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Introduction
Diabetic nephropathy has become a leading cause of end-stage 

kidney disease in developed countries. Moreover, the worldwide 
outbreak of obesity and diabetes would result in a dramatic increase 
of diabetic nephropathy in developing countries such as those in 
Asia and Latin America. Many researchers continue to develop 
novel therapeutic strategies against it. The involvement of vascular 
endothelial growth factor (VEGF)-A has been well recognized 
in the pathogenesis of diabetic nephropathy. Several previous 
studies reported that inhibition of VEGF-A successfully prevented 
albuminuria and glomerular pathology in diabetic animal models 
[1]. 

Although VEGF-A is a promising therapeutic target for diabetic 
nephropathy, the enthusiasm for VEGF-targeting therapy was 
tempered by clinical evidence that bevacizumab, a monoclonal anti-
VEGF-A antibody, caused proteinuria and renal thrombotic micro-
angiopathy in cancer patients [1,2]. In this review, we will describe 
the association between VEGF- A expression and the progression of 
diabetic nephropathy, and then, discuss the necessary conditions 
for future VEGF-targeting therapy against the disease. 

Increased VEGF-A Induces Early Stage Diabetic Nephrop-
athy

In glomeruli, VEGF-A is mainly expressed in podocytes. It acts on 
glomerular endothelial cells to maintain their structure and function 
[3], and possibly on mesangial cells to regulate the expression of 
mesangial matrix proteins [4]. In diabetes, hyperglycemia induces 
up regulation of VEGF- A in podocytes at least in the early stage,  

 
accompanied by micro-albuminuria and mesangial expansion. 
Given the previous reports that podocyte-specific VEGF-A over 
expression or systemic VEGF receptor-2 activation in mice caused 
albuminuria and mesangial expansion [5,6], increased expression 
of VEGF-A may be sufficient to induce the findings observed in 
early stage of diabetic nephropathy (Figure 1A). Indeed, anti-VEGF 
antibody was shown to ameliorate albuminuria and glomerular 
alterations in diabetic mice [7].

Endothelial Dysfunction is Necessary for Advanced Stage 
Diabetic Nephropathy

Increased VEGF-A alone is insufficient to induce advanced 
stage diabetic nephropathy, characterized by massive proteinuria, 
as well as nodular lesions in glomeruli. Despite the difficulty of 
inducing advanced glomerular lesions in wild-type mice, diabetes 
successfully resulted in the formation of nodular lesions in 
podocyte-specific VEGF- A over expressing mice [8]. Thus, some 
diabetes-induced aggravating factors, in addition to VEGF-A, should 
be required for the progression to advanced stage. 

The most important factor among these is probably endothelial 
dysfunction, considering the evidence that diabetic endothelial 
nitric oxide synthase (eNOS, also known as NOS3) knockout mice 
developed massive proteinuria and advanced glomerular lesions, 
including nodular sclerosis and mesangiolysis [9-11]. Furthermore, 
podocyte-specific VEGF-A over expression in NOS3 knockout mice 
was reported to induce nodular glomerulosclerosis even without 
diabetes [12]. Taken together, diabetes-induced endothelial 
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dysfunction, combined with increased VEGF-A, may accelerate 
albuminuria and glomerular alterations from early to advanced 
stage (Figure 1B). 

VEHG-A Expression Decreases with the Disease Progres-
sion

Increased expression of VEGF-A is observed in early stage 
diabetic nephropathy. However, as the disease progresses, VEGF-A 
is depleted in glomeruli [13]. This is likely to be due to loss of 

podocytes, the source of VEGF-A. Since podocyte-specific VEGF-A 
knockout mice were demonstrated to develop renal thrombotic 
micro-angiopathy, as observed in patients treated with anti-VEGF 
antibody [2], decreased expression of VEGF- A in glomeruli could 
promote endothelial injury. In addition, diabetes in podocyte-
specific VEGF-A knockout mice led to the prominent glomerular 
scarring [14].Therefore, an excessive reduction of VEGF-A would 
result in the devastating glomerular changes seen in diabetes 
(Figure 1C). 

Figure 1: Vascular endothelial growth factor (VEGF-A) expression and the stages of diabetic nephropathy. VEGF-A in glomeruli 
is mainly expressed in podocytes. In the early stage (A), diabetes-induced increase in VEGF-A expression causes mesangial 
expansion. However, in the advanced stage (B), increased VEGF-A alone is insufficient to induce nodular glomerulosclerosis 
and mesangiolysis. Endothelial dysfunction, combined with increased VEGF-A, is required for the development of such 
characteristics. As glomerular injury progresses, VEGF-A expression could be decreased through podocyte damage (C). 
Depletion of VEGF-A in diabetes results in glomerular scarring. GBM = glomerular basement membrane.

What are the necessary conditions for Future VEGF-
Targeting Therapy?

Since anti-VEGF therapy for cancer could induce renal 
glomerular endothelial injury, enthusiasm for VEGF-targeting 
strategies against diabetic nephropathy has been dampened. 
However, VEGF-targeting therapy may still have beneficial potential, 
if it could meet some conditions. Based on the association between 
VEGF-A expression and the progression of diabetic nephropathy 
described above, we propose two necessary conditions for VEGF-
targeting strategies against diabetic nephropathy.

A. VEGF-targeting therapy should not cause excessive 
reduction of VEGF-A.

B. VEGF-targeting therapy should not promote endothelial 
dysfunction.

Anti-VEGF antibody and soluble fms-like tyrosine kinase 1 (Flt-
1) directly bind to and deplete VEGF-A. Despite their beneficial 
effects in diabetic animal models [7,15], these agents accelerate 
endothelial injury, leading to glomerulosclerosis in the long term, 

as shown in (Figure 1C). Therefore, these are excluded from 
candidate therapeutic agents for diabetic nephropathy. Endostatin, 
a collagen-derived anti-angiogenic agent, was also shown to have 
renoprotective effects in diabetic mice [16]. This agent could 
interfere with VEGF signaling, but does not induce excessive 
reduction of VEGF-A. However, unfortunately, almost all anti-
angiogenic agents including endostatin are demonstrated to have 
pro-apoptotic effects on endothelial cells in vitro [1]. Therefore, 
anti-angiogenic agents intrinsically have the potential risk to 
cause endothelial dysfunction. Such important concerns have to be 
solved to develop novel VEGF-targeting therapies against diabetic 
nephropathy in future. 

We previously reported the protective roles of vasohibin-1 
(VASH1), an endothelium-derived negative feedback regulator of 
VEGF-induced angiogenesis, in a diabetic nephropathy mice model 
[17-19]. As VASH1 promotes endothelial survival in contrast to 
other anti-angiogenic agents [20], we consider it as a promising 
candidate for future VEGF-targeting therapy against diabetic 
nephropathy. However, the detailed mechanism by which VASH1 
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inhibits VEGF signaling remains to be clarified. Recently, vasohibin-2 
(VASH2), a homologue of VASH1, was also implicated with diabetic 
nephropathy [21], but whether VASH2 is a novel target for diabetic 
nephropathy remains unknown at present. 

Conclusion
As mentioned above, VEGF-targeting therapy against diabetic 

nephropathy has to avoid excessive reduction of VEGF- A as well 
as endothelial dysfunction. If such a strategy meets the necessary 
conditions, it still has beneficial potential. If not, it would be 
obsolete.
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