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Imbalance of Angiogenesis in Diabetic Complications: The Mechanisms

Zoya Tahergorabi, Majid Khazaei

ABSTRACT

Type 2 diabetes mellitus is a complex disease and a chronic 
health‑care problem. Nowadays, because of  alteration of  lifestyle 
such as lack of  exercise, intake of  high fat diet subsequently 
obesity and aging population, the prevalence of  diabetes mellitus is 
increasing quickly in around the world. The international diabetes 
federation estimated in 2008, that 246 million adults in worldwide 
suffered from diabetes mellitus and the prevalence of  disease is 
expected to reach to 380 million by 2025. Although, mainly in 
management of  diabetes focused on hyperglycemia, however, it is 
documented that abnormalities of  angiogenesis may contribute in 
the pathogenesis of  diabetes complications. Angiogenesis is the 
generation of  new blood vessels from pre‑existing ones. Normal 
angiogenesis depends on the intricate balance between angiogenic 
factors (such as VEGF, FGF2, TGF‑β, angiopoietins) and 
angiostatic factors (angiostatin, endostatin, thrombospondins). 
Vascular abnormalities in different tissues including retina 
and kidney can play a role in pathogenesis of  micro‑vascular 
complications of  diabetes; also vascular impairment contributes 
in macrovascular complications e.g., diabetic neuropathy and 
impaired formation of  coronary collaterals. Therefore, identifying 
of  different mechanisms of  the diabetic complications can give us 
an opportunity to prevent and/or treat the following complications 
and improves quality of  life for patients and society. In this review, 
we studied the mechanisms of  angiogenesis in micro‑vascular and 
macro‑vascular complications of  diabetes mellitus.
Key words: Angiogenesis, diabetes mellitus, diabetic complications, 
macro‑vascular, micro‑vascular

INTRODUCTION
Type 2 diabetes mellitus is a chronic condition and 

considered as a major cause of  mortality and morbidity for its 
micro‑vascular (such as retinopathy, nephropathy and neuropathy) 
and macro‑vascular (coronary heart disease, peripheral vascular 
disease and stroke) complications.[1‑3] Diabetes was previously 
considered as the eighth cause of  death around the world but now is 
the fifth cause of  death following infections, cardiovascular disease, 
cancer and trauma.[4] Type 2 diabetes is founded secondary to 
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insulin resistance and hyperinsulinemia condition.[5] 
It is a multi‑factorial disease that in its development in 
addition to genetic predisposition, play role a number 
of  environmental factors such as poor nutrition, 
lack of  physical activity and obesity.[6] Among these 
factors, obesity has more potent relationship with 
type 2 diabetes.[7] Nowadays, type 2 diabetes mellitus 
is founded as epidemic.

It is evaluated that 285 million persons presently 
have diabetes and it is estimated it will increase 
to 438 million that is equivalent with 7.8% of  the 
world adult population by 2030. Improvement in 
national socio‑economic status of  human societies 
that is indicated with increase in obesity and 
diabetes population can correlate with increasing 
in the incidence of  diabetes.[8]

Angiogenesis is the generation of  new blood 
vessels from pre‑existing ones that provides 
sufficient blood flow and oxygen for growing 
tissues. Endothelial cells are the main cells 
involved in the angiogenesis process. Physiological 
angiogenesis contributes in events such as 
pregnancy, embryonic development, wound 
healing and menstruation,[9] however, disturbances 
in physiologic angiogenesis can participates 
in various human diseases including cancer, 
cardiovascular diseases, diabetic complications, 
ocular disease and chronic inflammation[10] in the 
form impairment angiogenesis that leads to diabetic 
vasculopathy[11,12] or excessive angiogenesis that 
can cause to diabetic retinopathy and nephropathy 
and inhibited angiogenesis in transplant rejection 
in diabetic recipients.[13]

Angiogenesis is consisting of  several 
regulated stages. The first is proteolysis of  the 
ECM (extracellular matrix) through proteolytic 
systems; for example plasminogen/plasmin and 
MMP (matrix metalloproteinase) systems. Then, 
migration of  endothelial cells toward an angiogenic 
stimulus, consequently proliferation of  the 
endothelial cells to supply of  sufficient number of  
cells and, finally, tube formation into a patent three 
dimensionally tubular structure and maturation 
blood vessel with lumen formation. Normal 
angiogenesis depends on the intricate balance between 
angiogenic (e.g., VEGF: Vascular endothelial growth 
factor, FGF2: Fibroblast growth factor), TGF‑β: 
Transforming growth factor and angiopoietin) and 
antiangiogenic factors (angiostatin, endostatin, 
thrombospondins).[14]

Insufficient angiogenesis with limiting entrance 
of  inflammatory cells and poor supply of  oxygen 
and nutrients in wound space has an important 
role in the impaired wound healing process. In one 
experiment, topical administration of  high glucose 
to wounds of  non‑diabetic rats leads to inhibition 
of  the normal angiogenesis that shows direct role 
of  high glucose levels in decreased angiogenesis 
in diabetes.[15] In a study on twenty patients that 
placed undergo coronary artery bypass surgery, 
increased VEGF expression in the myocardium of  
diabetic patients in comparison with non‑diabetic 
patients and decreased expression levels of  VEGF 
receptor 1 and 2 that shows relationship of  diabetic 
cardiovascular complication with dysregulation 
of  neovascularization[16] serious complications of  
diabetes have been demonstrated in Figure 1.

Angiogenesis in diabetic retinopathy
Diabetic retinopathy begins with 

micro‑aneurysms. Then, it develops into exudative 
changes (leakage of  lipoproteins and blood) that 
lead to macular edema, ischemic changes (infarcts 
of  nerve‑fiber layer), collateralization (intraretinal 
microvascular abnormalities) and dilatation of  
venules. Finally, the proliferative changes (abnormal 
vessels on the optic disk and retina, proliferation of  
fibroblasts and vitreous hemorrhage) occur.[18]

In recent years, following improved control 
of  glycemia status, blood pressure and lipid levels 
in persons lead to remarkable decrease in the 

Figure 1: Serious complications of diabetes[17]
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prevalence and incidence of  diabetic retinopathy 
and vision impairment.[19] One population‑based 
epidemiological study has been shown that the 
estimated annual incidence of  proliferative diabetic 
retinopathy and vision impairment from 1980 to 
2007 decreased by 77% and 57% in diabetic patients 
Type 1 respectively.[20]

Close relationships in the form of  physical 
and biochemical among neurons, glial cells and 
distinct vasculature in the central nervous system 
is termed neurovascular unit that can retina also is 
considered as a neurovascular unit.[21,22] It consists 
of  close proximity of  micro‑vasculature segments 
with astrocytes, muller cells, amacrine and ganglion 
neurons that supplies oxygen and nutrients.[23] 
Macular edema in the non‑proliferative phase of  
diabetic retinopathy is associated with occlusion and 
leakage of  retinal vessels and in the proliferative phase 
there are angiogenesis and cluster of  high permeable 
vessels.[24] Macular edema closely associated with 
thickening of  the central fovea and vision loss.

Effective treatment with anti‑VEGF agents 
such as ranibizumab and bevacizumab shows 
that VEGF through several mechanisms involve 
in pathogenesis of  diabetic macular edema.[25,26] 
The first mechanism is through hypoxia and 
AGE

S
 (advanced glycosylation end products) that 

AGE
S
 correlate with prolonged hyperglycemia and 

produce ROS (reactive oxygen species) and ROS 
increases VEGF expression. Hypoxia also induces 
HIF‑1α (hypoxia inducible factor), which stimulates 
production of  VEGF and VEGF receptors. 
VEGF leads to mitogenic effect and proteolysis 
of  basement membrane that is the first stage of  
angiogenic process and cause to proliferative 
diabetic retinopathy.[27] AGE

S 
are biochemical 

end products of  non‑enzymatic glycosylation in 
diabetic patients with poor glycemic control. AGE

S
 

lead to ECM expansion in phenomenon of  diabetic 
tissue fibrosis and irreversible biochemical changes 
in protein structure and function.[13]

The second mechanism is the activation of  
PKC (protein kinase C) isoforms especially 
protein kinase Cβ that leads to VEGF‑induced 
vascular penetrability. Protein kinase Cβ with 
targeting of  tight‑junction protein, occludin, 
causes to ubiquitin‑mediated endocytosis of  tight 
junction and increases vascular permeability.[28,29] 
Several clinical trials have demonstrated that oral 
administration of  ruboxistaurin by inhibiting 

protein kinase Cβ reduced number of  patients with 
sustained moderate visual in comparison with 
placebo group.[30]

Extracellular proteases of  UP‑A okinase 
plasminogen activator) and MMP‑2 and MMP‑9 
also involve in retinal vascular permeability 
with degradation of  tight junction proteins.[31] 
Also, lack of  proper function of  pericytes may 
contribute in vascular permeability. Deletion of  
PDGFβ (platelet derived growth factor) gene 
participates in formation of  walls of  newly formed 
vessels with recruiting of  pericytes and creates a 
phenotype similar to diabetic retinopathy with 
increased angiogenesis and vascular damage.[32] 
Gerald et al. recently showed that Src‑homology 
2 domain containing tyrosine phosphatase 1 can 
inhibit PDGF signaling through the Akt survival 
pathway. This tyrosine phosphatase up regulated 
by expression of  protein kinase Cδ that is induced 
by high glucose levels. Therefore, inhibition of  
PDGF signaling can lead to pericyte cell death, 
vascular damage and diabetic retinopathy.[33]

Obesity and diabetes are associated with 
systemic inflammation.[34] There are excess 
releases of  retinal inflammatory mediators such 
as IL‑1β (interleukin‑1ß), TNF‑α (tumor necrosis 
factor), ICAM‑1 (intercellular adhesion molecule) 
and Ang‑II (angiotensin) in diabetic persons that 
can contribute in VEGF permeability.[35] IL‑1β and 
TNF‑α aggregate in the vitreous and macrophage 
migration into neurosensory retina is created in 
proliferative diabetic retinopathy.[21,36] Therefore, 
glucocorticoids such as fluocinolone decrease 
retinal inflammation and increase tight junction 
protein expression which may improve the integrity 
of  the blood retina barrier (is including glial‑cell, 
pericyte and neural interactions for control the 
flow of  fluids and blood metabolites into neural 
parenchyma) can be considered as treatment for 
diabetic retinopathy.[37]

Activation of  the polyol metabolic pathway 
also participates in diabetic retinopathy. During 
this, glucose is reduced to sorbitol through the 
enzyme aldose reductase. Sorbitol accumulation 
leads to decrease in myo‑inositol content, 
abnormal phosphoinositide metabolism and 
reduced Na+‑K+ATPase activity that can 
increase in collagen cross‑linking and vascular 
permeability. Vascular permeability leads to 
extravasations of  proteinases and thus accelerates 
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neovascularization.[13] A depiction of  mechanisms 
of  angiogenesis in diabetic retinopathy has been 
shown in Figure 2.

Angiogenesis in diabetic nephropathy
Glomerular hypertrophy, as one of  the outcomes 

of  diabetic nephropathy in both animals and 
humans is characterized with increased length and 
number of  capillaries. It is demonstrated that 10 
and 50 days after injection of  streptozotocin to rats 
and induction of  diabetes, the average total surface 
area, length and numbers of  glomerular capillaries 
increased in diabetic rats in comparison with 
controls.[38] Abnormal surplus vessels in diabetic 
nephropathy that are structurally immature lead 
to an increase in vascular permeability that in turn 
cause to extravasations of  plasma proteins.[39] In 
type 2 diabetes, glomerular lesions are created in 
the form of  increase in glomerular endothelial 
cell number in consequence of  imbalance in 
cell proliferation and apoptosis. Main role in 
this process is attributed to VEGF‑A expression 
following high glucose levels in the early phases 
of  diabetes.[40] Of  course, high glucose levels by 
stimulating of  transcription of  TGF‑β in vascular 
smooth muscle cells alone can cause to endothelial 
cell proliferation.[41] Furthermore, overexpression 
of  TGF‑β1 and TGF‑β2 receptors besides VEGF 

in renal cortical and glomerular tissue of  both 
human and animal models of  diabetic nephropathy 
also involved. Therefore, hyperglycemia indirectly 
can induce VEGF overexpression mediated by 
TGF‑β.[13]

Another mechanism in the abnormal 
angiogenesis is glomerular hypertension. In a study, 
it has been shown that treatment of  hypertension in 
diabetic patients with ACE (angiotensin converting 
enzyme) inhibitors or β‑blockers for 8 years 
suppress development glomerular lesions and 
extra vessel formation.[42] Furthermore, effective 
reduction of  blood pressure by VEGF‑A inhibition 
has been showed. Vessels as a by‑pass to decrease in 
intra‑glomerular pressure make abnormal vessels 
connection between intra‑glomerular capillaries to 
peritubular capillaries. Thus, decrease of  systemic 
blood pressure by reduction of  intra‑glomerular 
pressure might decrease development of  by‑pass 
vessels.[39]

Abnormal angiogenesis in diabetes is mediated 
through VEGF‑A family especially VEGF‑A

164
 and 

VEGF‑A188 isoforms and VEGFR1 and VEGFR2 
receptors.[43,44] High levels of  VEGF‑A also lead 
to vascular permeability in the glomeruli,[45] 
Physiological levels of  NO (nitric oxide) creates 
low vascular permeability but NO levels too high 
or too low can lead to hyper‑permeability that 

Hypoxia          HIF-1α  

AGE              ROS               VEGF permeability             proliferative diabetic retinopathy    

Inflammatory mediators                                                  vitreous hemorrhage  

Fibrosis 

Hyperglycemia                                            Sorbitol Loss of vision   

Proteases 

Vascular permeability             Diabetic macular edema   

Activation of PKC ß  

Aldose reductase  

IL-1ß
TNF-α 
ICAM-1 

UP-A 
MMP-2
MMP-9

myoiositol
Na+-K+ATPase 

Figure 2: Mechanisms of angiogenesis in diabetic retinopathy
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in turn lead to glomerular injury and diabetic 
nephropathy.[39]

The primary origin of  VEGF‑A in the kidney are 
podocytes and tubular epithelial cells that podocytes 
are as main regulators of  macro‑molecular 
permeability. Studies have been demonstrated that 
up regulation of  VEGF‑A in early stages of  diabetic 
nephropathy is created for initial development of  
disease, While, decrease in VEGF‑A in the later 
stage can be founded following of  interruption of  
podocytes and tubular cells in advanced phases 
of  cellular damage.[46] Angiopoietins are another 
family of  growth factors in the development of  
diabetic nephropathy. Angiopoietin 1, 2 are ligands 
for Tie‑2 receptor tyrosine kinase and angiopoietin 2 
is a natural antagonist of  angiopoietin‑1.[47] Changes 
in the expression of  angiopoietins in the form of  
reduced ratio of  angiopoietin 1 to angiopoietin 2 
beside VEGF‑A can be involved in the development 
of  diabetic nephropathy.[39]

De Vriese’s group has demonstrated that 
treatment of  diabetic rats induced by streptozotocin 
with a monoclonal anti‑VEGFA antibody decreased 
hyper‑filtration, albuminuria and glomerular 
hypertrophy. Of  course, should be cautious in 
using VEGF‑A inhibitors in the kidney disease. 
For example, although there are useful effects of  
anti‑VEGF antibody in animal models of  diabetes 
but since endothelial cells need to VEGF‑A in 
physiological conditions, VEGF‑A inhibition can 
cause to endothelial injury.[48]

Angiogenesis in diabetic neuropathy
The peripheral nerves system in diabetic patients 

is impaired in the form loss of  sensation and 
reduced awareness of  injury and developing skin 
ulcers more commonly in the lower extremities.[13] 
The prevalence of  diabetic neuropathy is 7% in the 
first year of  diagnosis and 50% for patients more 
than 25 years of  diagnosis.[49]

Pathogenic mechanisms of  diabetic neuropathy 
including: Non‑enzymatic glycation of  proteins 
involved in neural function, changes in neural 
polyol metabolism, prevention of  production 
of  angiogenic and neurotrophic growth factors 
following hyperglycemia, production of  ROS 
and micro‑vascular disease with impaired blood 
circulation in diabetic nerves.[50]

Structural abnormalities are in the epineurial 
vessels consist of: Arteriolar attenuation, venous 

distension, arteriovenous shunting, new vessel 
formation with intimal hyperplasia and hypertrophy 
and denervation. Micro‑angipathic alterations in 
endoneurial vessels are in diabetic patients including: 
Hyalin thickening and endothelial hypertrophy, 
hyperplasia and Basement membrane thickening 
and pericyte loss. Increased blood vessel number in 
diabetic nerves in early stages of  diabetes mellitus 
is created while decreased blood vessel number in 
chronic diabetic condition occur due to ischemia 
and impaired neovascularization respectively.[51]

Hyperglycemia through non‑enzymatic and 
enzymatic mechanisms leads to oxidative stress 
and increased production of  ROS. ROS promotes 
peroxidation of  lipid membranes, proteins 
and DNA that in turn affect on cell structure 
and function.[52] Up regulation of  the vascular 
RAS (renin‑angiotensin system) and elevation of  
endothelin‑1 levels have been demonstrated due to 
oxidative stress in diabetic rats that both may lead to 
decreased peripheral nerve blood flow in diabetes. 
In agreement with data, endoneural hypoxia 
that leads to impaired blood flow in diabetic rats 
is improved by AT1 receptor antagonists.[53] In 
animals with diabetic neuropathy has been shown 
decrease in growth factors with both angiogenic and 
neurotrophic function due to oxidative stress. These 
growth factors direct blood vessels and nerves to their 
tissue targets.[54] In some studies, administration of  
VEGF‑C and VEGF‑A and neurotrophic factors 
e.g., NGF (nerve growth factor), IGF1 (insulin like 
growth factor) and IGF2 through improvement 
of  micro‑circulation in damaged nerves in animal 
models has been demonstrated.[55] Many factors have 
dual effects angiogenic and neurotrophic that are 
referred to as Angioneurin including, VEGF, IGF1, 
NGF, and FGF2. VEGF in addition to angiogenic 
effects directly involve in the growth, survival and 
protection of  neural and axonal outgrowth. NGF 
also shows neurotrophic and neurotropic effects 
and leads to maintenance, survival in neural cells. 
Furthermore IGF

S
 drive growth and differentiation 

of  neurons. Therefore, disturbances in metabolism 
and insufficient vascular support and neurotrophic 
factors mainly contribute in pathogenesis of  
diabetic neuropathy.[56] On the other hand, impaired 
release of  endothelium‑dependent relaxing 
factor has been shown in the aorta of  diabetic 
rats.[53] Also, exposure to high glucose levels and 
decreased anti‑oxidants e.g.. glutathione promotes 
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activation protein kinase C pathway. PKC inhibits 
Na+‑K+ATPase and decreases production of  eNOS. 
eNOS reduction and increased PAI‑1 (plasminogen 
activator inhibitor‑1) lead to blood flow disturbances 
and vascular obstruction respectively. Thus PKC 
pathway contributes in the pathogenesis of  diabetic 
microcirculation complication.[56,57] As a matter of  
fact, oxidative stress makes interrelation in many 
glucose‑related pathogenesis of  diabetic neuropathy. 
In the study, it has been shown that injection of  
BMNC

S
 (bone marrow derived mononuclear cells) 

intramuscular along the sciatic nerve with angiogenic 
and/or neurotrophic factors can be considered 
useful treatment. Injection of  BMNC

S
 improves 

of  vascularity of  diabetic nerves with stimulation 
of  neovascularization through EPC

S
 (endothelial 

progenitor cells) and MSC
S
 (marrow stromal cells) and 

restore of  NCV (nerve conduction velocity) to near 
normal value in diabetic neuropathy.[51] Graphical 
representation of  mechanisms of  angiogenesis in 
diabetic neuropathy has been shown in Figure 3.

Impaired wound healing in diabetes
The normal wound healing process is containing 5 

stages: Hemostasis, inflammation and debridement, 
proliferation, epithelialization and remodeling. 
In non‑healing, diabetic wound is observed 
disturbances in two stages: The inflammation/
debridement and the proliferation stages.[13]

In skin‑wound models that is created by incision on 
the back of db/db mice, impairment of wound healing 

is appeared with decreased angiogenesis, delayed 
formation of granulation tissue, reduced collagen 
content, decreased arteriolar number and density, loss 
of vasculature tone and decrease in the cross‑sectional 
area of new vessel walls.[58] Chronic non‑healing 
ulcers in diabetic patients localized on pressure points 
of the foot, including: The metatarsophalangeal 
joints, ankles and heels.[13] Diabetic foot is not a 
typical complication of the late stages of diabetes, 
but also occurs in patients with newly diagnosed 
diabetes. Diabetic foot ulceration forms 84% of all 
diabetes‑related lower leg amputations.[59,60]

Angiogenesis is a necessary component of  the 
wound healing process. In diabetic patients, there 
is insufficient angiogenesis in wound site in the 
form decreased endothelial cell proliferation and 
decreased cell and growth factor response.[13] For 
example in response to hypoxia there is increased 
threefold wild type fibroblast production of  VEGF 
whereas, is not up regulated diabetic fibroblast 
production of  VEGF in hypoxia status.[61] Also, 
in the presence of  glucose, down regulation of  
VEGFR3, VEGF‑C and VEGF‑D[62] leads to 
impaired angiogenesis, EPC dysfunction, fewer 
platelets, reduced granulation formation and 
defective lymphatic vasculature formation.[63]

Furthermore, impaired wound healing following 
decreased production of  NO via disruption of  eNOS 
phosphorylation has been demonstrated. Abundant 
ROS production is other mechanism in delayed 
wound healing like, anti‑oxidants such as vitamin 

  eNOS  
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ROS           PKC              vascular dysfunction  

Hyperglycemia   oxidative stress          

Cell dysfunction           Diabetic neuropathy  

                                   VEGF 
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Figure 3: Mechanisms of angiogenesis in diabetic neuropathy
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E have been reported are effective in acceleration of  
diabetic wound healing and angiogenic response.[64]

Diabetic patients with critical limb ischemia 
benefit from intramuscular VEGF plasmid 
DNA and would have decreased amputation.[65] 
Nowadays for overcome wound healing problem in 
diabetes, nanotechnology has extensive applications 
in medicine including: Use of  silver nanoparticle in 
cleaning the wound infection.[66] Enhanced wound 
closing and increase of  collagen synthesis by 
curcumin nanoparticle.[67]

Malignancy and diabetes
Epidemiological studies show that 

approximately 5% of  new cancer cases directly 
related to overweight.[68] Based on meta‑analysis 
of  several studies, type 2 diabetes in comparison 
with type 1 more commonly is associated with 
development of  some cancers.[69] For instance, 
relative risk of  liver, pancreatic and endometrial 
cancers with type 2 diabetes is greater than two 
fold, while relative risk for colorectal, breast and 
bladder cancer is slightly lower (1.2‑1.5) fold. 
Relative risk of  lung cancer is less than 1 and 
for other cancers (e.g., kidney, non‑Hodgkin 
lymphoma) evidence is doubtful.[70]

Possible mechanisms for relationship between 
cancer and diabetes type 2 are including: 
Hyperinsulinemia, hyperglycemia, inflammation 
and adipokine secretion disturbances. These 
mentioned mechanisms are created following 
dysfunction of  adipose visceral tissue. Experimental 
and epidemiological evidences show relationship 
between diabetes type 2 and cancer that is more 
consistent with the hyperinsulinemia compared with 
hyperglycemia. Insulin with mitogenic properties 
and expression of  insulin receptors by cancer cells 
and increased levels of  insulin like growth factor‑1 
(IGF‑1) promote tumor cell growth in type 2 
diabetes. Hyperglycemia could be a confounder in 
the increased risk of  cancer in patients with type 2 
diabetes.[71,72]

Once insulin interacts with its receptor, it is 
activated several signaling pathways that lead 
to increase of  proliferation and decrease of  
apoptosis.[71] Hyperinsulinemia also indirectly with 
reduction of  hepatic production of  insulin like growth 
factor binding protein (IGFBP‑1) and IGFBP‑2 
leads to increase of  free active IGF‑1 that act as a 
growth factor in cancer cells.[73] Fuels requirement 

of  tumor growth can is supplied through glycolysis 
with generation ATP. Furthermore, hyperglycemia 
has mitogenic activity.[74]

Obesity is associated with low grade systemic 
inflammation that during it pro‑inflammatory 
factors such as CRP (C‑reactive protein), 
IL‑6 (Interleukin‑6), and TNF‑α increased[75,76] 
and anti‑inflammatory factor of  adiponectin 
decreased. Inflammatory and stromal cells 
of  adipose tissue in turn produce angiogenic 
factors such as VEGF. Excess production of  
pro‑inflammatory adipokines by lipocytes through 
activation of  NF‑κB signaling pathway and increase 
of  oxidative stress contribute in obesity‑induced 
carcinogenesis.[77] Activation of  these signaling 
pathways also leads to inhibition of  apoptosis and 
development of  insulin resistance. Adiponectin 
under normal condition is insulin sensitizer and 
proapoptotic adipokine that in obesity there is 
decrease secretion of  adiponectin.[78]

On the other hand, PAI‑1 a serine protease 
inhibitor is produced in visceral adipose tissue. 
Overexpression of  PAI‑1 associated with many 
obesity related cancers, particularly colorectal 
cancer.[79] PAI‑1 acts indirectly through activation 
of  MMP that play role in extracellular matrix 
remodeling. Intensity of  colorectal cancer has 
been demonstrated that associated with high levels 
of  (MMP‑2, MMP‑7, MMP‑9 and MMP‑13).[80‑82] 
Serum and tissue MMP‑9 increased in pancreatic 
cancer in comparison with healthy controls.[83] 
Therefore, PAI‑1 through changes of  the ECM 
cause to growth factor secretion, angiogenesis and 
loss of  cell adhesion contributes in local growth 
cancer and cell migration.[84]

Several evidences show relationship between 
leptin level and colorectal cancer risk.[85,86] Leptin 
resistance (high leptin levels) there is in some obese 
patients.[87] Leptin acts through mitogenic and 
anti‑apoptotic effects in addition to up regulation 
VEGF mRNA expression that can be reduced 
by MAP (mitogen activated protein) kinase and 
PI3‑K (phosphatidylinositol 3‑kinase) inhibitors.[88]

In a study of 120 patients that suffered from metastatic 
colon cancer, time progression of cancer is studied. 
Patients are placed in two groups, according with 
type of treatment. 40 patients received chemotherapy 
only and 80 patient bevacizumab (anti‑angiogenic 
agent) as well. In the bevacizumab group, there was 
shorter time to progression in high visceral fat patients 
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in comparison with low visceral fat patients, but in 
chemotherapy, group was observed on difference basis 
on level of visceral fat.[89] This result can be attributed 
to several angiogenic factors that are expressed highly 
in obese adipose tissue and decrease effectiveness of  
anti‑angiogenic therapy.[90]

Diabetes and cardiovascular diseases
Cardiovascular disease (CVD) leads to 

65% of  deaths in diabetic patients. One of  
the macro‑vascular complications of  diabetes 
is coronary artery disease (CAD).[91] In one 
population‑based study was cleared the 7‑year 
incidence of  first MI (myocardial infarction) or 
death in diabetic patients was 20% against only 
3.5% in nondiabetic patients. Rate of  recurrence 
MI also increased in diabetic patients.[92]

Diabetes creates alterations in function of  
some cell types, including endothelial cells, 
Smooth muscle cells and platelets are termed 
vascular dysfunction. Also insulin resistance, 
hyperglycemia and dyslipidemia can cause to 
arterial atherosclerosis in diabetic patients.[91]

Hyperglycemia inhibits production of  NO in 
endothelial and vascular smooth muscle cells by 
blocking eNOS and increase of  oxidative stress 
and generation of  ROS especially superoxide 
anion (O2‑). Also there is in type 2 diabetes 
reduction of  endothelium derived NO.[93,94] High 
glucose levels in addition to reduced eNOS 
cause to iNOS overexpression[95] that both can 
inhibit HIF‑1α activity (HIF‑1α is one of  the key 
genes up regulated by hypoxia and it mediate 
VEGF gene transcription).[96] NO is downstream 
mediator of  HIF‑1α stabilization and a series 
angiogenic factors such as bFGF, TGF‑β and 
angiopoietin‑1. NO stimulates angiogenesis in 
addition to some steps process of  angiogenesis 
including vasodilatation‑induced increase in local 
blood flow, endothelial proliferation and migration 
function.[97] Therefore, impaired NO production 
and overexpression of  iNOS with increasing free 
radical O2‑ production can inactivate NO, lead to 
impaired myocardial angiogenesis and inadequate 
development collateral blood vessels in diabetic 
patients with coronary artery disease.[98]

Furthermore, production of  vasoconstrictors 
especially endothelin‑1 that interacts with 
endothelin‑A receptor on vascular smooth muscle 
cell increases in diabetes. Endothelin‑1 also 

stimulates RAS system that leads to vascular 
smooth muscle hypertrophy.[91] Diabetes with 
advance production of  MMP

S
 leads to degrade of  

collagen that in turn creates mechanical stability 
in the plaques fibrous cap. Therefore, collagen 
breakdown can make plaques susceptible to rupture 
and thus trigger thrombus formation.[99]

Activation of  PKC, following hyperglycemia in 
vascular smooth muscle cells, endothelial cells and 
platelets stimulates production of  free radical (2‑). 
Insulin resistance also with releasing of  free 
fatty acids from adipose tissue produces PKC.[100] 
Expression of  VEGF (a high specific growth factor 
for endothelial cells in vivo and in vitro conditions) 
increases excessively after MI in non‑diabetic 
patients, thereby contributes in formation of  
collateral vessels in coronary atherosclerosis, but 
there is insufficient collateral vascular formation in 
diabetic patients.[101] In some microvascular tissues 
in diabetes there is increased VEGF expression in 
consequence hyperglycemia, AGE and oxidative 
stress that creates pathologic angiogenic response, 
however, response of  myocardium in diabetic 
patients is different.[101] It has been demonstrated 
that VEGF mRNA, its protein and receptors all 
remarkably decrease in short term experimental 
both diabetic rats and humans that leads to death 
following MI[91,94,102] against in another study has 
been shown VEGF mRNA transcript increased in 
long term (3 months) in consequence long term 
hypoxic stress and up regulation of  the myocardial 
RAS system in heart of  experimental diabetic rats. 
But the mRNA expression of  flt‑1 and flk‑1 receptors 
decreased through reduced Akt phosphorylation 
and eNOS protein expression and phosphorylation 
that are important signal pathways in endothelial 
cell proliferation, migration and survival.[98,103‑106] 
Down regulation of  the VEGF receptors in the long 
term can be involved in aggravation of  ischemic 
state in diabetic patients.[101]

CONCLUSIONS
Diabetes is an increasing public health problem 

as a result of  changes in life style such as high fat 
diet and consequently obesity, physical inactivity in 
worldwide. The new term of  diabesity is used due 
to the close association between obesity and type 2 
diabetes. Identifying different mechanisms of  the 
diabetic complications including angiogenesis can 
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be helpful for prevention and/or management 
of  complications and thus reduce the rate of  
complications, as well as large economic impact of  
disease on the patients and society.
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