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Abstract
The mini review is depicted a role of vascular endothelial 

growth factor (VEGF) family members in strategy of clinical outcome 
suggesting among patients with acute ST segment elevation 
myocardial infarction (STEMI). Recent studies have shown that high 
levels of circulating VEGF in STEMI may characterize patients with 
extensive intracoronary thrombosis, as well as it could associate 
with favorable clinical outcomes. Although there was evidence about 
embedding of VEGF-A in a regulation of angiogenesis and vasodilation, 
pre-clinical and clinical studies have shown an ability of VEGF-A to 
up-regulate an expression of cell adhesion molecules, permeability, 
and inflammation in vascular wall. Yet, exon 8 of VEGF-A gene is 
involved in the alternate splicing that determines whether the VEGF-A 
proteins are pro-angiogenic isoform or antiangiogenic isoform of 
VEGF-A. Moreover, anti-angiogenic potency of VEGF-A165b isoform 
can influence on developing of adverse cardiac remodeling and plaque 
rupture. In the review is reported that predictive value of VEGF family 
member predominantly VEGF-A needs to be investigated in future, 
because there are several controversial in interpretation of changes 
in VEGF levels in STEMI.
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Introduction
Vascular endothelial growth factor-A (VEGF-A) is defined as 

important angiogenic factor, which was found to be up-regulated 
in acute ST segment elevation myocardial infarction (STEMI) [1]. 
Circulating VEGF levels in patients with STEMI were significantly 
higher than in healthy volunteers and it has been demonstrated 
dramatically decreasing after successful reperfusion with 
percutaneous coronary intervention [2]. Although VEGF-A 
mediated angiogenesis and vasodilation, it was able to promote 
expression of cell adhesion molecules, such as E-selectin, 
intercellular adhesion molecule-1, and vascular cell adhesion 
molecule-1 VCAM-1 in surface of endothelial cells, and up-

regulated permeability, pro-coagulant activity and inflammation 
of microvasculature [3]. Overall, there are serious controversies 
in the interpretation of VEGF dynamic in SEMI. The aim of the 
mini review is discuss the controversial role of VEGF family 
members in prediction of clinical outcomes in STEMI patients.

VEGF: definition

Vascular endothelial growth factor is determined as a family 
name of manifold factors contributing to angiopoetic effects [4]. In 
human VEGF-A, -B, -C, D- and placental growth factor (PGF) were 
identified [5], while other type of VEGF, such as VEGF-E was also 
determined in the skin ushering in the Para poxvirus stimulation 
[6] and VEGF-F was isolated from Trimeresurus flavoviridis snake 
venom [7]. The main characteristics of VEGFs are reported in Table 
1. Noted, all members of VEGF family mediate their biological 
effect via three types of VEGF receptors (VEGFR-1, VEGFR-1-2 
and VEGFR-1–3), which sufficiently distinguished each other 
in appropriate co-receptors, neuropilins, and compounds of 
heparin sulfate proteoglycans [8]. The main trigger for VEGF-A 
production is hypoxia, which promotes synthesis of hypoxia-
induced factor-alpha and thereby stimulate releasing of VEGF-A. 
VEGF-A triggers a migration of mononuclear / macrophages 
and induces angiogenesis / neovascularization, and vascular 
permeability [9]. Angiopoetic effect of VEGF-A associates with 
promoting endothelial progenitor cell proliferation, migration, 
and survival that leads to accelerating repair after injury. 
Therefore, VEGF-A stimulates functional activity of monocytes, 
fibroblasts and mesenchymal stromal cells. Additionally, exon 8 of 
VEGF-A gene is involved in the alternate splicing that determines 
whether the VEGF-A proteins are pro-angiogenic isoform or 
antiangiogenic isoform of VEGF-A [10]. VEGF-B and VEGF-C 
were found as specific promoters for embryonal angiogenesis as 
well as lymphangiogenesis and neurogenesis respectively [11-
13]. VEGF-D is reported as a trigger for NO release, promoter of 
capillary-like tube formation and proliferation of endothelial cells 
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[14]. Placental growth factor (PlGF) is expressed in target cells 
during wound healing and mediates recruitment and migrating 
endothelial cells, keratinocytes and as well as monocyte [15]. 
Viral-expressed VEGF-E enhanced neo-epidermal thickness and 
wound re-epithelialization through increasing of the number of 
endothelial cells and blood vessels after binding with VEGFR-2 
[16]. Unlike VEGF-A, VEGF-E did not promote expression and 
activity of matrix metalloproteinase (MMP)-2 and MMP-9, while 
increased expression of some anti-inflammatory cytokines, such 
interleukin (IL)-10, and reduced macrophage/mononuclear 
infiltration and myofibroblast differentiation in wounded skin 
[17].

Expression of VEGF-A after myocardial infarction

Previous studies have shown that vascular density begins 
steadily to increase immediately after myocardial infarction, 
peaks up at 7 day and then appears to be declined gradually [4, 
18, 19]. Although peak levels of VEGF-A mRNA were found at the 
border zone in 2 hours after developing of myocardial infarction, 
there was a mishmash between VEGF-A mRNA expression and 
VEGF-A production. Noted, VEGF-A production in myocardial 
infarction was persistently suppressed for 12 hours, while over-
expressed VEGF-A mRNA was determined for 2 days after event. 

Interestingly, the expression of VEGF-A both and VEGFR-1/-2 
remained unchanged in the non-infracted myocardium [20]. 
In fact, the hemodynamic parameters measured serially in 
peripheral blood were closely related to VEGF-A levels [18]. 
Therefore, lowered levels of VEGF-A can relate to altered 
angiogenesis in border zone around of necrotic core shaped after 
myocardial infarction and thereby mediate extension of the zone 
through inadequate blood flow reserve [20, 21]. Additionally, 
impaired angiogenesis, exaggeratory inflammatory and fibrotic 
responses due to deficiency of VEGF-A production plays pivotal 
role in worsening cardiac repair and scar tissue formation 
lading to adverse cardiac remodeling [22]. Apparently, hypoxia 
in border zone has to be a trigger for VEGF-A over-production, 
and extension of this zone could associated with lower levels of 
VEGF-A in circulation and VEGF-A mRNA in tissue, while clinical 
studies regarding developing of adverse cardiac remodeling 
after myocardial infarction have revealed controversial results, 
which are being poorly explained traditional approaches toward 
angiopoetic capacities of VEGF family members. Indeed, on the 
one hand, activating the VEGF signal cascade associated with 
increasing vascular permeability, disrupting endothelial tight 
junctions, promoting tissue edema, inducing thrombus formation, 
and inflammation. On the other hand, VEGF system activation 
leaded to hypocoagulation, angiogenesis, and neovascularization.

Table 1: Molecular targets and biological effects of the members of VEGF family 

Type of VEGF Receptors Pattern of receptor 
specificity Molecular effects in target cells Biological effects

VEGF-A VEGFR-1 (Flt-1), 
VEGFR-2 (KDR/Flk-1) ↑

↑chemotaxis for mononuclears, ↑vasodilation, 
↑capillary permeability, ↑ αVβ3 integrin 

activity, ↑ mitosis and migration of endothelial 
progenitor cells, ↑ survival of endothelial 

cells, ↑ chemotaxis of monocytes, ↑ functional 
activity of fibroblasts and mesenchymal 

stromal cells, ↑ methane mono oxygenase 
activity and MMP

Inducing and supporting 
angiogenesis / neo 

vascularization, maintain 
of tissue repair 

VEGF-B VEGFR-1 ↑↑↑

↑ mitosis and migration of endothelial 
progenitor cells, ↑ survival of endothelial cells, 
↑monocyte migration, ↑inflammatory cytokine 

production

Mediating embryonal 
angiogenesis

VEGF-C VEGFR-3 ↑↑ ↑ mitosis, differentiation, migration and 
survival of endothelial progenitor cells

Promoting lymph 
angiogenesis and 

neurogenesis

VEGF-D VEGFR-3 ↑↑↑
↑ mitosis, differentiation, migration and 
survival of endothelial progenitor cells, Developing lymphatic 

vessels in lungs

VEGF-E VEGFR-3 ↑↑
↑inflammation and fibrosis, ↑ mitosis and 

differentiation of keratinocyte, fibroblasts and 
mononuclears 

Promoting keratinocyte 
function, epidermal 

regeneration, re-
epithelization and scar 

tissue formation

VEGF-F VEGFR-3 ↑↑ ↑inflammatory cytokine production, ↑ hypo 
coagulation and vascular permeability

Triggering oedema and 
vascular permeability

PIGF VEGFR-1 ↑↑ ↑monocyte migration, ↑inflammatory cytokine 
production, Inducing angiogenesis 
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VEGF-A levels as predictor of clinical outcomes after 
myocardial infarction

Lowered levels of VEGF-A, VEGF-B and PlGF were recently 
emerged as a predictor of survival and cardiovascular risk in 
myocardial infarction patients [23-25], while increased levels 
of VEGF-A was found as predictor of intraluminal thrombi 
[25]. Interestingly, the main source for VEGF releasing after 
myocardial infarction is not fully verified. For instance, activated 
mononuclears were able to produce VEGF in border zone of 
infarction, on contrary, platelets were main source for VEGF 
releasing in the coronary artery wall [25]. Moreover, there were 
several mishmashes between angiographic figures, hemodynamic 
parameters after reperfusion and VEGF levels in peripheral blood. 
In fact, after acute ST segment elevation myocardial infarction 
(STEMI) increased circulating VEGF-A levels could reflect rather 
extending intracoronary thrombosis than adverse cardiac 
remodeling with poor clinical prognosis in follow-up. Recently it 
has turn out that clinical outcomes in patients after myocardial 
infarction with adverse cardiac remodeling associated with 
impaired ration between pro-angiogenic and angiogenic isoforms 
of VEGF-A [26, 27]. Moreover, the complexity and severity of 
coronary atherosclerosis and shaping of vulnerable atheroma 
related to predominantly increased expression of anti-angiogenic 
VEGF-A165b isoform in plaque and in circulation [27, 28]. Thus, 
circulating levels of VEGF-A165b are altered after myocardial 
infarction and might reflect the extent of cardiac damage. Probably, 
anti-angiogenic isoforms of VEGF-A can suppress migration 
differentiation and survival of endothelial progenitor cells, which 
are central players in endogenous vascular repair system [29]. 
Yet, it can suggest that pro-angiogenic and angiogenic isoforms of 
VEGF-B / VEGF-C could exist, because proximal / distal splicing is 
common for each member of the VEGF family. Otherwise it is so 
hard to explain that results of the ANOX Study. Indeed, in VEGF-C 
levels were significantly and inversely associated with all-cause 
death and cardiovascular death, but not with major adverse 
cardiovascular events (MACE) and cardiac remodeling [30]. 
Taking into consideration of origin of VEGF-C, MACEs have to be 
close related to concentration of the biomarker. Thus, changes in 
VEGF-C levels could reflect other causes related to outcomes in 
acute STEMI, for example, no-reflow phenomenon, intracoronary 
thrombosis, microvascular inflammation with further re-
occlusion. In this context, large clinical trials are required to clear 
explain the possible role of VEGF family members in prediction of 
clinical outcomes in STEMI.

Conclusion 
High levels of circulating VEGF in STEMI may characterize 

either patients with extensive intracoronary thrombosis, else 
with favorable clinical outcomes. Therefore, anti-angiogenic 
potency of VEGF-A165b isoform can influence on developing of 
adverse cardiac remodeling and plaque rupture. In this context, 
predictive value of VEGF family member predominantly VEGF-A, 
VEGF-C and PlGF needs to be investigated in future, because there 
are several controversial in interpretation of changes in VEGF 
levels after STEMI. 
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