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Summary 
To compare circulating pigment epithelium derived factor (PEDF) 
levels in type 2 diabetes patients (T2D) with and without 
metabolic syndrome (MetS+/-) to healthy controls and assess 
PEDF association with plasminogen activator inhibitor-1 (PAI-1) 
and von Willebrand factor (vWF) as markers of endothelial 
dysfunction. Fifty T2D individuals and forty healthy controls were 
included. PEDF, PAI-1, vWF, anthropological parameters, lipids, 
and markers of insulin resistance were investigated in all 
subjects. Compared to controls only MetS+ diabetics had higher 
PEDF levels [14.2 (10.2-16.0) mg/l vs. 11.1 (8.6-14.4) mg/l; 
p<0.05]. PEDF significantly correlated: positively with body mass 
index (ρ=0.25), smoking (ρ=0.21), C-reactive protein (ρ=0.22), 
triglycerides (ρ=0.38), non-HDL-cholesterol (ρ=0.39), 
apolipoprotein B (ρ=0.38), fasting glucose (ρ=0.22), glycated 
hemoglobin (ρ=0.24), C-peptide (ρ=0.28), insulin (ρ=0.26); and 
negatively with HDL-cholesterol (ρ=-0.42) and apolipoprotein A1 
(ρ=-0.27). Independent association of PEDF with vWF in 
T2DMetS- subjects was found. Significantly elevated PEDF in 
T2DMet+ patients and its association with adverse metabolic 
profile confirmed PEDF as a marker of insulin resistance. 
Negative independent association of PEDF with vWF in T2DMetS- 
patients may reveal its angio-protective role. 
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Introduction 
 

Pigment epithelium derived factor (PEDF) 
belongs to the most abundantly secreted adipokines, its 
circulating levels in plasma are comparable with 
adiponectin concentrations (Famulla et al. 2011). It was 
first identified as a neurotrophic factor produced by the 
human retinal pigment epithelial cells (Tombran-Tink et 
al. 1991). Later, its angio-inhibitory affects by regulating 
the vascular endothelial growth factor receptor 1 
proteolysis was found (Cai et al. 2006, Yamagishi et al. 
2018). These properties made it a promising candidate for 
treatment of diabetic retinopathy and neuropathy 
(Yamagishi et al. 2018, Elahy et al. 2014). The role of 
PEDF in diabetic cardiovascular (CV) changes is rather 
controversial. Firstly, it has been suggested to have 
a protective effect in atherogenesis because of its  
anti-inflammatory, anti-oxidant and anti-thrombotic 
properties in the arterial walls and platelets. Due to these 
anti-atherothrombotic activities, some authors even 
suggested PEDF substitution as a novel therapeutic 
strategy for atherothrombosis (Rychli et al. 2009, 
Yamagishi et al. 2010). Although these observations 
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suggest that PEDF could play a protective role against 
cardiovascular (CV) disease by acting as an inhibitor of 
plaque angiogenesis, its therapeutic application should be 
with caution because PEDF may suppress endothelium 
repair within the atherosclerotic lesions or collateral 
formation following myocardial ischemia (Yamagishi et 
al. 2018). However, PEDF inhibited growth, migration 
and proliferation of smooth muscle cells and its 
administration suppressed oxidative stress generation and 
apoptotic cell death around the infarcted areas, which was 
associated with attenuated myocardial fibrosis in  
non-infarcted areas. Further, PEDF treatment improved 
left ventricular ejection fraction, ameliorated diastolic 
dysfunction, and inhibited the increase in left ventricular 
mass index after myocardial infarction in rats (Ueda et al. 
2011, Zhang et al. 2015). 

Circulating levels of PEDF are elevated in 
various metabolic disorders, such as type 2 diabetes 
mellitus (T2D), obesity, metabolic syndrome (MetS) and 
polycystic ovarian syndrome, and positively correlate 
with cardio-metabolic risk factors and markers of insulin 
resistance (Famulla et al. 2011, Yamagishi et al. 2018). 
Impaired fatty acid oxidation and glucose uptake, 
increased synthesis of inflammatory mediators, 
mitochondrial dysfunction, enhanced lipolysis and 
ectopic lipid deposition have been suggested as potential 
PEDF-mediated mechanisms leading to the development 
of insulin resistance (Carnagarin et al. 2015, Crowe et al. 
2009). On the contrary, compared with control mice, 
PEDF-deficient mice were obese and insulin resistant and 
intraperitoneal injection of PEDF for 4 weeks improved 
fasting hyperglycemia and ameliorated impaired hepatic 
insulin signaling pathways in PEDF-knockout mice 
(Gattu et al. 2014). These observations suggest that 
PEDF might improve the metabolic derangements and 
insulin resistance partly by suppressing oxidative stress 
generation and/or inflammatory reactions in the adipose 
tissue and liver (Yamagishi et al. 2018). PEDF may also 
ameliorate insulin resistance by restoring the decreased 
level of adiponectin partly via blockade of the deleterious 
effects of advanced glycation end products (AGEs) on 
adipocytes (Maeda et al. 2011). Therefore, effects of 
PEDF on insulin resistance, glucose tolerance, and 
adiposity may differ, depending on cell type and culture 
conditions, animal species, and experimental models 
(Yamagishi et al. 2018, Lakeland et al. 2014). 

Diabetes mellitus is a major risk factor for 
CV diseases, which are the most common cause of death 
among adults with diabetes. The metabolic syndrome 

(MetS) is associated with a 2-fold increase in risk for 
CV diseases and CV mortality (Mottillo et al. 2010). 
Visceral obesity, hypertension and dyslipidemia – the 
other components of MetS – dramatically increase 
CV risk in patients with diabetes. Data from the Third 
National Health and Nutrition Examination Survey 
(NHANES III) in adults aged 50 years or older indicated 
that the prevalence of coronary heart disease (CHD) was 
greatest in individuals with MetS and diabetes. 
CHD prevalence was 19.2 % in individuals with both 
MetS and diabetes, 13.9 % in those with MetS but not 
diabetes, and only 7.5 % in those with diabetes but not 
MetS (Ginsberg et al. 2009). Patients with the MetS 
(Coffey et al. 2011, Mertens et al. 2006, Wei et al. 2013) 
and T2D (Yarmolinsky et al. 2016) have higher levels of 
plasminogen activator inhibitor-1 (PAI-1), a factor known 
to increase the risk of cardiovascular disease. Some 
authors also found higher levels of von Willebrand factor 
(vWF) in subjects with the MetS (Wei et al. 2013, Lim et 
al. 2004) or T2D (Chen et al. 1995), especially in patients 
with diabetic nephropathy (Hirano et al. 2000, Parving et 
al. 1996). Whereas serum vWF levels were not elevated 
in diabetic patients without diabetic nephropathy (Hirano 
et al. 2000, Parving et al. 1996), patients with prediabetes 
(Genc et al. 2012), or dyslipidemic subjects without 
atherosclerosis manifestation (Karasek et al. 2011). 
A little is known about relation between PEDF and  
PAI-1, there is no information about PEDF may act 
through vWF influence. 

Based on these facts we could hypothesize, that 
circulating PEDF levels should be higher in patients with 
T2D and they may be related to mentioned prothrombotic 
markers. The aim of this study was to compare 
circulating levels of PEDF in T2D patients (with and 
without MetS) to healthy controls; especially we focused 
on association between PEDF and PAI-1 or vWF in these 
subjects. 
 
Methods 
 

The study was undertaken as a cross-sectional 
study with T2D patients and healthy controls in 
accordance with the principles of the Declaration of 
Helsinki as revised in 2008. It was reviewed and 
approved by Ethics Committee of Medical Faculty and 
University Hospital Olomouc and informed consent was 
obtained from all participants. They were asked about 
their previous medical history, especially cardiovascular 
status, medication, diabetic complications, and duration. 



2019 Association of PEDF With vWF and PAI-1 in Type 2 Diabetes    411  
 

Body mass index (BMI), waist circumference, systolic 
and diastolic blood pressure (SBP and DBP), complete 
physical examination, and laboratory tests were also 
performed. Exclusion criteria were as follows: type 1 
diabetes, secondary or genetic type of diabetes, 
anticoagulant therapy, acute infection, or trauma. 
Diabetes was defined as fasting plasma glucose 
≥7 mmol/l or using of peroral antidiabetic drugs (PADs) 
and/or insulin. 
 
Subjects 

Fifty individuals with T2D (23 men, 27 women; 
age=51.3±11.7) and 40 healthy controls (15 men, 
25 women; age=48.8±9.5) with no medication were 
included into the study. All patients with diabetes were 
treated by insulin and/or PADs. Insulin was administered 
in 77 % of them, 96 % were treated by PADs. The most 
commonly used PAD was metformin (86 %), then 
incretins (glucagon-like peptide 1 receptor agonists or 
dipeptidyl peptidase-4 inhibitors – 36 %), gliflozins 
(16 %), and sulfonylurea’s (6 %). 66 % percent T2D 
subjects were treated by hypolipidemic drugs and 82 % 
by antihypertensive therapy. There were 20 % smokers in 
the T2D group and 15 % in the control group. Diabetics 
were divided into two groups: with (T2D MetS+: n=30; 
11 men, 19 women; age=49.5±9.1) and without (T2D 
MetS-: n=20; 12 men, 8 women; age=53.8±14.5) MetS. 
A diagnosis of MetS was based on harmonized definition 
(Alberti et al. 2009) with values for waist circumference 
suggested by Adult Treatment Panel III. The presence of 
any three of five risk factors constituted a diagnosis of 
MetS: 1) waist circumference ˃102 cm in men or ˃88 cm 
in women; 2) triglycerides (TG) levels ≥1.7 mmol/l (or 
drug treatment for elevated TG); 3) high density 
lipoprotein cholesterol (HDL-C) levels <1.0 mmol/l in 
men or <1.3 mmol/l in women (or drug treatment for 
decreased HDL-C); 4) SBP≥130 and/or DBP≥85 mm Hg 
(or specific antihypertensive treatment); 5) and fasting 
glucose ≥5.6 mmol/l (or specific antidiabetic treatment). 
 
Laboratory analyses 

Venous blood samples were drawn in the 
morning after a 12-h fast. For assessment of hemostatic 
markers, venous blood was collected into 3.8 % sodium 
citrate tubes and plasma was obtained after 
centrifugation. Routine serum biochemical parameters 
(levels of cholesterol, TG, apolipoproteins, glucose, 
glycated hemoglobin, C-reactive protein) were analyzed 
on Cobas 8000 (Roche, Mannheim, Germany) on the day 

of blood collection. Concentrations of PEDF were 
measured in the sample aliquots stored at -80 °C, no 
longer than 6 months. Other special analytes (insulin,  
C-peptide, PAI-1, vWF) were stored at -20 °C, no longer 
than 1 month. 

Total cholesterol (TC), TG and HDL-C were 
determined enzymatically on Cobas 8000 system (Roche, 
Mannheim, Germany). Determination of HDL-C was 
realized by a direct method without precipitation of 
apolipoprotein B (apoB) containing lipoproteins. Low 
density lipoprotein cholesterol (LDL-C) was calculated 
using Friedewald formula (LDL-C = TC - TG*0.4537 - 
HDL-C for TG<4.5 mmol/l). Non-HDL-cholesterol was 
calculated as follows: non-HDL-C = TC - HDL-C. 
Glucose was determined using hexokinase method 
(Roche, Basel, Switzerland). Concentration of apoB and 
apolipoprotein A1 (apoA1) was determined 
immunoturbidimetrically on Cobas 8000 analyzer 
(TinaQuant Apo A1, TinaQuant Apo B kits, all Roche, 
Mannheim, Germany). Glycated hemoglobin levels 
(HbA1C) were measured by ion exchange 
chromatography using Arkray Adams HA-8180V 
analyzer (Arkray Corporation, Kyoto, Japan). High 
sensitive C-reactive protein (hs-CRP) was assessed by 
means of an ultra-sensitive latex immunoturbidimetric 
method (CRP latex TinaQuant kit; Roche). Insulin and  
C-peptide were determined by the commercially available 
kits (Immunotech, Marseille, France) using specific 
antibodies by the IRMA methods. 

Von Willebrand factor (immunoturbidimetric 
assay Instrumentation Laboratory Spa, Milan, Italy) and 
plasminogen activator inhibitor-1 (ELISA, Technoclone, 
Vienna, Austria) were examined from human plasma. 
Pigment epithelium derived factor was assessed by PEDF 
Human ELISA kit (Biovendor Laboratory Medicine Inc., 
Brno, Czech Republic), according to the manufacturer's 
instructions. There are more details for this kit: assay 
sensitivity: 0.045 ng/ml; specificity: antibodies used in 
this ELISA kit are specific for human PEDF;  
cross-reactivity mammalian serum sample: yes for cat, 
and monkey, no for bovine, dog, goat, hamster, horse, 
mouse, pig, rabbit, rat, and sheep; intra-assay precision: 
CV 3.73 % (mean 6.61 μg/ml); inter-assay precision: 
CV 5.9 % (mean 3.32 μg/ml). 
 
Statistical analysis 

All values were expressed as means ± standard 
deviation (SD), or as median (1st-3rd quartile of values) 
for parameters with non-normal distribution according to 
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the Shapiro-Wilk’s test. Fisher exact test for categorical 
variables and t-test for continuous variables were used. 
Differences in variables between the groups were 
analyzed with ANOVA after the adjustment for age. 
Spearman correlation analyses tested univariate 
correlations between parameters in all groups. 
Multivariate regression analyses were used for testing for 
an independent association between dependent and 
independent variables. Non-normally distributed 
variables were logarithmically transformed before 
analyses. Probability values of p<0.05 were considered as 
statistically significant. 
 
Results 
 
Basic characteristics, endothelial hemostatic markers 
(Table 1) 

Compared to healthy controls T2D patients were 
obese. Higher waist circumference was detected even in 
diabetics without MetS. Probably, due to antihypertensive 
therapy (in 82 % of T2D patients) there were no 
differences in SBP or DBP within the groups. Although 
66 % of diabetics were treated by hypolipidemic drugs, 
subjects with MetS still showed signs of atherogenic 
dyslipidemia (lower HDL-C and apoA1, higher TG and 
apoB). Levels of HbA1C, insulin and C-peptide were of 
course higher in T2D patients. There were no  
statistical differences in diabetes duration (6.9±6.5 vs.  
7.2±6.2 years – n.s.), in antidiabetic treatment (insulin 
77 % vs. 80 % – n.s., metformin 90 % vs. 80 % – n.s., 
incretins 40 % vs. 30 % – n.s., gliflozins 20 % vs. 13 % – 
n.s., and sulfonylurea’s 10 % vs. 3 % – n.s.), in 
microvascular (53 % vs. 55 % – n.s.) or macrovascular 
(13 % vs. 10 % – n.s.) complications between MetS+ and 
MetS- groups. 
 
Pigment epithelium derived factor, its relationship to 
assessed parameters 

Figure 1 shows circulating PEDF levels in 
individual groups. Only T2D patients with MetS had 
higher PEDF compared to healthy controls [14.2 (10.2-
16.0) mg/l vs. 11.1 (8.6-14.4) mg/l; p<0.05], whereas 
PEDF levels in diabetics without MetS did not differ 
from control group [11.7 (9.2-14.2) mg/l vs. 11.1  
(8.6-14.4) mg/l; n.s.]. In all subjects PEDF significantly 
(p<0.05) correlated: positively with BMI (ρ=0.25), 
smoking (ρ=0.21), hs-CRP (ρ=0.22), TG (ρ=0.38),  
non-HDL-C (ρ=0.39), apoB (ρ=0.38), fasting glucose 
(ρ=0.22), glycated hemoglobin (ρ=0.24), C-peptide 

(ρ=0.28) and insulin (ρ=0.26); negatively with HDL-C 
(ρ=-0.42) and apoA1 (ρ=-0.27). In T2D patients with 
MetS PEDF correlated positively only with non-HDL-C 
(ρ=0.39), and negatively with HDL-C (ρ=-0.54), whereas 
in subjects without MetS there were positive correlations 
with smoking (ρ=0.43), C-peptide (ρ=0.50) and 
a negative correlation of PEDF with vWF (ρ=-0.46). 
Significant correlations of PEDF with PAI-1 were not 
observed. In multiple linear regression analysis of factors 
significantly correlated with vWF in T2DMetS- group 
(age: ρ=0.55, BMI: ρ=0.57, DBP: ρ=-0.48, smoking: 
ρ=0.46, and PEDF: ρ=-0.46) vWF was independently 
associated with PEDF (Table 2). 
 
Discussion 
 

Among T2D patients only individuals with MetS 
had significantly higher circulating levels of PEDF. They 
were associated with adverse metabolic profile, especially 
with signs of atherogenic dyslipidemia, worse glycemic 
compensation, hyperinsulinemia, obesity, chronic 
inflammation and smoking. Only in the group of T2D 
subjects without MetS a significant correlation between 
PEDF and vWF levels was found. They were 
independently associated with PEDF. Statistically 
significant association between PEDF and PAI-1 was not 
observed in any group of study participants. 

Increased circulating PEDF levels in subjects 
with MetS and their association with adverse metabolic 
profile have been already observed (Yamagishi et al. 
2018). Yamagishi et al. (2006) also found that serum 
PEDF levels adjusted for age-, sex-, and uric acid were 
increased in proportion to the number of MetS 
components. Many researchers have reported the positive 
correlation between PEDF and cardiometabolic risk 
factors, such as waist-to-hip ratio, waist circumference, 
homeostasis model of assessment of insulin resistance 
(HOMA), TG, and reduced HDL-C levels in patients with 
obesity, MetS or T2D (Yamagishi et al. 2018). In patients 
with impaired fasting glucose or T2D, PEDF 
concentrations were associated with HOMA, BMI, and 
decreased HDL-C, and after niacin therapy, HDL-C 
levels were an independent determinant of PEDF in these 
patients (Pek et al. 2013). Furthermore, waist 
circumference, TG, creatinine, and tumor necrosis  
factor-α (TNF-α) were independently correlated with 
PEDF in T2D patients (Nakamura et al. 2009). 
Longitudinal changes in circulating PEDF levels during 
the 1-year observational periods were positively 
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associated with BMI. Therefore, serum PEDF levels may 
represent a biomarker of insulin resistance and/or visceral 
obesity in humans, although the pathophysiological role 

of PEDF in insulin resistance is rather controversial 
(Yamagishi et al. 2018). 

 
 
Table 1. Basic clinical and laboratory characteristics, endothelial hemostatic markers in individual groups. 
 

 
T2D group 

(n=50) 
T2D MetS+ group 

(n=30) 
T2D MetS- group 

(n=20) 
Healthy controls 

(n=40) 

Age (years) 51.3±11.7* 49.5±11.9 53.7±14.5* 48.8±9.5 
Men/Women 23/27 11/19 12/8 15/25 
BMI (kg/m2) 30.6 (26.7-36.1)*** 35.6 (31.2-37.5)*** 26.4 (24.9-29.4)* 23.0 (21.1-25.9) 
Waist (cm) 103.0 (98.1-118.8)*** 119.0 (110.5-123.3)*** 99.1 (95.0-101.4)*** 78.2 (72.3-87.9) 
SBP (mm Hg) 129.5±15.4 128.9±13.7 130.5±17.8 125.0±12.9 
DBP (mm Hg) 80.9±8.7* 80.1±7.6 82.0±10.7* 76.9±9.1 
TC (mmol/l) 4.8±1.4 5.0±1.7 4.6±0.9* 5.0±0.8 
LDL-C (mmol/l) 2.5±0.8 2.7±0.7 2.2±0.9* 2.7±0.9 
HDL-C (mmol/l) 1.2±0.4*** 1.0±0.3*** 1.5±0.3* 1.8±0.6 
non-HDL-C (mmol/l) 3.6±1.5 4.0±1.8 3.1±0.9 3.2±1.1 
TG (mmol/l) 1.8 (1.3-2.3)* 2.3 (1.8-3.0)* 1.1 (0.9-1.7) 0.9 (0.7-1.3) 
ApoB (g/l) 1.0±0.3 1.1±0.2 0.9±0.2 0.9±0.2 
ApoA1 (g/l) 1.4±0.3*** 1.3±0.2*** 1.6±0.2 1.8±0.4 
HbA1c (mmol/mol) 61.0 (45.5-76.5)*** 58.5 (47.8-83.2)*** 62.0 (42.9-71.8) *** 32.0 (29.7-34.5) 
Insulin (mIU/l) 21.1 (12.1-42.3)*** 20.8 (13.0-43.1)*** 21.9 (8.1-31.6)*** 6.1 (4.4-6.9) 
C-peptide (pmol/l) 780.0 (605.4-1,047.8)*** 790.1 (615.0-974.0)*** 765.6 (591.0-1,098.6)*** 452.5 (348.0-590.8) 
hs-CRP (mg/l) 3.1 (1.3-5.3)*** 4.9 (2.9-10.4)*** 1.2 (0.6-2.5) 1.1 (0.6-2.5) 
PAI-1 (μg/l) 80.9 (56.3-117.6)*** 86.4 (68.0-125.7)*** 60.7 (21.9-103.4)* 39.0 (29.1-57.4) 
vWF (%) 170.5 (107.7-195.0)* 185.0 (107.1-202.6)* 158.4 (135.2-186.4) 118.0 (93.4-166.0) 

 
T2D=all type 2 diabetes individuals; T2DMetS+=T2D individuals with metabolic syndrome; T2DMetS-=T2D individuals without 
metabolic syndrome; BMI=body mass index; SBP=systolic blood pressure; DBP=diastolic blood pressure; TC=total cholesterol;  
LDL-C=LDL cholesterol; HDL-C=HDL cholesterol; non-HDL-C=non-HDL cholesterol; TG=triglycerides; apoB=apolipoprotein B; 
apoA1=apolipoprotein A1; HbA1c=glycated hemoglobin A1c; hs-CRP=high sensitive C-reactive protein; PAI-1=plasminogen activator 
inhibitor-1, vWF=von Willebrand factor. Values are expressed as median (25 and 75 percentile). * p<0.05, ** p<0.01, *** p<0.001, 
that means levels of statistical significant differences between T2D and control groups according to ANOVA (after adjustment for age), 
t-test (for age only) or Fischer exact test (for sex only). 
 
 

 

Fig. 1. Levels of pigment 
epithelium derived factor in 
individual groups. T2D=all type 2 
diabetes individuals; T2DMetS+= 
T2D individuals with metabolic 
syndrome; T2DMetS-=T2D indivi-
duals without metabolic syndrome; 
values are expressed as median 
and interquartile range. 
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Table 2. Multiple linear regression analysis of independent factors affecting von Willebrand factor in T2DMetS- group, R2=0.973. 
 

 Regression coefficient Standard error p-value 

Age 0.431 0.168 0.021 
BMI 5.090 1.021 <0.001 
DBP -0.307 0.361 0.407 
smoking 0.028 0.067 0.677 
PEDF -4.265 1.066 0.001 

 
T2DMetS-=type 2 diabetes individuals without metabolic syndrome; BMI=body mass index; DBP=diastolic blood pressure; 
PEDF=pigment endothelium derived factor. 
 
 

There is some controversy about PEDF in 
vascular involvement too. In two cross-sectional studies 
independent positive associations of PEDF with 
subclinical markers of atherosclerosis (carotid and/or 
brachial intima-media thickness) (Tahara et al. 2011, 
Kajikawa et al. 2016), and with vascular inflammation 
within the atherosclerotic plaques (Tahara et al. 2011), 
and a negative association with nitroglycerin-induced 
vasodilation were found (Kajikawa et al. 2016). Authors 
suggest that PEDF may be a factor directly associated 
with atherosclerosis or may be at least a new biochemical 
marker of atherosclerosis (Tahara et al. 2011, Kajikawa 
et al. 2016). However, due to cross-sectional design of 
these studies there are questions of whether elevation of 
PEDF was a cause or consequence of impaired vascular 
function, inflammation and atherosclerosis and whether 
PEDF levels are not elevated as a compensatory counter-
system to attenuate the inflammation and atherosclerosis. 
Liu et al. (2014) reported that plasma levels of PEDF 
were decreased in patients with acute coronary syndrome 
relative to control subjects, and lower PEDF values could 
predict future adverse CV events in these patients. 
Recently Li et al. (2018) observed significantly lower 
PEDF levels in CHD patients than in healthy subjects and 
a negative correlation between PEDF levels and severity 
of CHD in Chinese population. There are many studies 
verifying athero- and cardio-protective properties of 
PEDF (Yamagishi et al. 2018). 

On the contrary, there are only a few data on the 
impact of PEDF on endothelial hemostatic markers. 
PEDF administration is able to reduce PAI-1 activity and 
ADP-induced platelet aggregation in rats (Yamagishi et 
al. 2009) and to suppress PAI-1 gene expression in the rat 
diabetic kidneys (Ishibashi 2016). Thus, PEDF anti-
hemostatic effects may be caused at least in part by 
suppressing PAI-1 and platelet aggregation (Yamagishi et 
al. 2018). If the same effect also applies to humans 

remains unclear. We did not confirm a significant 
association between PAI-1 and PEDF in our patients. 
However, both PEDF and PAI-1 were associated with the 
same metabolic parameters (BMI, CRP, insulin,  
C-peptide, fasting glucose, HbA1C) and atherogenic 
dyslipidemia (positively with TG, apoB and negatively 
with HDL-C, and apoA1; not shown in results), which 
reflected their common origin in the fat tissue and a close 
relation to insulin resistance. Although in a large number 
of patients the insulin levels were affected by insulin 
treatment. Both PEDF and PAI-1 were also significantly 
reduced after weight loss in overweight postmenopausal 
women (Duggan 2016). Thus, weight reduction itself 
(and not the increase of circulating PEDF levels) led to 
PAI-1 levels decrease. 

The negative correlation between PEDF and 
vWF in T2D patient without MetS was somewhat 
surprising. As we know, this association has not been 
studied and published yet. The negative independent 
association between vWF and PEDF in T2D may point 
out another anti-thrombotic action of PEDF.  
Von Willebrand factor is a large multimeric glycoprotein 
that mediates the attachment of platelets to damaged 
endothelium and also serves as the carrier protein for 
coagulation factor VIII, protecting it from proteolytic 
degradation. It is synthesized exclusively by endothelial 
cells and megakaryocytes. Elevated vWF levels reflect 
stimulation of the endothelial cells and in diabetic 
patients, vWF correlates with CV outcome and risk of 
chronic complications (Gragnano et al. 2017). On the 
contrary PEDF blocks endothelial cells proliferation and 
pathological angiogenesis, and some observations suggest 
that PEDF could play a protective role against CV disease 
by acting as an inhibitor of plaque angiogenesis 
(Yamagishi et al. 2018). Of course, we don´t know, if 
PEDF may directly influence the vWF levels. However, 
there are many adipokines with positive or negative 
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impact on endothelial function and/or on platelet 
activation and there are many different mediators 
(cytokines, superoxide anions, histamine, and thrombin) 
producing an increase in vWF levels through various 
mechanisms (Gragnano et al. 2017, Vilahur et al. 2017). 
We previously found positive independent association 
between vWF and serum adipocyte fatty acid binding 
protein (A-FABP) in dyslipidemic individuals (Karasek 
et al. 2012), subjects with MetS (Novotny et al. 2014) 
and in T2D patients (Spurná et al. 2018), in whose vWF 
levels also negatively correlated with adiponectin. Our 
data suggests that adipokines may potentially affect vWF 
production or its metabolism and by this way can 
modulate a prothrombotic state. 

The limitations of this study are its cross-
sectional design and relatively high number of 
participants treated by drugs, that may influence 
endothelial function especially in subjects with MetS 
(93 % of T2D patients with MetS and 25 % of T2D 
patients without MetS were treated by statins, 87 % of 
T2D patients with MetS and 65 % T2D patients without 
MetS were treated by ACE-inhibitors or sartans). 
Therefore, a larger prospective study is needed to verify 
the association of serum PEDF levels with prothrombotic 

endothelial makers. In addition, evaluation of the effects 
of interventions that increase circulating levels of PEDF 
on development of endothelial dysfunction to clarify the 
role of PEDF in initial stage of atherosclerosis should be 
drawn. 
 
Conclusions 
 

Significantly elevated circulating levels of PEDF 
in T2D patients with metabolic syndrome and its 
association with adverse metabolic profile confirmed this 
factor as a marker of insulin resistance and/or visceral 
obesity. Independent negative association of PEDF with 
von Willebrand factor in T2D patients without MetS may 
point out another mechanism of its angio-protective role. 
This finding must be verified by other prospective and 
interventional studies. 
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