiogenesis 
and, because of this, can potentially specifi-
cally sensitize the stimulated endothelial 
cells to FasL-mediated apoptosis, which can 
occur through the action of angiogenesis 
inhibitors such as TSP-1 or pigment epi-
thelium–derived factor (PEDF) since both 
can induce FasL in endothelial cells (19). So 
the Volpert study appears to be a precedent 
showing that cooperation of proangiogenic 
and angiogenesis inhibition factors causes 
eventual inhibition of angiogenesis. But 
in the case of Volpert et al., the inhibitors 
appear to be extrinsic to endothelial cells.

Looking ahead: questions  
and more questions
Vasohibin’s discovery and unique proper-
ties raise many questions that are not only 

pertinent to the regulation of angiogenesis 
but also to therapeutic angiogenesis and 
antiangiogenic therapy. How does vaso-
hibin actually work to block angiogenesis 
(see Figure 1)? Specifically, does it interfere 
with the function or expression of VEGFR-2  

itself (the main signaling receptor for 
VEGF-mediated angiogenesis) or down-
stream signaling events in endothelial cells 
induced by VEGF after it binds to VEGFR-2?  
Might it even directly bind to VEGF in the 
circulation? Should any of these possibili-
ties be implicated by future studies, the evi-
dence for a true, specific, feedback inhibi-
tion of angiogenesis, in this case induced by 
VEGF, would be strengthened. Is it possible 
that the therapeutic use of growth factors 
such as bFGF and VEGF to promote angio-
genesis for the treatment of ischemic condi-
tions would be compromised by induction 
of vasohibin? On the other side of the coin, 
is it the case that agents such as anti-VEGF 
antibodies mediate at least some of their 
antiangiogenic effects by causing a down-
regulation of vasohibin in endothelial cells? 
Testing such drugs in vasohibin knockout 
mice, if and when available, should provide 
an answer. With respect to regulation of 
sustained tumor angiogenesis, vasohibin 
expression should be downregulated, pre-

Table 1
Some endogenous inhibitors of angiogenesis

Inhibitor Features
TSP-1 and -2 Extracellular matrix molecules that bind to CD36 receptors 
  on endothelial cells
IFN-α and -β Downregulate expression of bFGF and VEGF
Angiostatin Internal fragment of plasminogen
Endostatin Internal fragment of type XVIII collagen
Tumstatin Internal fragment of type IV collagen, noncollagenous α3 chain
Canstatin Internal fragment of calreticulin
16 kDa fragment of prolactin 
2-Methoxyestradial  Metabolite of estrogen, that does not bind to estrogen receptors
PEDF Loss may contribute to pathologic, ischemia-driven retinopathies
VEGI Member of the TNF family expressed in endothelial cells

VEGI, vascular endothelial growth inhibitor.

Figure 1
Control of angiogenesis by the action of extrin-
sic angiogenesis inhibitors (antiangiogenic 
factors), an intrinsic endothelial cell inhibitor 
(vasohibin), and extrinsic stimulators of angio-
genesis such as VEGF and bFGF. Many of 
the extrinsic type inhibitors, some of which are 
listed in Table 1, may act to keep established 
mature blood vessels in a quiescent state (left 
side of the diagram); they may also contribute 
to pathologic, sprouting angiogenesis as a 
result of their downregulation and/or suppres-
sion, thus allowing stimulators such as VEGF 
or bFGF to act more efficiently. The intrinsic 
inhibitor, vasohibin, is induced in endothelial 
cells at later stages of sprouting vessel forma-
tion and acts in some fashion as a feedback 
mechanism to limit excessive angiogenesis 
(right side of the diagram), e.g., by directly 
interacting with endothelial cells in sprouting 
vessels or perhaps by direct interaction with 
and neutralization of the stimulator(s) which 
induced vasohibin in endothelial cells (13).
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sumably, despite high local concentrations 
of stimulators in the tumor microenviron-
ment, such as VEGF. How might this hap-
pen? Watanabe et al. (13) provide a poten-
tial answer on the basis of an experiment 
in which hypoxia — which is commonly 
associated with solid tumors — was found 
to suppress the VEGF-mediated induction 
of vasohibin in cultured endothelial cells. 
What about the effects on vasohibin by 
other endothelial cell–reactive inhibitors 
such as TSP-1? Might they actually sup-
press its expression, possibly leading to a 
form of induced or acquired resistance to 
various endogenous angiogenesis inhibi-
tors (20–22)? Finally, if vasohibin acts on 
mature vascular endothelial cells, what are 
its effects on putative circulating peripher-
al blood endothelial progenitor cells (23)? 
In this regard, Watanabe et al. report that 
despite the lack of a classic secretion signal 
sequence, a cleaved form of vasohibin is 
apparently released from endothelial cells. 
This means it may freely circulate and, pro-
vided that sufficient concentrations can be 
attained in the blood, it could potentially 
affect either circulating endothelial cells or 
their progenitor subset cells, assuming such 
cells actually express a vasohibin receptor or 
binding element.

Clearly, these questions are only the tip 
of the vasohibin iceberg. As answers begin 
to unfold we shall learn whether or not an 
exciting new field in endothelial cell biology 
and angiogenesis has just been launched.
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IRS2 takes center stage in the development  
of type 2 diabetes
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The etiology of type 2 diabetes is characterized by obesity, insulin and leptin 
resistance, and compensatory β cell hyperplasia followed by islet degenera-
tion, resulting in the eventual dysregulation of glucose and lipid homeostasis. 
The recent identification of insulin receptor substrate 2 (IRS2) as a central 
player in the pathophysiology of many of these processes suggests a poten-
tially unifying molecular link underlying the initiation and progression of 
type 2 diabetes (see the related articles beginning on pages 908 and 917).

Nonstandard abbreviations used: IRS, insulin recep-
tor substrate.
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Diabetes mellitus is characterized by an 
inability of the body to efficiently utilize cir-
culating nutrients. Normally, in response to 
elevation of plasma glucose, insulin is secret-
ed by β cells in the islets of Langerhans and 
promotes energy uptake, metabolism, and 

storage. Type 2 diabetes is preceded by the 
development of insulin resistance in target 
tissues (1), but the molecular causes of its 
initiation and progression remain unclear. 
Obesity is the predominant risk factor for 
the onset of insulin resistance, although 
other genetic and environmental factors 
also contribute (2). Islets initially compen-
sate for the loss of insulin sensitivity by 
expanding β cell mass and insulin secretory 
capacity, but over time, they cannot contin-
ue to meet the chronic stress of increased 
insulin demand. The loss of β cells and 
reduction in circulating insulin levels occur 




