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Abstract
Diabetes mellitus is one of the most potent independent 
risk factors for the development of diabetic cerebral 
vascular disease (CVD). Many evidences suggested that 
hyperglycemia caused excess free fatty acids, the loss 
of endothelium-derived nitric oxide, insulin resistance, 
the prothrombotic state, endothelial dysfunction, 
the abnormal release of endothelial vasoactivators, 

vascular smooth muscle dysfunction, oxidative stress, 
and the downregulation of miRs participated in vessel 
generation and recovery as well as the balance of 
endotheliocytes. In turn, these abnormalities, mainly via  
phosphatidylinositol 3 kinase, mitogen-activated protein 
kinase, polyol, hexosamine, protein kinase C activation, 
and increased generation of advanced glycosylation end 
products pathway, play an important role in inducing 
diabetic CVD complication. A deeper comprehension 
of pathogenesis producing diabetic CVD could offer 
base for developing new therapeutic ways preventing 
diabetic CVD complications, therefore, in the paper we 
mainly reviewed present information about the possible 
pathogenesis of diabetic CVD complication.
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Core tip: A better understanding pathogenesis of 
diabetic cerebral vascular disease (CVD) could provide 
the basis for developing novel therapeutic strategies 
against diabetic CVD complication. Our article highlights 
the pathogenesis as some promising options to prevent 
CVD complications in diabetes, including metabolic and 
vascular changes and main pathways are involved in 
diabetic CVD complication.
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INTRODUCTION
Diabetic mellitus (DM) is a chronic disease leading to a 
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fault of  insulin due to pancreas dysfunction, which causes 
hyperglycemia with metabolic imbalances in carbohydrate, 
fat and protein[1]. Morbidities of  DM significantly elevate 
in late decades, which are primarily due to alter in life style, 
an elevation in the incidence of  obesity and longevity. 
Current projections estimate that the number of  people 
with DM will nearly double by 2025[2,3].

About 100 million populations suffer from DM in the 
world[4], Among them, five to ten percent are type 1 DM 
of  insulin dependence and ninety to ninety-five percent 
are type 2 DM (T2MD) of  non insulin dependence. 
The current evidences demonstrated that morbidities 
of  T2MD would increase owing to life styles leading to 
obesity[5]. T2DM is a very common disease, which has an 
asymptomatic period between the actual onset of  diabetic 
hyperglycemia and clinical diagnosis. This stage has been 
evaluated to sustain at the fewest 4-7 years, and 30%-50% 
patients of  T2DM are still unknown. This leads to the 
development of  chronic complications of  diabetes, which 
remain the chief  problems in diabetic care, and which 
cause a lack of  fitness to work, disability, and premature 
death[6,7]. 

Among the chronic complications of  diabetes, 
the vasculopathy is the first serious complication. The 
vasculopathy related to DM was traditionally divided 
into two major parts. Firstly, diabetic complications 
associated micrangium including retina, nephridium and 
neural system lesion; secondly, the atherothrombotic 
complications related to macro-arteries like myocardial 
infarction, hypertension, peripheral artery lesion[8]. 

DM is one of  the well known risk factor for cere-
brovascular accident [9,10]. Prolonged untreated DM 
contributes to micrangium lesion, hypoxic and ischemic 
damages of  tissues, which elevates the danger of  
apoplexy and aggravates cerebral lesion caused by blood 
insufficiency[10,11]. Its incidence in DM patients is 2-6 times 
more than non DM[12-14] and ultimately its complications 
and subsequent prevalence is higher yet. Patients demo-
nstrate a progressive atherosclerosis in cerebral arteries 
and increased a vascular reaction to vascular constrictors, 
a deregulated reaction to vascular dilators and damaged 
automatic regulation of  brain blood stream. Changed 
endothelium function of  small arteries and a damaged 
vascular motor function of  resistance vessel can lead to 
change mediation of  local blood stream and deficient 
perfusion of  tissue in diabetic patients[10,15,16].

Many studies[8,17-19] stress the strong link between 
the cerebral vascular disease (CVD) complications and 
DM and describe a close association between CVD 
microvascular complications and DM, suggest that excess 
free fatty acids (FFAs), the loss of  endothelium-derived 
nitric oxide (NO), insulin resistance, the prothrombotic 
state, endothelial dysfunction, the abnormal release 
of  endothelial vasoactivators, vascular smooth muscle 
(VSM) dysfunction, oxidative stress and the miRs 
downregulation participated in vessel generation, vessel 
recovery as well as endothelium balance generate diabetic 
CVD complications by these major mechanisms of  
phosphatidylinositol 3 kinase, mitogen-activated protein 

kinase, polyol, hexosamine, generation of  advanced 
glycosylation end products (AGEs) and protein kinase C 
(PKC) pathways activation[20,21]. The aim of  this review 
is to review the possible pathogenesis of  diabetic CVD 
complication.

SUPERFLUOUS FREE FATTY ACIDS 
DM facilitates lipolysis, reduces uptaking of  skeletal 
muscle, which result in superfluous concentrations of  
FFAs. Moreover, elevates the flux of  FFAs into liver 
causes the stimulation of  triglycerides synthesis, assembly 
and secretion of  very low-density lipoprotein (VLDL) 
particles. Hypertriglyceridemia and the decreased high-
density lipoprotein (HDL) cholesterin as the trans-
portation of  cholesterin from HDL to VLDL have been 
determined to be strongly relative to atherosclerosis. 
It also is likely that FFAs generation promotes reactive 
oxygen species (ROS) and PKC. PKC elevation and 
phosphatidylinositol 3 kinase (PI3-K) downregulation may 
cause endothelial impairment. 

Recycling concentrations of  FFAs rise in DM because 
of  the superfluous releasion derived from adipose tissue 
as well as the reducing uptake of  skeletal muscle[22-24]. 
FFAs can damage endothelial function via a series of  
mechanisms such as elevating oxygen-mediated free 
radicals generation, PKC activation and dyslipidemia 
aggravation[25-27]. FFAs levels increase activates PKC, 
reduces insulin receptor substrate-1 associated PI3-K 
activity[25,28]. Increased triglyceride levels decreases HDL 
through facilitating cholesterin transportation from HDL 
to VLDL[29]. These disturbances alter LDL configuration, 
elevating the quantity of  the more LDL of  small density 
contributing to atherosclerosis[30,31]. Hypertriglyceridemia 
and decreased HDL are suggested to be relative to 
endothelial dysfunction[21,32-34].

THE LOSS OF ENDOTHELIUM-DERIVED 
NITRIC OXIDE 
Endothelial and vascular smooth muscle cells (VSMCs) 
dysfunction and an inclination of  thrombus formation 
result in atherogenesis as well as the relative complications. 
Because endothelial cells (ECs) mediate the vascular 
function and structure, they take on an important anato-
mical location on interaction of  circulatory blood and 
vascular wall. In normal conditions, ECs active substances, 
synthesize and release vascular activators to preserve vessel 
balance, to ensure a normal blood stream and nutritious 
transportation while avoiding thrombus formation as well 
as white blood cell permeation[35]. One of  key molecules 
produced by ECs is NO, it is generated by an endothelial 
NO synthase (eNOS) via a 5 electrons oxidation of  the 
guanidine nitrogen terminal of  L-arginine[36]. 

The NO biologic availability is a vital element in vessel 
abnormality, which results in vascular dilation activated 
guanylyl cyclase in VSMCs[36]. Furthermore, NO prevents 
vascellum from internal lesion like atherogenesis-mediated 
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molecule signal that stops platelet and leukocyte interacting 
with vessel wall and inhibits VSMCs proliferation and 
migration[37,38]. Contrarily, ECs reduction-mediated NO 
induces elevated pro-inflammatory transcription factor 
nuclear factor kappa B (NFκB) activity which causes a 
leukocyte adhesion molecules expression, chemokines as 
well as cytokines generation[39]. The effects facilitate mono 
cells and VSMCs to migrate into the internal membrane 
and macrophage foam cells formation, producing an early 
morphologic alteration of  atherogenesis[39-43]. Disorder 
of  endothelium function such as damaged endothelium 
dependent and NO-derived relaxation is identified in cell 
and animal studies of  DM[21,44-47].

INSULIN RESISTANCE 
Insulin resistance is another vital pathogenesis that exerts 
a major effect on the diabetic CVD complication. Insulin 
exerts effects by two pathways including PI3-K and 
mitogen-activated protein kinase (MAPK). Insulin signal 
producing by PI3-K has effects of  anti-proliferative and 
anti-coagulant, the effects activated by MAPK have a 
proatherogenic function. On base of  insulin resistance, 
although the first pathway is damaged, the second pathway 
maintains intact. Therefore, the decrease endothelial 
dependent vasodilatation as well as increase mitosis effects 
is a key result[48,49].

Insulin resistance also critically takes part in vascular 
dysfunction in patients with T2DM[50]. In fact, the 
reduction of  PI3-K/Akt pathway causes eNOS depression, 
decreases NO generation[51]. Combining with decreasing 
NO synthesis, intracellular oxidization of  stored FFAs 
produces ROS contributing to vascular inflammation, 
AGEs synthesis, inhibited PGI2 synthase activity, and PKC 
activation[51,52].

Rised ROS concentrations closely related with insulin 
resistance remove NO generation, generate peroxynitrite 
accompanying with a more decrease of  NO biologic 
availability. Decreased cell concentrations of  NO activate 
pro-inflammatory pathways promoted by increasing 
cytokine generation. In fact, TNF-α and IL-1 facilitate 
NFκB activity and adhesion molecules expression. 
TNF-α also induces C reactive protein expression which 
lowers the regulation of  eNOS and elevates adhesion 
molecules and endothelin-1 (ET-1) generation[50,53]. 

Adipokines associated with vasculopathy are leptin, 
adipocyte fatty acid-binding protein, interleukins, lipocalin-2 
and pigment epithelium- derived factor, which could 
produce disorders of  vessel function through increasing 
proliferation and migration of  smooth muscle cells 
(SMCs), eNOS depression, and NFκB signaling activation 
accompanied with adhesion molecule expression and 
atherogenesis[54].

PROTHROMbOTIC STATE 
Damaged fibrinolysis, as a result of  enhancing generation 
of  PAI-1 and excessive activity of  platelet result from of  

glycoprotein Ⅱb/Ⅲa superfluous expression and excessive 
production of  thromboxane A2 in DM. Furthermore, DM 
rises concentrations of  Ⅶ, Ⅷ factor as well as thrombin-
antithrombin compounds[48,55-57]. Haemostasis chaos 
elevates the risk of  cerebral thrombosis.

Abnormality of  platelet function as well as elevation 
of  both glycoprotein Ib and Ⅱb/Ⅲa expression in DM 
augment interaction between platelet-von Willebrand factor 
(vWF) and platelet-fibrin[58]. The internal-cellular platelet 
glucose level responses the external-cellular circumstance, 
is relative to increasing superoxide anion (O2-) generation 
as well as PKC activity, reduced platelet mediated NO[59]. 
High blood glucose more alters hematoblastic functions 
through damaging calcium balance, thus changes platelet 
activation and aggregation such as platelet construct and 
mediators release[60]. In DM, plasm coagulate factors Ⅶ, 
thrombin and impairment-dependent coagulate elements 
such as tissue factor (TF) elevated, and endogenic anti-
coagulate factors like thrombomodulin as well as protein 
C reduced[61-63]. In addition, the generation of  plasminogen 
activator inhibitor-1 (PAI-1), a fibrinolysis inhibitor 
elevated[64-66]. Therefore, a inclination of  hematoblastic 
activating and aggregating accompanied with coagulate 
propensity is associated with a danger of  thrombus 
formation complicated plaque burst.

Diabetic CVD largely results from an abnormality of  
elements participated in activation of  coagulate factors 
and hematoblast[67]. Insulin resistance, high blood glucose 
involve in the nosogenesis of  the prothrombotic status[68]. 
Insulin resistance rises PAI-1 and fibrinogen, decreases 
levels of  tissue plasminogen activator. Hyperinsulinemia 
elevates TF expression in monocytes of  T2DM contri-
buting to increase TF procoagulant activity and thrombin 
production[69]. Low level of  inflammation also leads TF 
expression in vessel endothelial cells of  DM patients, and 
results in atherothrombosis[68,69]. 

Platelet hyperreactivity is one of  major relations in 
elements leading to DM prothrombotic status[70]. A lot 
of  mechanisms leaded to platelet dysfunction affect the 
adhesive, activated and aggregative stages of  hema-
toblast induced thrombus formation. High blood 
glucose changes hematoblast calcium ion homeostasis 
contributing to a abnormality of  cellular constructure, 
elevates the production of  pro-aggregant elements[58]. 
Furthermore, the increase production of  glycoproteins Ib 
and Ⅱb/Ⅲa in DM subjects contributes to thrombosis 
through interacting with vWF and fibrin.

In DM, the elevation of  glucose levels contributes to 
the activation of  PKC, down-regulates the production of  
platelet derived NO, rises the formation of  O2-[59], and also 
triggers the disorder of  calcium homeostasis in platelets[60]. 
The abnormal calcium regulation may significantly lead 
to disordered activity, because the intraplatelet calcium 
mediates a shape change, secretion, aggregation and 
thromboxane formation of  platelet. Their disorders 
may cause by decreasing endothelial generation of  the 
antiaggregants NO and prostacyclin, increasing generation 
of  fibrinogen, and increasing generation of  platelet 
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endothelium dysfunction as well as elevated thrombus 
production are extremely susceptible to generating 
thrombotic occlusive events at brain circle for this type of  
DM[20]. 

Mechanisms of  the endothelial dysfunction encompass 
elevating polyol pathway flux, changed cell redox status, 
increasing generation of  diacylglycerol, specific PKC 
isoforms activation, and exacerbated non-enzymatic 
production of  AGEs. A lot of  pathways promote the 
generation of  oxidative and nitrosative mediated oxidants 
and free radicals like O2- and peroxynitrite, exerting a 
important effect in the mechanism of  the DM-relative 
endothelial dysfunction. The cellular sources of  ROS 
like O2- are diverse and encompass AGEs, NADH, 
NADPH oxidases, mitochondrial respiratory chain, 
xanthine oxidase, arachidonic acid cascade, and microsomal 
enzymes[77-82]. The oxygen and nitrogen stress mediated by 
hyperglycemia results in DNA-lesion as well as succedent 
poly (ADP-ribose) polymerase (PARP) activation[83]. The 
endothelial dysfunction progression was related to a 
concurrent NAD+ and NADPH loss in vascular systems, 
PARP depression inversed their alterations. Endothelium 
dysfunction in DM is relied on a PARP-derived, inverse 
cell NADPH insufficient[83,84]. 

A mono layer of  ECs is seated in the internal mem-
brane of  all vascellum, which offers a metabolically active 
interactive spot between blood and vessels regulating blood 
influx, nutritious transport, coagulation and thrombosis, 
and leukocyte diapedesis[85]. ECs synthetize a lot of  
key bioactive substances, such as ROS, prostaglandin, 
endothelin as well as angiotensin Ⅱ, which modulates 
vascular effect and structure. Moreover, it diminishes 
platelet activation, inhibits inflammation by decreasing 
leukocyte adhesion to endothelium and migrating into 
the vascular wall, and reduces VSMCs proliferation and 
migration[38,86,87]. In general, these characters prevent 
atherogenesis and protect the vascular vessel.

DM damages endothelium dependent vasodilation 
prior to the generation of  atheroma[88,89]. Many of  
fundamental mechanisms lead to the lower bioavailability 
of  vasoactivators in DM. Hyperglycemia diminishes 
generation of  NO by inhibiting the activation of  eNOS 
synthase and elevating the generation of  ROS, particularly 
O2-, in endothelial and VSMCs[78]. 

Insulin resistance contributes to excessive release of  
FFAs from adipose tissue[90], activating the signal enzyme 
PKC, depressing PI3-K, and increasing the generation 
of  ROS-mechanisms[27]. Generation of  peroxynitrite 
decreases synthetizing the vessel dilatory and antiplatelet 
prostanoid prostacyclin[91]. The increased levels of  FFAs 
in DM trigger the production of  oxidized low-density 
lipoproteins (Ox-LDL), including vital initiating events 
for atherosclerosis. Ox-LDL can impair ECs and increase 
adhesion molecules expression like P-selectin[92] and 
chemotactic factors like monocyte chemoattractant 
protein-1, macrophage colony stimulating factor[93,94] and 
thus lead to endothelial dysfunction in DM[78,95]. 

activators like thrombin and vWF[58]. In general, diabetic 
disorders elevate the activation of  platelet and depress 
internal depressors of  platelet activity.

DM increases a blood coagulability which makes it 
more likely that atherosclerotic plaque rupture or erosion 
will lead to the thrombotic occlusion of  artery. T2DM has 
damaged fibrinolytic capacity owing to increasing levels 
of  PAI-1 in atherogenetic damage and nonateromatous 
artery[71]. DM elevates the TF (a forceful procoagulant) 
expression and plasm coagulate elements like factor 
Ⅶ, reduces contents of  internal anti-coagulate factors 
like antithrombin Ⅲ and protein C[62,63,72]. A number of  
these disorders are associated with the occurrence of  
hyperglycemia and proinsulin split products[73]. Therefore, 
DM increases a tendency of  coagulation accompanying 
with damaging fibrinolysis, facilitates the formation and 
persistence of  thrombi.

ENDOTHELIAL DYSFUNCTION
The endothelium is an organ composing of  a mono 
cell layer arraying the intimal surface of  the vasculature, 
serving as a paclose between blood and tissues. The 
normal paracrine and autocrine functions of  endothelial 
cells include the synthesis of  a series of  substances that 
moderate vascular relaxation, mediate local inflammation, 
depress leucocyte migration and affect platelet activation. 

Endothelial dysfunction consists of  many abnor-
malities, encompassing changed vasomotor activity, 
VSMC dysfunction, excess generation of  inflammatory 
cytokines and chemokines, damaged platelet function 
and abnormal coagulation, which contribute to elevating 
vasoconstriction, inflammation and thrombosis[74].

The endothelium in DM is more frail in producing 
atherosclerotic plaques compared with the endothelium 
of  non DM. A series of  mechanisms may lead to the 
elevated risk of  generating atherosclerotic plaques in 
DM. The abnormal cluster of  hyperglycemia, increased 
FFAs and insulin resistance in DM, targeting the 
endothelial cell, causing oxidative stress and endothelial 
dysfunction[75]. The endothelial dysfunction leads to a 
defective endothelium dependent vasorelaxation and 
vasoconstriction, a migration of  monocytes, a VSMCs 
transport into internal membrane as well as a generation 
of  macrophage foam cells, which trigger an atherogenesis 
production. As far as ET-1, besides a vascular constrictive 
function, which has the function of  proinflammation, 
mitogenesis and proliferation yet[48,76]. 

Hyperglycemia, elevated FFAs as well as insulin 
resistance exert through a usual pathogenesis characterized 
by rising ROS generation (Especially O2-), subsequently 
result in damaging endothelial dependent NO induced 
relaxation. Elevated ET-1 generation and VSMCs 
proliferation also lead to endothelium dysfunction. Hy-
pertriglyceridemia, consequent atherogenesis and platelet 
hyperactivity as well as diminished fibrinolysis and 
hypercoagulability are features of  vessel circumstances in 
DM. In general, an initial and progressive atherogenesis, 

57 February 15, 2015|Volume 6|Issue 1|WJD|www.wjgnet.com

Xu RS. Pathogenesis of diabetic cerebral vascular disease



AbNORMAL RELEASE OF ENDOTHELIAL 
VASOACTIVATORS
Hyperglycemia rises the cyclooxygenase-2 mRNA 
expression in DM. Endothelin could be especially 
associated with the pathophysiology of  vasculopathy 
in DM, because endothelin triggers inflammatory 
reaction, results in VSMCs contraction and growth[95]. 
The abnormalities of  endothelium associated factors 
or vasoactivators generation consisting of  vascular 
oxidative stress[96], inflammatory factors, NO, prostanoids 
(prostacyclin), ET-1, angiotensin Ⅱ (ANG-Ⅱ), tissue-
type plasminogen activator (t-PA), PAI-1, vWF, adhesion 
molecules such as vascular cell adhesion molecule (VCAM) 
leukocyte adhesion molecules, intercellular adhesion 
molecule (ICAM) as well as cytokines[97]. These vascular 
activated factors contribute to elevating vascular tone, 
resulting in microvascular and macrovascular impairment 
and apoptosis of  microvascular cells, consequently 
contributing to DM associated vascular complications[97]. 
In lots of  pathological conditions, the abnormal balance 
of  these regulatory mediators causes the onset and process 
of  vascular endothelial dysfunction[98]. Vascular endothelial 
dysfunction elevates effects of  leukocyte, smooth muscle 
proliferation, vascular constriction, damaged coagulating, 
vessel inflammation, thrombus generation, and athero-
genesis, these mechanisms are the base of  later DM 
complications like retinopathy, nephropathy, vasculopathy 
as well as neuropathy[99]. ET-1 is a forceful vasoconstrictor 
generated by ECs. The generation and the level of  ET-1 
in plasma elevated in DM patients, and it is reported a 
positive correlation between plasm ET-1 concentrations 
and the micro-vessel lesion of  DM. Therefore, ET-1 could 
exert a possible key effect on endothelial dysfunction by 
a disorder between ECs mediated vascular dilator and 
vascular constrictor factors on mechanisms of  the vessel 
complication in DM[100]. Besides its direct vasoconstrictor 
functions, elevated levels of  ET-1 may lead to endothelial 
dysfunction via generating a series of  vascular active 
substances consisting of  ROS, NO and inflammatory 
factors[101-103].

CGRP is a key mediator of  ET-1 vasoconstriction. 
The elevation of  CGRP expression leads an abnormal 
balance in the CGRP/ET-1 ratio, inducing abnormal 
vascular constriction to result in topical endothelial 
dysfunction as well as vessel impairment[104,105]. VCAM-1 is 
one of  key ECs receptors, mediating leukocyte adhesion 
to the vascular ECs. Current studied results have highly 
proposed that VCAM-1 might exert a key effect on 
mechanisms of  atherosclerosis on account of  VCAM-1 
effects on leukocyte adhesion and transmigration is key 
as well as its expression is upregulated in the initial phases 
of  neogenetic atheroma plaques[106]. Moreover, VCAM-
1expression is upregulated by pro-inflammatory stimuli 
like TNF-α and IL-1β, is least partially mediated by 
NFκB[107]. The expression of  VCAM-1 is upregulated 
in vessel stress circumstances like insulin resistance and 
chronic high blood glucose yet. In the circumstance, 

the elevation in the activity of  VCAM-1 expression is 
found yet[108,109]. Besides binding leukocytes, VCAM-1 
engagement leads to leukocyte transendothelial migration 
(TEM) via inducing gap formation between cells in the 
endothelial monolayer, facilitating TEM[110]. The gap 
formation is moderated by VCAM-1[111,112]. VCAM-1 
accumulation elevates the internal cellular free calcium 
level yet[111]. Therefore, the expression of  VCAM-1 rises 
the permeability of  vascular endothelium as well as the 
TEM of  leukocyte, leads to the impairment of  vessel 
and abnormal endothelial function, as well as mediates 
atherogenesis production. The ICAM-1 expression in 
ECs is risen in atherogenesis and in the animal model 
of  atherogenesis[113,114]. In normal conditions, ICAM-1 
is presented in low concentrations in ECs, however 
ICAM-1 is significantly elevated while stimulating by 
pro-inflammatory factors such as the pro-inflammatory 
cytokines TNF-α, IL-1β as well as interferon-γ[114]. Soluble 
ICAM-1 may mediate leukocyte adhesion, migration. 
Promoting leukocyte to attach to the ECs surface isn’t the 
only effect of  ICAM-1. Effect of  ICAM-1 mediates signal 
in ECs, rises the IL-8 generation, facilitates the ICAM-1 
and c-fos expression. It is likely that pro-inflammatory 
IL-8 and c-fos activated by ICAM-1 facilitates a positive 
feedback loop, contributing to excessive ICAM-1 and 
VCAM-1 expression and thus initiating the persistent 
recruitment of  leukocytes to regions of  atherosclerosis, 
facilitating the progress of  atherogenesis through producing 
pro-inflammatory stimuli through indirect or direct 
endothelial dysfunction[115-117].

P-selectin is mediated by pro-inflammatory stimuli 
stored in internal cellular vesicles of  ECs combined with 
the plasm membrane being responsible to many stimuli 
like ischemia and chronic high blood glucose yet[118]. 
On some conditions, P-selectin translocation to the 
endothelial cell surface is modulated by a ROS-dependent 
mechanism. P-selectin accumulation rises cytosol free 
Ca2+, mediates changes of  cell morphology, facilitating 
endothelial dysfunction to ultimately generate vessel 
impairment[119-121]. 

VCAM-1, ICAM-1, P-selectin exert a key effect on 
vascular integrity and permeability through endothelial 
dysfunction[122]. Increased concentrations of  soluble EAM 
could be one of  the common causes for the pathogenesis 
of  between atherogenetic CVD and endothelial dys-
function[122]. The adhesive molecule expression in ECs 
facilitates the adhesion and transportation of  leukocytes 
into the sub-endothelial space, consequently contributing to 
abnormal endothelial function and sub-endothelial structure 
alteration[123]. Elevated vessel permeability owing to 
structure changes can then decrease insulin transportation 
to insulin sensitive peripheral tissues, ultimately form 
insulin resistance. In addition, insulin resistance may directly 
contribute to endothelial dysfunction[124]. The investigation 
in non-diabetic subjects have proposed that lightly damaged 
glucose tolerance in the normal glycemic range may 
facilitate the process of  endothelial dysfunction through 
side effects of  oxidative stress, generation of  AGEs, and 
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increased concentrations of  FFAs[125].
Vascular endothelial dysfunction may be prior to 

the development of  insulin resistance, which results 
from a decrease of  insulin sensitivity, generates a vicious 
cycle[126-128]. Our studied results provided the further 
evidences that endothelial dysfunction exerts a causal role 
in the pathogenesis of  CVD in T2DM, and also highlights 
new insights into the possible clinical value of  endothelial 
function in CVD of  T2DM. The pathophysiologic 
mechanisms of  CVD in T2DM could be relative to an 
abnormal expressive balance of  ET-1, CGRP, VCAM-1, 
ICAM-1 and P-selectin, causing endothelial dysfunction 
via a series of  chemical factors like ROS, NO and 
inflammatory factors. Alternatively, we speculated that 
emotion, cerebral splanchno-motor and neuroendocrine 
center could participate in the mechanisms of  CVD 
in T2MD through changes of  ET-1, CGRP, VCAM-1, 
ICAM-1 and P-selectin expression, but further researches 
need to be warranted[129].

VASCULAR SMOOTH MUSCLE 
DYSFUNCTION
The changes in vascular homeostasis owing to the 
dysfunction of  ECs and SMCs are the primary characters 
of  diabetic vascular diseases, which are favor of  a pro-
inflammatory or thrombotic status, finally contributing 
to artery thrombus formation. The diabetic affect on 
vascular function isn’t confined to ECs. The abnormal 
regulation of  VSM function is accelerated through 
damaging the sympathetic nervous system function[130]. 
DM rises PKC activity, NFκB and oxygen free radicals 
generation in VSM, which is similar to the effects in 
ECs[131]. Furthermore, DM elevates the migration of  
VSMCs into early atherosclerotic impairment, replicating 
and generating external cellular matrix key process in 
later impairment production[132]. VSMCs apoptosis during 
atherogenetic impairment is rised yet, so that DM patients 
are apt to have fewer VSMCs in impairment, increasing 
the tendency of  plaque rupture. In DM, the cytokine 
generation reduces VSM synthesis of  collagen and elevates 
generation of  matrix metalloproteinases, producing 
an elevated propensity for plaque destabilization and 
rupture[133].

DM promotes the VSMCs atherogenic activity. 
Hyperglycemia stimulates PKC, receptor for AGEs and 
NFκB in VSMCs, which is similar in ECs. Promotion of  
these systems increases generation of  O2-, which leading 
to the oxidant gathering circumstances[27]. VSMCs are 
indispensable in the progression of  atherosclerosis. In 
case the formation of  the macrophage abundant fatty 
streak, VSMCs in the middle layer of  the arteries migrate 
into the early intimal impairment, replicate and generate 
a complicate extracellular matrix vital process in the 
development formed atherosclerotic plaque. VSMCs 
heighten the atheroma by way of  the collagen source, 
which makes it less possibly to rupture and results in 
thrombosis. In fact, the impairments that have disrupted 

and resulted in fatal thrombosis are inclined to have 
few VSMCs[134]. Hyperglycemic lipid modifications of  
LDL may partially modulate the risen migration and 
the following apoptosis of  VSMCs in atherosclerosis 
impairment. LDL that has suffered nonenzymatic glycation 
promotes VSMCs migration, while oxidized glycated 
LDL can promote apoptosis of  VSMCs[135]. Therefore, 
DM changes VSMCs function through facilitating 
atherosclerotic lesion formation, plaque instability[68].

OXIDATIVE STRESS 
The generation of  ROS is severely controlled in normal 
cells, but excessive generation at the condition of  
metabolized disorder contributes to cell lesions. O2-. and 
NO are correspondingly nonvalent, however, while the 
both are combined they produce highly active peroxynitrites 
that impairs and diminishes protein and lipid. Moreover, 
O2-. and NO can impair the iron sulfur center of  enzyme 
and other protein, releasing iron atom and thus depressing 
enzyme and protein activity. There are a number of  key 
proteins that are highly sensitive to the type of  inhibition 
such as complexes Ⅰ-Ⅲ in the electron transfer chain, 
aconitase in the trichloroacetic acid cycle as well as biotin 
synthase[136,137].

The production of  lipid, protein and nucleic acid com-
pounds participates in lots of  complicated chain reactions 
in ways of  a series of  biological substrates containing 
reactive methylene groups. Intermediate productions in 
these chain reactions can have very strongly oxidative 
effects, thus cell lesion can be comprehensive[138,139]. 
Lipids locate in plasm, mitochondria and endoplasmic 
reticulum membranes are main attacked objects of  
ROS and peroxidation. Terminal productions of  lipid 
peroxidation like lipid peroxides can be toxic to cells, 
require to be resolved by glutathione. In the same way, 
proteins and nucleic acids can be suffered by peroxidation 
and nitrosylation. The terminal products aren’t commonly 
directly toxic to cells, the gather of  inactive proteins can 
excessively increase the ability of  cells to recycle them, 
DNA impairment is known to promote the pathogenesis 
of  apoptosis. 

Diabetic CVD complications are majorly owing to 
a prolonged exposure of  hyperglycemia[140]. The early 
trigger high glucose levels change vessel function is 
the disorder between NO bio-availability and gather 
of  ROS, contributing to endothelial dysfunction. In 
fact, high blood glucose mediated production of  O2- 
inactivates NO to generate peroxynitrite (ONOO-), a 
forceful oxidant, it easily pass through phospholipid 
membranes, causes substrate nitration[21]. Hyperglycemia 
mediated ROS generation promotes a series of  cellular 
mechanisms such as polyol and hexosamine flux, 
AGEs, PKC activation and NFκB induced vascular 
inflammation[52,141]. One of  the major resources of  ROS 
in the condition of  high blood glucose is represented 
by PKC and its downstream subjects. The circumstance 
of  high blood glucose promotes a chronic increase of  

59 February 15, 2015|Volume 6|Issue 1|WJD|www.wjgnet.com

Xu RS. Pathogenesis of diabetic cerebral vascular disease



diacyglycerol concentrations in ECs accompanying the 
following membrane translocation of  conventional 
and nonconventional PKC isoforms. In case activated, 
PKC would be responsible for different structure and 
functions alterations in vascular systems such as changes 
in permeability, inflammation, angiogenesis, growth, 
external cell matrix expansion and apoptosis of  cells[142]. 
A key result of  PKC activation is ROS production. 
Hyperglycemia mediated the PKC activation rises 
superoxide generation by NADPH oxidase in vascular 
ECs[27]. PKC also contributes to elevated generation of  
ET-1, which is favor of  vasoconstricting and platelet 
aggregating[142]. 

In the vascular wall, the generation of  PKC-depended 
ROS takes part in the atherogenetic progression via 
promoting vessel inflammation yet[52,143]. ROS contributes 
to upregulation and nuclear translocation of  NFκB 
subunit p65, thus, the transcription of  pro-inflammatory 
genes encodes for monocyte chemoattractant protein-1 
(MCP-1), selectins, VCAM-1, and ICAM-1. The latter 
event promotes the adhesion of  monocytes to vascular 
endothelial cells, rolls and exudes in the subendothelium 
accompanying the following production of  foam cells. 
The production of  IL-1 and TNF-α derived from a 
active macrophage keeps elevation of  adhesion molecule 
through augmenting NFκB signal in the endothelial cell 
and also stimulates SMCs growth and proliferation[144]. 

Endothelial dysfunction in DM is the subsequence 
of  damaged NO availability and the risen synthesis of  
vascular constrictor and prostanoid[144]. The up-regulation 
of  PKC induced cyclooxygenase-2 (COX-2) is related to an 
elevation of  thromboxane A2 as well as a downregulation 
of  prostacyclin (PGI2) release[145]. The data speculate that 
PKC is upstream signaling molecules which affect vessel 
balance at the condition of  hyperglycemia[145]. Production 
of  AGEs contributes to cell disorders by triggering of  a 
AGEs receptor (RAGE) activation[146,147]. AGE-RAGE 
signal conversely promotes ROS-sensitive biochemical 
pathways like the hexosamine flux[52]. At the circumstance 
of  hyperglycemia, an elevated flux of  fructose-6-phosphate 
promotes a series of  reactions leading different glycosilated 
patterns being responsible for down-regulation of  enzymes 
involved in vessel balance. Especially, OglcNAcylation at 
the Akt site of  eNOS protein contributes to decreasing 
eNOS activities and ECs disorders[52,148]. Furthermore, 
transcription factors glycosylation results in upregulation 
of  inflammation (TGFα, TGFβ1) and prothrombus genes 
(PAI-1)[148,149]. Hyperglycemia mediated ROS generation 
promotes the polyol pathway flux participated in vessel 
redox stress yet[141,150]. Therefore, hyperactivation of  the 
pathway is relative to elevated atherogenetic damages in a 
DM mouse[151,152].

AbNORMALITY OF MIRS PARTICIPATE 
IN ANgIOgENESIS, VASCULAR REPAIR 
AND ENDOTHELIAL HOMEOSTASIS
MicroRNAs (miRs) are a currently found one type of  
small no coding RNAs known as important effects on 

mechanisms of  high blood glucose mediated vessel 
lesion[153,154]. The small no coded RNAs mediate many 
aspects of  DM vasculopathy through moderating gene 
expression at the posttranscriptional time. DM shows a 
obvious abnormality of  miRs participated in angiogenesis, 
vascular repair and endothelial homeostasis[155]. When 
ECs are exposed to prolonged hyperglycemia, miR-320 
is largely expressed and triggers a series of  angiogenic 
factors and their receptors such as vascular endothelial 
growth factor and insulin like growth factor-1 (IGF-1). 
Increased expression of  the miR is relative to decreasing 
cellular proliferation and migration. When the miR 
decrease recoveries the characters and elevates IGF-1 
expression, facilitating angiogenesis and vascular repair[156].

High blood glucose also elevates the miR-221 
expression, a mediator of  angiogenesis for c-kit receptor is 
associated with migrating as well as homing of  endothelial 
progenitor cells (EPCs)[157]. miR-221 and 222 were 
identified to induced AGE mediated vessel lesion yet[157]. 
In fact, the decrease of  miR-222 expression in human 
ECs exposed to hyperglycemia and in a DM mouse 
results in AGE associated ECs disorders through targeted, 
cyclin depended kinase proteins participated in cellular 
cycle depression (P27KIP1 and P57KIP2)[157]. A current 
research revealed that miR-503 severely participated in 
high blood glucose mediated endothelial dysfunction in 
a DM mouse, is elevated in muscles of  ischemia limbs in 
DM patients[158]. The pernicious function of  miR-503 at 
the condition of  DM has been identified by the interaction 
with CCNE and cdc25A, which are key mediators of  cell 
cycle process influencing the migration and proliferation 
of  ECs. It is interesting that miR-503 depression can 
actualize the normalization of  post-ischemic novel 
vascularization and blood stream repairs in a DM mouse. 
The studied results offer a base to predict protective 
effects on regulating miR-503 expression against DM 
vasculopathy. 

Assay of  plasm miR demonstrated a largely decrease 
of  miR-126 in a cohort of  DM patients[155]. Current 
studied results propose that down-regulation of  miR-126 
expression is in part responsible for damaging vascular 
recovery capacities in DM[159,160]. The expression of  miR-126 
decreases in EPCs isolated from DM and transfection using 
anti-miR-126 diminished the proliferation and migration 
of  EPCs[159,160]. By comparison, the recovered expression 
of  miR-126 facilitated EPCs associated a recovery capacity 
and depressed apoptosis. The miR-126 effect in EPCs 
is regulated by Spred-1, an inhibitor of  Ras/ERK signal 
pathway, a key mediator of  cellular cycles. In general, the 
findings provide further evidences that miRs promotes a 
series of  complicated signaling network through triggering 
the genes expression participated in the differentiation, 
migration as well as survival of  cell[161].

In summary, many factors affect the diabetic CVD 
complication, which are summaried in the Figure 1 of  
diagrammatic sketch. Such factors will promote optimal 
understanding of  the pathogenesis of  the diabetic 
CVD complication and lead to the identification of  the 
specific preventive therapy. Ultimately, the knowledge 
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gained from these previous studies can be used to obtain 
the potential drug for preventing the diabetic CVD 
complication.
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