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Angiopoietin-2 and vascular complications 
of type 2 diabetes

ABSTRACT
Cardiovascular diseases are the leading cause of 
death among patients with diabetes mellitus type 2 
(T2DM), and microvascular complications of diabetes 
are associated with high morbidity and diminished 
quality of life. Angiopoietin-2 (Ang-2) is essential for 
endothelial physiology and plays an important role in 
vascular-related diseases. Its concentration in blood is 
elevated in patients with T2DM in comparison to those 
with normal glucose tolerance and in subjects with dia-
betic macrovascular complications compared to those 
without them. As for microvascular complications, it 
was found that serum Ang-2 concentration was sig-
nificantly higher among T2DM patients with diabetic 
retinopathy compared to diabetic patients free of this 
complication. Moreover, in an animal model, Ang-2 
mRNA expression was elevated in endothelial cells 
isolated from diabetic mice’s kidneys when compared 
to non-diabetic controls, which suggests its role in the 
development and progression of diabetic nephropa-
thy. Targeting molecular Ang-2 pathway may become  
a therapeutic aim, especially that anti-angiogenic ther-
apies are considered to be effective treatment methods 
in this field. (Clin Diabetol 2020; 9; 3: 201–204)
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Introduction
451 million people globally have diabetes, with 

the vast majority of them suffering from T2DM, and 
its prevalence is projected to reach 693 million people 
by the year 2045 [1]. Cardiovascular diseases (CVD) are 
the leading cause of death among patients with T2DM 
and diabetes reduces life expectancy curve by as much 
as ten years [2, 3]. The microvascular complications of 
diabetes are responsible for increased morbidity and 
diminished quality of life. Diabetic retinopathy became 
a leading cause of vision loss, diabetic nephropathy is 
a primary cause of end-stage renal disease, and the 
diabetic foot is the most often non-traumatic amputa-
tions of lower extremities [4, 5]. 

Endothelial dysfunction is an important factor 
involved in the pathogenesis of diabetes-related macro- 
and microangiopathies [6]. Angiogenesis and vascular 
remodeling are modulated by vascular growth factors, 
among others, angiopoietins with two major ones well 
characterized, which are angiopoietin-1 (Ang-1) and 
Ang-2 [7, 8]. 

Ang-2 is exclusively expressed in the endothelium 
cells, and both Ang-1 and Ang-2 bind to the receptor 
Tie-2 (tyrosine kinase with immunoglobulin and epider-
mal growth factor homology domains-2) with the same 
affinity [9, 10]. Ang-2 possesses the opposite physio-
logical properties to Ang-1. Ang-1 signaling through 
Tie-2 is responsible for endothelial wall stabilization and 
protects the endothelium from excessive activation by 
growth factors and cytokines [11], whereas the rapid 
release of Ang-2 from epithelium can prevent Ang-1 
from binding to the receptor and in this manner disrupt 
the protective Ang-1/Tie-2 signaling [8, 11, 12]. 

Expression of Ang-2 is influenced by inflammatory 
factors like thrombin [13] and conditions like hypoxia [13].  
There is some evidence for the association of elevated 
concentration of circulating Ang-2 with the incidence 
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of CVD [14] and cardiovascular mortality in the general 
population [15]. Dysfunction in angiogenesis has also 
been proposed as a common factor predisposing to 
vascular complications in diabetes [16].

Moreover, the selective increase in plasma Ang-2  
concentration may lead to neovascularization and 
endothelial abnormalities, which are linked to the 
pathophysiology of microvascular and atherosclerotic 
complications in T2DM [17]. In the study by Lim et al.  
it was proven for the first time that plasma Ang-2 con-
centration is elevated among patients with diabetes in 
comparison to the ones without glucose metabolism 
disorders [18]. 

The aim of this review article is to present scientific 
data related to Ang-2 and its association with micro- 
and macro- vascular complications in T2DM. 

Ang-2 and macroangiopathy 
Rasul et al. reported that subjects with diabetic 

macrovascular complications, in particular with the 
CVD, had higher serum Ang-2 concentration than those 
without these complications [19]. This was in line with 
previous in vitro study, proving that hyperglycemia may 
lead to an increase in Ang-2 concentration, causing 
increased myocardial apoptosis, increased infarction 
size, and impaired myocardial angiogenesis [20]. 

Li et al. [21] found that serum Ang-2 concentration 
is associated with angiopathy in T2DM, where it was 
significantly higher in patients with diabetic macro- 
and microvascular complications compared to patients 
without angiopathy. In this study, which included 32 
patients with macroangiopathy (cerebrovascular dis-
ease, heart disease, and peripheral arterial disease), 
and 52 patients with microangiopathy (diabetic ne-
phropathy, diabetic retinopathy, and diabetic peripheral 
neuropathy) serum Ang-2 concentration was positively 
correlated with HbA1c and HOMA-IR. It may implicate 
that Ang-2 is closely associated with insulin resistance, 
glucose metabolism disorders, and vascular complica-
tions in patients with T2DM. In the same study, it was 
also found that Ang-2 concentration was the highest 
among patients with macroangiopathy and the lowest 
in the group of T2DM patients without any vascular 
complications. The in-between values of Ang-2 con-
centration were found in the group of T2DM patients 
with microangiopathy. Besides, these authors suggest 
that hypothetically Ang-2 has exerted pro-angiogenic 
activity, and high Ang-2 blood concentrations may 
cause local inflammation, and in the consequence the 
vessels’ permeability may be increased [21]. 

Further, inflammation stimulates Ang-2 release and 
its binding to the Tie-2 receptor, therefore, promoting 
proinflammatory and prothrombotic pathways. The 

same authors performed a subsequent study involv-
ing a higher number of patients (240 participants vs. 
120 patients in the previous one) with diabetes and 
confirmed that serum Ang-2 concentration is positively 
correlated with the number of micro and macrovascular 
complications of T2DM [22].

Ang-2 and microangiopathy
Retinopathy

Diabetic retinopathy (DR) and diabetic macular 
edema (DME) have been, for years, thought to be the 
leading cause of blindness in the populations from the 
majority of developed countries [23]. Hyperglycemia 
leads to Ang-2 transcription, and this may lead to 
migration and apoptosis of retinal pericytes through 
Tie-2 activation. While searching for the probable 
explanation of this fact, one can use an animal model 
in which tested animals can be knocked out of spe-
cific genes. In order to explain this phenomenon, the 
Ang-2-deficient mice model was created, and retinal 
pericytes’ migration, and apoptosis were observed. 
This proves that the inhibition of Ang-2/Tie-2 could be 
a potential therapeutic intervention [24, 25]. 

One of the features of DR, which may cause DME 
and vision impairments is vascular leakage [26]. It has 
been previously reported that serum Ang-2 concentra-
tion is significantly higher among T2DM patients with 
DR, both non-proliferative and proliferative ones, in 
comparison to patients with diabetes but without DR 
[26]. On the basis of animal studies with streptozocin-
induced DR model, it was established that an increase 
in Ang-2 concentration was associated with vascular 
leakage, which can be blocked by intravitreal adminis-
tration of antibodies neutralizing Ang-2 [27]. 

A study by Campochiaro et al. performed in pa-
tients with diabetes and DME, has shown that the ad-
ministration of a vascular endothelial-protein tyrosine 
phosphatase, which promotes Tie-2 receptor activation 
(AKB-9778) for four weeks, caused DME reduction and 
vision improvement [28].

Nephropathy
Angiopoietins are important for glomerular capil-

laries in physiological conditions where they are re-
sponsible for blood flow regulation and permeability 
of the vascular wall. Imbalance of different growth 
factors, among others angiopoietins, promotes en-
dothelial dysfunction and has been linked to the early 
pathological changes in glomerular function in diabe-
tes, namely changes in blood flow and vascular wall’s 
permeability [12]. 

Based on the 8-week observation of rats with 
streptozocin-induced diabetes, the authors concluded 
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that diabetes was associated with a disproportionate 
increase in Ang-2 comparing to Ang-1, where Ang-1 
expression was reduced in the diabetic kidney after 
eight weeks of the experiment [29]. Similarly, only the 
Ang-2 mRNA level was elevated in whole glomeruli or 
glomerular endothelial cells isolated from diabetic mice 
when compared to non-diabetic counterparts, and no 
changes in relation to Ang-1 were observed [30]. 

Additionally, it was proven that high blood glucose 
concentration leads to the downregulation of Ang-1 
mRNA in high-glucose-treated podocytes in comparison 
to normal-glucose treated cells [31]. This information sup-
ports the hypothesis that Ang-2/Ang-1 may take part in 
diabetic glomerular disease onset and progression [32].

Also, studies performed in humans report the nega-
tive role of Ang-2 on glomerulus where Ang-2 mRNA 
expression was increased in glomeruli isolated from pa-
tients with diabetes comparing to specimens obtained 
from non-diabetic live donors and no difference was 
observed in Ang-1 expression [31]. Moreover, urinary 
Ang-2 concentration was increased in patients with 
T2DM and associated with albuminuria [33]. Besides, 
there is preliminary evidence that Ang-2 might be an 
independent predictor of adverse outcomes related to 
kidneys’ function in chronic kidney disease (CKD) in pa-
tients from general as well as diabetic population [34]. 

Especially relevant may be the information that el-
evated serum Ang-2 concentration is linked to systemic 
inflammation in patients with CKD and may predict mortal-
ity [35]. Additionally, plasma Ang-2 concentration has also 
been associated with arterial stiffness, which is known to 
be a risk predictor of cardiovascular mortality in T2DM [36].

Most recently, it has been proven that high serum 
Ang-2 concentration is independently associated with 
the increased risk of composite outcomes of either 
major adverse cardiac events (MACEs) or all-cause 
mortality in patients with diabetic nephropathy. The 
authors of this work suggest that serum Ang-2 could 
be a potential predictive factor for MACEs in patients 
with diabetic nephropathy at high risk of macrovascular 
complications [37].

Conclusion
Patients with diabetes are at risk of microvascular 

and macrovascular complications [38]. Ang-2 is essen-
tial for endothelial physiology and plays an important 
role in vascular-related diseases as it regulates endothe-
lial permeability and angiogenesis. A selective increase 
in circulating Ang-2 concentration may favor abnormal 
neovascularization and endothelial disruption, which 
are linked to both microvascular and atherosclerotic 
vascular complications in T2DM [17, 39]. Ang-2 plays  
a role in vascular diseases, and perhaps targeting  

Ang/Tie signaling pathway may become a therapeutic 
approach because anti-angiogenic therapies are con-
sidered to be effective treatment methods in this field, 
especially in relation to microvascular complications 
of diabetes.
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