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Angiogenesis in Diabetic Nephropathy

Roy Zent, MD, PhD, and Ambra Pozzi, PhD

Summary: Angiogenesis, the formation of new blood vessels from pre-existing vasculature,
plays a key role in both physiologic and pathologic events, including wound healing, cancer,
and diabetes. Neovascularization has been implicated in the genesis of diverse diabetic
complications such as retinopathy, impaired wound healing, neuropathy, and, most recently,
diabetic nephropathy. Diabetic nephropathy is one of the major microvascular-associated
complications in diabetes and is the leading cause of end-stage renal disease worldwide. In
this review we describe the major factors involved in the pathologic glomerular microvascular
alterations in response to hyperglycemia and the possible use of anti-angiogenic therapies for
the treatment of diabetic nephropathy.
Semin Nephrol 27:161-171 © 2007 Elsevier Inc. All rights reserved.
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iabetic nephropathy represents a major
cause of morbidity and mortality in type
1 and type 2 diabetic subjects and has

ecome the leading cause of end-stage renal
isease worldwide. Currently there is no spe-
ific therapy for this condition, which almost
nvariably progresses to end-stage renal failure.
ne of the hallmarks of diabetic nephropathy is
lomerular microvascular injury, which poten-
ially may be a therapeutic target for this dev-
stating medical condition. In this review we
escribe (1) the major steps involved in angio-
enesis, (2) the pathologic glomerular vascular
hanges observed in diabetic nephropathy, and
3) the possible use of anti-angiogenic therapy
or the treatment of diabetic-induced renal vas-
ular damage.

NGIOGENESIS

ngiogenesis is the formation of new blood
essels from pre-existing vasculature. This pro-
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ess plays a key role in both physiologic and
athologic events, including embryonic devel-
pment, menstruation, wound healing, tumor
rowth, and diabetes. Angiogenesis is a multi-
tep process that requires at least 4 indepen-
ent events by endothelial cells, including
etachment from basement membranes, prolif-
ration, migration, and maturation.1 Normally
hese events are regulated tightly by both pro-
ngiogenic and anti-angiogenic factors, how-
ver, in pathologic events such as diabetes
here is increased synthesis of pro-angiogenic
actors with concomitant down-regulation of
nti-angiogenic molecules. This leads to in-
reased proliferation and migration of endothe-
ial cells, resulting in the formation of immature
nd leaky vessels.

roangiogenic Factors

he soluble molecules vascular endothelial
rowth factor (VEGF) and angiopoietins (Ang 1
nd Ang 2), are the best-characterized growth
actors that play a role in angiogenesis. The
EGF family consists of at least 4 members,
EGF-A, -B, -C, and -D.2 VEGF-A, the most pre-
ominant, consists of at least 8 isoforms, with
EGF165 the major form expressed in humans

VEGF 164 in mouse). VEGF was first described
s a vascular permeability factor because of its
bility to induce leaky vessels. It exerts its ac-

ions by binding 3 different receptors selec-
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162 R. Zent and A. Pozzi
ively expressed on endothelial cells, VEGF re-
eptor I (ie, VEGFR1, Flt-1), VEGF receptor 2 (ie,
EGFR2, Flk-1), and VEGF receptor 3 (VEGFR3).3

lt-1 is required for the recruitment of hemato-
oietic precursors and the migration of mono-
ytes and macrophages, whereas Flk-1 and
EGFR3 are essential for the functions of vas-
ular endothelial and lymphendothelial cells,
espectively.3 VEGF is probably the most potent
ngiogenic factors and its up-regulation often is
bserved in pathologic conditions, including
ancer, rheumatoid arthritis, and diabetes. Up-
egulated VEGF synthesis is accompanied by
ncreased endothelial cell migration, prolifera-
ion, and formation of immature vessels charac-
erized by leakiness and decreased vascular re-
istance.

The angiopoietins belong to a family of at
east 4 members, with Ang 1 and Ang 2 being
he most predominant.4 Both Ang 1 and Ang 2
xert their action by binding the same receptor
ie-2, selectively expressed on endothelial
ells. Interestingly, Ang 1 and Ang 2 exert op-
osite effects on endothelial cell function. Al-
hough Ang 1–mediated signaling via Tie-2
eads to vessel maturation, quiescence, and re-
uced leakage,5,6 Ang 2 blocks the Ang 1/Tie-2
ignal resulting in increased angiogenesis, ves-
el instability, and consequent leakage.7,8 More-
ver, although Ang 1 promotes endothelial cell
dhesion, spreading, and formation of focal
ontacts, Ang 2 enhances endothelial cell mi-
ration and tubulogenesis. Ang 1 and Ang 2,
nlike VEGF, are not considered complete an-
iogenic factors because they cannot trigger
ngiogenic responses by themselves, but rather
hey positively or negatively modulate VEGF-
nduced endothelial cell function.9 Interest-
ngly, Ang 2 expression can be up-regulated by
EGF10 and it enhances VEGF-mediated angio-
enesis.4 In pathologic events, such as cancer
r diabetes, increased VEGF synthesis often is
ccompanied by increased Ang 2 levels with
ecreased and/or unchanged levels of Ang 1.

nti-angiogenic Factors

o ensure that there is not an overproduction
f blood vessels there are endogenous inhibi-

ors of angiogenesis that can be classified into 2 i
ajor categories: proteolytic fragments and
ene products.11 Among the proteolytic frag-
ents, extracellular matrix–derived and plas-
inogen-derived fragments have been shown

o inhibit angiogenesis by inhibiting endothelial
ell migration, proliferation, and tubulogenesis.
ome of these fragments include angiostatin (a
leavage product of circulating plasminogen),
ndostatin (a cleavage product of collagen
VIII), the �lNC1 domain of collagen IV,12 and

he �3NC1 domain of collagen IV.11,13 In con-
rast, most of the gene product inhibitors have
leiotropic effects that are not necessarily re-

ated to the regulation of angiogenesis. For ex-
mple, thrombospondin-1 and pigment epithe-
ium–derived factor (PEDF), which are well-
escribed inhibitors of angiogenesis in both
hysiologic and pathologic conditions, can pro-
ote endothelial cell apoptosis by inducing the

as ligand.14 PEDF originally was isolated as a
rotein secreted by cultured pigment epithelial
ells of fetal human retina,15 but later was
hown to possess plural effects, including neu-
onal cell differentiation, protection of neurons
rom various neurotoxic agents, and, most im-
ortantly, angiogenesis inhibition.16 Moreover,

n retinal endothelial cells PEDF down-regulates
he levels of VEGF, thus preventing vascular
ermeability and angiogenesis.17 Finally, there
re 2 inhibitors, soluble VEGF receptor 1 and
asohibin, which are expressed only in endo-
helial cells, and have selective activities against
ndothelial cells themselves.11 Soluble VEGF re-
eptor 1 selectively blocks VEGF signaling and
nly inhibits VEGF-mediated effects, including
ngiogenesis and vascular permeability. Vaso-
ibin is proposed to be the first negative feed-
ack regulator of angiogenesis and it works by

nteracting with specific endothelial cell intra-
ellular signaling pathways.

Fig. 1 summarizes the major pro-angiogenic
nd anti-angiogenic factors that contribute to
he homeostasis of blood vessel formation.

IABETIC NEPHROPATHY
ND VASCULAR DAMAGE

he clinical entity of diabetic nephropathy, the
ost common cause of end-stage renal disease
n the developed world, is characterized ini-
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Angiogenesis 163
ially by glomerular hyperfiltration, glomerular
nd tubular epithelial hypertrophy, and mi-
roalbuminuria. In established diabetic ne-
hropathy, the glomeruli show basement mem-
rane thickening, mesangial matrix expansion,
rteriolar hyalinosis, and sclerosis, and there is
vidence of interstitial fibrosis.18,19 A principal
echanism whereby hyperglycemia induces di-

betic nephropathy is by stimulating excessive
roduction of reactive oxygen species (ROS) in
ultiple cell types, including mesangial cells20

nd podocytes.21 ROS in turn can up-regulate
he expression of profibrotic molecules such as
onnective tissue growth factor (CTGF) and
ransforming growth factor-� (TGF-�), thus in-
reasing the glomerular extracellular matrix

igure 1. Schematic representation of the major pro-
enesis. In quiescent blood vessels (panel A) there is a tig

n panel B) and anti-angiogenic (see list in panel C) fac
pecific events in new blood vessel formation, includ
prouting (panel B). In contrast, maturation of blood vess
actors (panel C).
eposition.22,23 Hyperglycemia also increases g
he production of advanced glycation end-prod-
cts (AGEs) of extracellular matrix components

n the mesangium and glomerular basement
embrane, resulting in changes in permeability

f the filtration barrier.24 Finally, mechanical
tress associated with intraglomerular hyperten-
ion causes podocyte damage, which is associ-
ted with down-regulation of nephrin, an im-
ortant protein of the slit diaphragm with anti-
poptotic signaling properties. The loss of
ephrin correlates with foot process efface-
ent of podocytes and increased proteinuria.25

Although the mesangial cells and podocytes
re proposed as the major mediators of diabetic
ephropathy, diabetic-induced microvascula-
ure injury also plays a key role in the patho-

ti-angiogenic factors involved in the control of angio-
ance between the production of pro-angiogenic (see list
creased production of pro-angiogenic factors controls

etachment from matrix, proliferation, migration, and
ccompanied by increased production of anti-angiogenic
and an
ht bal
tors. In
ing d
els is a
enesis. Similar to diabetic retinopathy, an in-
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164 R. Zent and A. Pozzi
reased density of glomerular capillaries,
esulting from glomerular neovascularization,
nd an increased number of efferent arte-
ioles at the glomerular vascular pole have
een seen in biopsy specimens of patients
ith type 1 diabetes26 as well as in rats and
b/db mice with diabetic nephropathy.27,28 In-
reased glomerular vascular density accompa-
ied by increased vessel leakage also was noted

n diabetic KK mice compared with nondia-
etic controls (Fig. 2).

The mechanism whereby increased angio-
enesis of abnormal vessels occurs in diabetic
ephropathy is understood poorly. One possi-
ility is that the balance between pro-angio-
enic and anti-angiogenic factors, critical for
he regulation of vascular permeability and an-
iogenesis, is altered in the course of diabetes.
n this context, increased expression of pro-
ngiogenic factors and decreased expression of
nti-angiogenic molecules within the glomeru-
us of diabetic patients or rodents has been
ocumented.29,30 The major angiogenic and
onangiogenic factors involved in the patho-
enesis of diabetic nephropathy are summa-

igure 2. Increased glomerular vascularity and permeab
rom control (KK) and 25-week-old diabetic mice (KK-di
etermine the degree of vascularity. Ten minutes before
mw, 60 kd) (lower panel) to visualize the integrity of
K-diabetic mice compared with the KK mice, which i
D31-positive structures per glomerulus was quantified u
s previously described.77 Thirty glomeruli/group were a
ized in Fig. 3. t
ro-angiogenic Factors
n Diabetic Nephropathy

mong the pro-angiogenic factors, VEGF is
robably the most potent permeability factor
p-regulated in diabetes.31 This growth factor is
roduced predominantly by the podocyte in
he glomerulus and high glucose increases
EGF synthesis in cultured podocytes32 and tu-
ular cells.31 Moreover, a recent study per-
ormed on renal biopsy specimens of diabetic
atients showed increased expression of VEGF
nd increased VEGF-receptor activation in
ildly injured glomeruli.33 This was accompa-

ied by increased endothelial cell proliferation,
uggesting that VEGF activation in mildly af-
ected diabetic kidney might lead to increased
lomerular angiogenesis.33 This study also par-
llels the observation that VEGF gene expres-
ion correlates with glomerular neovasculariza-
ion in human diabetic nephropathy29 and
ncreased expression of VEGF 121 isoform is
p-regulated in the kidneys of patients with
ype 2 diabetes.34 The mechanism whereby
EGF contributes to glomerular vascular dam-
ge is not clear. On one hand, it is required for

KK diabetic mice. (A) Frozen sections of kidneys derived
) were stained with anti-mouse CD31 (upper panel) to
the mice were injected intravenously with RITC-dextran
lood vessels. Note the diffuse RITC-dextran pattern in
ndication of leaking vessels. (B) The area occupied by
cion Image analysis (Scion Corporation, Frederick, MD),
ed (Breyer and Pozzi, unpublished data).
ility in
abetic
death
the b
s an i
sing S
he induction and maintenance of the fenestrae
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Angiogenesis 165
n glomerular capillary endothelial cells.35 On
he other hand, podocyte-specific overexpres-
ion of the VEGF164 isoform leads to collapsing
lomerulopathy.36 The cause of up-regulated
EGF synthesis in diabetes also remains specu-

ative. Of the known pathways up-regulated by
yperglycemia, protein kinase C,37 ROS,38 and
GEs39 have been shown to increase VEGF pro-
uction in both glomerular and nonglomerular
ompartments.

As mentioned previously, Ang 1 and Ang 2
elong to a family of both pro-angiogenic and
nti-angiogenic factors that exert their cellular
unctions by binding to the Tie2 receptor. Dur-
ng kidney development, Ang 1, Ang 2, and Tie2
re highly expressed and play pivotal roles in
he maturation of glomeruli and renal blood
essels,40 with Ang 2 promoting angiogenesis
nd the establishment of leaky vessels, and Ang
enhancing endothelial cell stability and reduc-

ng vessel leakage. In the kidneys, Ang 1 coun-
eracts the action of VEGF41 and increases trans-
ndothelial electrical resistance in cultured
lomerular endothelial cells.42 In contrast, up-
egulation of Ang 2 has been documented in a
ype 1 mouse diabetic nephropathy model43,44

nd in mesangial cells exposed to high glucose
evels. In addition, high glucose levels signifi-

igure 3. Major factors involved in the pathogenesis o
OS production, glycation of glomerular matrix, intraglo
oncomitant decreased synthesis of anti-angiogenic mo
lar damage, neovascularization, matrix deposition, and
antly increased the levels of secreted Ang 2 by c
esangial cells,45 suggesting the involvement of
his angiogenesis-associated factor in the pro-
ression of diabetic nephropathy.

nti-angiogenic Factors
n Diabetic Nephropathy
he proteolytic fragments of both non-extracel-

ular and extracellular matrix have been shown
o improve diabetic nephropathy. These are
iscussed later in the section on enhancing the
eneration and/or action of anti-angiogenic fac-
ors because they most likely only exert their
rotective effects when given in pharmacologic
oses and play a minimal role in the normal
athophysiology of this disease process.
The anti-angiogenic factor PEDF has been

hown to be involved in both diabetes-medi-
ted retinal and renal vasculature complica-
ions. Interestingly, there appears to be an in-
erse correlation between the levels of PEDF
nd VEGF in both physiologic and pathologic
ngiogenesis. PEDF down-regulates the levels of
EGF in retinal endothelial cells17 and de-
reased PEDF levels are associated with dia-
etic retinopathy in human beings.46 Moreover,
he levels of this anti-angiogenic factor are de-
reased at both the messenger RNA and protein
evels in the kidney of diabetic rats.30 In this

etic nephropathy. Hyperglycemia can lead to increased
ar pressure, and synthesis of pro-angiogenic factors with
. These changes significantly contribute to the glomer-
d filtration observed in diabetes.
f diab
merul
lecules
ontext, high glucose levels and AGEs decrease
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166 R. Zent and A. Pozzi
EDF production in human mesangial cells30

nd in microvascular endothelial cells.47 Finally,
EDF prevents high glucose level–induced
verexpression of the profibrotic growth fac-
or, TGF-�.48 Taken together, these data suggest
hat decreased expression of PEDF in diabetic
idneys contributes to extracellular matrix
verproduction, increased angiogenesis, and
onsequent development of diabetic nephrop-
thy.

enin-Angiotensin System
n Diabetic Nephropathy

he renin-angiotensin system (RAS) plays a key
ole in the progression of diabetic nephropathy
nd inhibition of this system is one of the major
herapeutic strategies used to slow the progres-
ion of this disease process. There is convincing
vidence from multiple large trials that block-
ng the RAS decreases the progression of dia-
etic nephropathy and overall proteinuria. This

s proposed to be induced primarily by altering
lomerular hemodynamics, resulting in a de-
rease in intraglomerular pressure. There is,
owever, some new and interesting evidence
uggesting that the RAS might in part contrib-
te to the diabetic-induced vascular damage by
ffecting glomerular endothelial cell functions.
n this context, angiotensin II contributes to
lomerular vascular growth and leakage by
romoting VEGF synthesis by podocytes.49

nother interesting mechanism, currently
escribed in tumor angiogenesis, is that an-
iotensin II can promote endothelial cell
igration and tubulogenesis, thus directly

ontributing to angiogenesis in pathologic
ettings.50-53

NTI-ANGIOGENIC
HERAPY IN DIABETIC NEPHROPATHY

ecause the pathologic consequences of dia-
etes, including diabetic nephropathy, are in

arge part caused by both microvascular and
acrovascular complications, new strategies

re required to prevent these complications.
s mentioned previously, increased genera-

ion of pro-angiogenic factors, decreased ex-
ression of anti-angiogenic factors, hyperten-

ion, and high glucose level–mediated AGE i
ormation represent the major mediators of
iabetes-induced vascular damage. It is there-
ore apparent that altering the activity of one
nd/or many of theses mediators might be
eneficial in treating and ideally preventing
he glomerular vascular complications found
n diabetes types 1 and 2.

locking Traditional
ro-angiogenic Factors

ncreased expression of pro-angiogenic factors
nd their receptors has been largely docu-
ented in diabetes.54-56 Because most of these

actors might contribute to the glomerular vas-
ular damage by increasing endothelial cell pro-
iferation and permeability, many studies have
een performed to block these pathways in
nimal models of diabetes. Anti-VEGF antibod-
es administered to type 1 diabetic rats imme-
iately after induction of diabetes have been
hown to decrease hyperfiltration, albuminuria,
nd glomerular hypertrophy.57 VEGF blockade
lso prevented the up-regulation of endothelial
itric oxide synthase expression in glomerular
apillary endothelial cells, suggesting that anti-
EGF therapy might be beneficial in preventing
ascular damage in the early events of diabetic
ephropathy.57 Similarly, anti-VEGF therapy at-
enuated increases in kidney weight and glo-
erular volume in the diabetic db/db mouse, a
odel of obese type 2 diabetes,58 and inhibition

f VEGF prevented early glomerular hypertro-
hy in the Zucker diabetic fatty rat, another
odel of obese type 2 diabetes.59 In contrast to

hese studies, anti-VEGF antibodies did not lead
o any beneficial effects to the kidney when
sed in the Goto-Kakizaki rat, a lean type 2
iabetes model.60 Although very promising in
nimal studies, anti-VEGF therapy has not yet
een used in human subjects with diabetes,
hich makes it difficult to appreciate its poten-

ial therapeutic efficacy. However, when this
herapy was administered for colorectal cancer,
requent adverse effects, including hyperten-
ion, bleeding episodes, thrombotic events, and
roteinuria, were reported,61 suggesting that
hese antibodies will be difficult to administer

n patients with diabetic nephropathy.
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Angiogenesis 167
nhancing the
eneration and/or Action
f Anti-angiogenic Factors

ecreased expression of anti-angiogenic fac-
ors, including PEDF, non-extracellular matrix,
nd extracellular-matrix cleavage products has
een documented in diabetic nephropa-
hy,30,43,44,62 suggesting that the administration
f these anti-angiogenic factors might be bene-
cial in the treatment of diabetic nephropathy.
ecause the levels of the anti-angiogenic PEDF
re decreased in kidneys of streptozotocin-in-
uced diabetic rats30 and PEDF down-regulates
he production of high glucose level–mediated
GF-� synthesis by mesangial cells,30 diabetic
ats were treated with an adenovirus express-
ng PEDF to evaluate its effects on diabetic
omplications.48 Enhanced expression of renal
EDF significantly alleviated microalbuminuria

n early stages of diabetes and prevented the
xpression of the profibrotic agents TGF-� and
TGF. These results suggested that exogenous
xpression of PEDF is beneficial in a rat model
f diabetic nephropathy.

Among the non-extracellular matrix–derived
leavage products, angiostatin recently was
hown to ameliorate the glomerular vascular
amage induced by diabetes.62 Angiostatin is
enerated from circulating plasminogen by dif-
erent enzymes, including matrix metallopro-
einase (MMP)2, 3, 7, 9, and 12.13 Angiostatin is
potent inhibitor of endothelial cell functions
oth in vivo and in vitro and it has been shown
o ameliorate pathologic angiogenesis, particu-
arly tumor-associated angiogenesis.63 Based on
he observation that angiostatin inhibits retinal
ascular permeability in diabetic retinopathy,64

he effect of angiostatin was analyzed in dia-
etic nephropathy.62 In this study the levels of
ngiostatin and one of its major generators,
MP2, were found to be significantly de-

reased in the kidneys of streptozotocin-treated
ats.62 When exogenous angiostatin was deliv-
red by using an adenoviral delivery, albumin-
ria and glomerular hypertrophy was alleviated
ignificantly and there was a reduction in the
igh glucose level–induced expression of VEGF
nd TGF-�.62 Although this study strongly sug-
ests that treatment with angiostatin might be

eneficial in diabetic nephropathy, a recent f
tudy suggested that use of this therapy may
ead to potential complications. In this study
erformed on human subjects, mammary artery
apillary density and VEGF expression were
educed significantly in diabetic patients com-
ared with nondiabetic patients.65 This was
orrelated with an up-regulation in arterial ex-
ression and the release of active MMP-2 and
MP-9, as well as angiostatin.65 Therefore, in

ontrast to the glomerular vasculature, the in-
reased angiostatin production and reduced
EGF formation in the diabetic arterial vascula-

ure might lead to decreased and impaired an-
iogenesis.65 This paradigm highlights the inter-
sting concept that endothelial cells and their
esponses to specific stimuli differ within tis-
ues and organs. Moreover, anti-angiogenic
herapy might be beneficial in one organ (ie,
idney), but deleterious in others.

Among the extracellular matrix–derived
roducts, endostatin (a cleavage product of col-

agen XVIII) and the �3-NC1 domain of collagen
V (�3-NC1[IV]) have been shown to ameliorate
he glomerular vascular complications induced
y diabetes.43,44 Treatment of streptozotocin-

nduced diabetic mice with either �3-NC1(IV)
omain43 or endostatin44 reduced the vascular
amage, glomerular hypertrophy, hyperfiltra-
ion, albuminuria, and the number of glomeru-
ar endothelial cells in the early stage of diabetic
ephropathy.

Interestingly, increased podocyte production
f collagen IV (particularly the �3 chain) driven
y angiotensin II, VEGF, and TGF-� has been
bserved in diabetes.66 Although this chain may
ontribute to the glomerular damage by pro-
oting glomerulosclerosis, it also might play a

ole as a physiologic inhibitor of angiogenesis if
ts cleavage product, �3-NC1(IV), is generated
roteolytically in this pathologic process.

locking AGEs and Their Receptors

GEs are proteins or lipids that are non-enzy-
atically glycated after exposure to sugars.67

GEs are prevalent in the diabetic vasculature
nd contribute to microvascular and macrovas-
ular complications because they form cross-
inks between molecules in the extracellular

atrix milieu. In addition, they alter cellular

unction by interacting with the RAGE recep-
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168 R. Zent and A. Pozzi
ors.67 In the endothelium, AGEs cause the pro-
uction of ROS68 and in human glomerular en-
othelial cells they regulate the expression of
oth VEGF and VEGFR2.69,70 Despite the recog-
ition of their deleterious effects in diabetes,
he pharmacologic treatment currently avail-
ble for either type 1 or type 2 diabetic patients
oes not directly address the excess accumula-
ion of AGEs. However, studies performed on
nimal models of diabetes strongly suggest that
revention of AGE formation and/or blocking
heir cellular actions would be beneficial in
lowing diabetic nephropathy. Treatment with
nti-RAGE antibodies in obese type 2 diabetic
ice71 or mice with type 1 diabetes72 reduced

idney weight, albumin excretion, and collagen
V production, thus supporting the hypothesis
hat RAGE is an important pathogenic factor in
he renal changes found in type 1 and type 2
iabetes. Moreover, the suppression of AGE for-
ation by aminoguanidine decreases albumin-

ria and the severity of glomerular lesions in
iabetic rodents.73 Another compound, pyri-
oxamine, which inhibits the glycoxidative
reakdown of Amadori products to AGE,74 also
revents the increase of plasma creatinine lev-
ls, albuminuria, and glomerular hypertrophy
n streptozotocin-diabetic rats75 and obese type

diabetic mice.76 Interestingly when pyridox-
mine was administered together with the an-
iotensin II receptor blocker valsartan, both
ortality and the progression of diabetic ne-
hropathy were reduced significantly com-
ared with the single treatments,76 strongly sug-
esting that combination therapy might be
eneficial for the treatment of established type
I diabetes.

ONCLUSIONS

iabetic nephropathy is a significant medical
roblem because of its increasing incidence,
orbidity, and mortality. One of the principal
athogenic mechanisms of this disease is aber-
ant angiogenesis. In this review we have high-
ighted the major pro-angiogenic and anti-angio-
enic factors that potentially could affect the
lomerular vascular damage in the setting of
ype 1 and type 2 diabetes. A better understand-
ng of the role of angiogenesis in diabetes is

ritical for the development of successful inhib-
tors to this process. Because inhibition of the
enin-angiotensin system is the only therapy
urrently available to retard the progression
f this incurable disease, targeting the patho-

ogic angiogenesis associated with diabetic ne-
hropathy might be viewed as a valid tool to
ecrease and ideally halt the morbidity and
ortality associated with this disease.
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