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Vascular Endothelial Growth Factor

Originally described as endothelial cell-specific mitogen (Abraham and

Schilling, 1989);

Now as VEGF and also known as vascular permeablhty factor (VPF)

S

VEGF is a subfamily of growth factors, to be specific,

the platelet-derived growth factor family of cystine-knot growth factors.
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Native VEGF is a basic, heparin-binding, homodimeric glycoprotein of

45 kDa (Ferrara, 1992).
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Classification of VEGF

Mammals - Five classes
VEGF-A
VEGF-B
VEGF-C
VEGF-D
PGEF

Viruses - VEGF-E

Snake venom - VEGF-F
Crystal structure of Vammin, a VEGE-F

from a snake venom



VE(}F -A (Senger et al., 1983)

Oloffson et al., 2000
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VEGF was "up” in diabetic rats and blockade of its
actions attenuated albuminuria:
VEGF was "bad" in diabetic nephropathy.

Since that time, our understanding of the complex
paracrine signaling cascades that are mediated by the
VEGF family has expanded.

It has be come apparent that it is not simply the amount of "
VEGF" that is important, but also

the type of VEGF,
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the sites of VEGF action and the

context in which VEGF-mediated signaling occurs.
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Table 1. Comparison of the three tvpes of endothelial cell

fenestrations
Endothelium in Which Fenestratons are Expressed
Systemic
cagillarnes, “IMscontinuous
.z pectrointestinal endotheliwm,
and renal ez hopatic
peniubular sinusoidal Glomerular
American
Endothelial type Fenestrated Dniscontinuous Fenestrated Physiologi@l!
Diaphragon es Mo Mo Society
Diameter. nm 070 1 D175 Sg0
P%-1 expression Yes Mo (only in Mo {only in
development) development)

Cytoskeletal ring T Yes 7
Cholesterol rimg 7 Yes T
Basal lamina Y es Mo Yes
Glycocalyx es T Yes

P%-1. plasmalemmal vesicle-associated protein-1; 7, unknown.

VEGF-A
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- What Factors Stimulate the Development of Fenestrations?
W

The observation that high levels of VEGF expression are
found in epithelial cells closely associated with fenestrated
endothelia led to the hypothesis that VEGF induces endothelial Nucleus
fenestrations (25, 44). This hypothesis has been investigated Sz
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How are Fenestrations Maintained and Regulated?

The above evidence points to a primary role for VEGF in
maintenance of fenestrations as well as in their biogenesis.
However, the gquestion of whether GEnC fenestrations are
dynamic structures is at present totally unexplored. The regres-

What is the Clinical Significance of GEnC

Fenestration Dysfunction?

The reduction in GFR associated with loss of fenestral area
predicted by blﬂph}’ilca' models does indeed occur in pre-
eclampsm where there is good evidence that this is the mech-
anism of acute renal failure (63). In this condition, increased

circulating levels of soluble VEGFRI1 bind to podocyte-pro- l}ll\“emlm "
duced VEGF and reduce availability for endothelal signaling %oc‘uselt(i p

(104). This results in endothelial thickening and a reduction in
both size and density of fenestrations, “endotheliosis.” GFR
recovers as the condition resolves and fenestrations reappear.

In a number of other instances, the glcrrnerular endothelium
is similarly damaged. These include both animal models [ex-
perimental diabetes (35, 46), uranyl nitrate-induced acute renal
failure (6), cyclosporine nephropathy (62), serum sickness
nephritis (33), and Thy-1 nephritis (55)] and human disease
[diabetic nephropathy (107) and transplant glomerulopathy
(112, 119)]. Although the impact of fenestral changes in these
conditions has not been analyzed as carefully as in preeclamp-
sia, it is inevitable that they contribute to the observed reduc-
tion in GFR in similar way. Neither the endothelium nor its
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Vascular Endothelial Growth Factor A

VEGF includes a family of growth factors that act on endothelia
cells regulated by hypoxia and promote angiogenesis, increase
permeability in vasculature, and is also known as a major reg-
lator of endothelial proliferation, migration, and survival ™.

In early stage diabetic nephropathy, many reports have shown
that the expression of VEGF-A is increased in glomeruli of dia-
betic animals™*"™ and proposed that inhibition of VEGE-A
might have beneficial effects against diabetic renal injuries.
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What is the physiological role of VEGF-A in the kidney, espe-
clally glomeruli? It is reported that treatment with anti-VEGF
antibodies to patients with cancers™ or within patients with
preeclampasia®’ causes proteinuria and endothelial damage,
suggesting that VEGF-A plays an important role in maintaining
endothelial cell function and the glomerular fitration barrier.
Supporting this, detailed reports by Quaggin ef al clearly show
that VEGF-A is necessary for forming and maintaining the glo-
merular filtration barrier'™*'®, In their reports, using a condi-
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' Is VEGF-A a bad or good player for the progression of diabetic
Virtual Issues nephropathy? Hohenstein et al. determined VEGF expression
and its bioactvity in glomeruli of type 2 diabetic patients using
specific antibodies for VEGF-A and VEGF-VEGFR complex'™.

::‘“9“". '%’,’ﬁ’r}’m Although VEGF expression of glomeruli is upregulated during all
&Z‘,ﬁmin Metabolic stages (mild, moderate and severe) of nephropathy, VEGF
secretion  Syndrome bicactvity in endothelial cells is only increased in mildly injured
Neuropatty (247 glomeruli and decreased in moderate or severe lesions. Further-

Nephropaty (QEIRD) more, they showed that glomerular capillary rarefaction was

linked to the degree of glomerulosclerosis and endothelial cell pro-
liferation, showing capillary repair was markedly increased only in
mildly/moderately injured glomeruli, even if apoptosis was
detected in all stages. They suggest that diabetic nephropathy is
associated with glomerular capillary rareftaction by an imbalance
of endothelial cell proliferation, repair and apoptosis, and injury;
and reduced VEGF activity might be an indicator of an insuffi-
cient capillary repair reaction'”™. Therefore, if increased VEGF
expression ocours as a reaction of compensation for the damage
of glomerular endothelial cells, inhibition of VEGF should not be
given as a treatment for diabetic nephropathy. Howewver, further
studies are needed to conclude whether VEGF-A is or is not an
endogenous protective factor for diabetic nephropathy.
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