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The number of patients with type 2 diabetes mellitus (T2DM) is progressively 

increasing, and diabetic cardiovascular complications have become a public 

health problem. Brain or B-type natriuretic peptide (BNP) is a cardiac hormone 

synthesized as a pre-pro-peptide. Pro-BNP is produced by cleaving the signal 

peptide then two proprotein convertases, corin and furin cleave pro-BNP to form 

a biologically active hormone. Two corin single nucleotide polymorphisms 

(SNPs) have been reported to alter corin protein conformation and impair its 

biological activity. We aimed to investigate the potential role of corin and furin in 

comparison to BNP as biomarkers for predicting cardiovascular complications in 

T2DM patients. The association of corin gene SNPs with corin levels was also 

examined. Seventy-five subjects were recruited in this study, including 25 T2DM 

patients with complications, 25 T2DM patients without complications as well as 

25 healthy subjects. Plasma BNP, corin and furin levels were measured using 

enzyme-linked immunosorbent assay. Two corin SNPs were genotyped using 

allele specific oligonucleotide-polymerase chain reaction. Both furin and BNP 

were found to be more sensitive than corin (80% vs. 56%, P=0.008), whereas 

furin showed higher specificity when compared to BNP (96% vs. 84%, P=0.041) 

and corin (96% vs. 64%, P<0.0001) in predicting cardiovascular complications in 

T2DM patients. Corin SNPs are not associated with corin levels in the study 

cohort (P>0.05). In conclusion, furin may be useful, either alone or in 

combination with other biomarkers, for cardiovascular risk stratification 

assessment in T2DM patients. 
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Introduction 

Type 2 diabetes mellitus (T2DM) has become one of the 

most important chronic public health problems 
[1]

. 

Cardiovascular diseases (CVDs) are the primary cause 

of mortality and morbidity in patients with T2DM 
[2]

. 

CVDs are the number one cause of death globally. An 

estimated 17.3 million people died from CVDs in 2008, 

representing 30% of all global deaths. The number of 

people who die from CVDs will increase to reach 23.3. 

million by 2030 
[3]

. CVDs represented the primary cause 

of Palestinian mortalities reported in 2010, amounting to 

25.4% of the total number of deaths 
[4]

. 

Atrial natriuretic peptide (ANP) and brain or B-type 

natriuretic peptide (BNP) are cardiac peptide hormones  

 produced primarily by cardiomyocytes of the atrium and 

ventricle, respectively 
[5]

. In response to volume or 

pressure overload, the expression of ANP and BNP is 

highly upregulated, increasing their production in the 

heart and their release into the circulation. The biological 

effects of ANP and BNP are to promote natriuresis, 

diuresis, and vasodilation, thereby reducing blood 

volume and pressure 
[6]

. Compared to ANP, BNP has 

emerged as a superior biomarker for left-ventricular 

dysfunction and chronic heart failure (CHF) 
[7]

. Recently, 

BNP measurements were found to be the current gold-

standard biomarker for the management of CHF 
[8]

. 

The human gene for BNP encodes a 134-amino acid pre-

pro-BNP precursor, which after removal of the amino 

terminal 26-amino acid signal peptide gives rise to a 

108-amino acid pro-BNP peptide (pro-BNP1-108). During  
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release into circulation, further processing of pro-BNP1-

108 by a proprotein convertase results in the 

physiologically active 32-amino acid carboxyl-terminal 

molecule (BNP-32), derived from amino acids 77 to 

108, and an inactive amino-terminal fragment (NT-pro-

BNP), derived from amino acids 1 to 76 
[9]

. 

Proprotein convertases are a family of proteases that 

cleave target proproteins, generating mature, 

biologically active polypeptides. Two proprotein 

convertases, corin 
[10]

 and furin 
[11]

, are considered the 

most likely pro-BNP processing enzymes. Corin is a 

type II transmembrane serine protease 
[12]

 that has been 

identified as the physiological “pro-ANP 
[13]

 and pro-

BNP 
[14]

 convertase”. The enzyme is highly expressed in 

the heart 
[10]

, primarily in cardiomyocytes 
[15]

, where it 

uniquely cleaves the inactive natriuretic peptide 

precursor molecules into biologically active peptide 

hormones 
[16]

. Furin is a ubiquitously expressed type I 

transmembrane serine protease involved in the 

proteolytic processing of a wide range of precursor 

proteins, including growth factors and their receptors, 

adhesion molecules, and various metalloproteinases 
[17]

. 

In patients with HF, plasma levels of unprocessed 

natriuretic peptides are highly elevated 
[18]

, suggesting 

that corin and/or furin activity could not be compensated 

adequately to meet the demand under the pathological 

condition 
[19]

. 

Two non-synonymous and non-conservative single 

nucleotide polymorphisms (SNPs) have been identified 

in exon 12 of the human corin gene. The C1757T SNP 

leads to an amino acid substitution of threonine to 

isoleucine (T555I), whereas A1796C SNP results in an 

amino acid substitution of glutamine to proline (Q568P) 
[20]

. The T555I and Q568P amino acid substitutions were 

found to alter corin protein conformation and impair its 

biological activity by impairing zymogen activation 
[21]

. 

Although there are increasing data to implicate the 

expression of corin and furin in the pathogenesis of 

CVDs, the role of corin and furin in the pathophysiology 

of CVDs remains incompletely understood. In view of 

the clinical importance of predicting the development of 

CVDs in patients with T2DM, the present study was 

designed to compare head to head the diagnostic 

accuracy of BNP, corin and furin in predicting CVDs in 

T2DM patients. Furthermore, in an attempt to decrease 

the uncertainty of the association of corin gene SNPs 

with plasma corin levels and to provide more conclusive 

evidence regarding their clinical relevance, we explored 

the genotype distribution of these SNPs in T2DM 

patients with or without CVDs as well as in healthy 

subjects. 

Subjects and Methods 

Study design and population  

A total of 50 patients were recruited in this case-control 

study, including 25 T2DM patients without CVDs, who 

were referred to the outpatient clinic of the diabetic 

clinic center, Gaza strip, Palestine and 25 T2DM 

patients with CVDs, who were referred to the cardio 

care   unit   of   the   Cardiology   Department,   El-Shifa  

 Hospital, Gaza strip, Palestine. In addition, 25 healthy 

subjects, who underwent routine medical check-ups at 

El-Shifa Hospital and had no medical history of CVDs, 

were recruited as controls based on normal clinical and 

laboratory findings. Participants who had conditions that 

might affect the natriuretic system such as diseases of the 

liver, chronic kidney disease, pulmonary hypertension, 

chronic obstructive lung disease, congenital heart 

disease, critical valvular heart disease, autoimmune 

diseases, or malignant disease were excluded. The study 

protocol was approved by the scientific ethical 

committee of Faculty of Science, Islamic University, 

Gaza strip, Palestine. A written informed consent was 

obtained from all the enrolled patients and healthy 

subjects prior to inclusion into the study in accordance 

with the Declaration of Helsinki. 

Clinical evaluation of the participants 
At the time of study baseline, each participant enrolled in 

the study was thoroughly surveyed according to a self-

administered questionnaire which was recorded by 

trained research staff. Participants provided baseline 

demographics and medical history including gender, age, 

body mass index (BMI), cigarette smoking status, family 

history of DM, family history of CVDs, hypertension, 

asthma, nephropathy, retinopathy, neuropathy, recurrent 

infections, age at onset of DM, duration of DM, DM 

medications, age at onset of CVDs, duration of CVDs 

and CVDs medications. 

Clinical diagnosis and definitions  
DM was diagnosed according to criteria set by the 

American Diabetes Association. DM was defined as the 

presence of 1 of the following: (1) a fasting plasma 

glucose of ≥126 mg/dL or (2) a self-reported history of 

DM and current use of either insulin or an oral 

hypoglycemic medication 
[22]

. The diagnosis of CVDs 

was performed according to the current guidelines by 

experienced cardiologists who cared for the patients but 

were blinded to the study 
[23,24]

. 

Biochemical investigations 
Fasting plasma glucose (FPG) level, hemoglobin A1c 

(HbA1c) level and serum levels of total cholesterol 

(TC), high-density lipoprotein cholesterol (HDL-C), 

triacylglycerols (TG), lactate dehydrogenase (LDH), 

creatine kinase (CK), CK-MB, uric acid (UA) and 

creatinine (Cr) were measured using BS-300 Chemistry 

Analyzer (Mindray Bio-Medical Electronics, Shenzhen, 

China) according to the manufacturer’s instructions. 

Urinary albumin (Alb) level was measured using an 

immunoturbidimetric assay (Randox Laboratories, 

Northern Ireland, UK), whereas urinary creatinine level 

was measured using an enzymatic assay (Randox 

Laboratories, Northern Ireland, UK) to calculate the 

urinary albumin/urinary creatinine ratio (Alb/Cr). Low-

density lipoprotein cholesterol (LDL-C) levels were 

calculated using the Friedewald formula. Creatinine 

clearance rate (Ccr) was calculated using the Cockcroft-

Gault formula. 

Measurement of plasma BNP, corin and furin levels  
Venous blood samples were collected into ethylene- 
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diaminetetraacetic acid (EDTA) - vacutainer tubes (BD 

diagnostics, Franklin Lakes, NJ, USA) by venipuncture. 

Plasma samples were immediately obtained, aliquoted in 

sterile polypropylene tubes and stored at −80°C until 

analysis. Plasma levels of BNP, corin and furin were 

measured by a commercial enzyme-linked 

immunosorbent assay (ELISA; Abnova, Taipei, Taiwan) 

according to the manufacturer’s instructions. 

Corin SNPs genotyping 
Two SNPs in exon 12 of corin gene (National center for 

biotechnology information reference sequence gene; 

NCBI RefSeq gene: NM_006587.2) at nucleotides 1757 

C>T (rs75770792) and 1796 A>C (rs111253292) were 

genotyped using allele specific oligonucleotide-

polymerase chain reaction (ASO-PCR). Allele-specific 

primers were designed using "web-based allele-specific 

primer designing tool": 

http://bioinfo.biotec.or.th/WASP. The sequences of 

forward and reverse primers used for ASO-PCR are 

shown in Table 1. Briefly, genomic DNA was extracted 

from peripheral blood leukocytes using the Wizard
®

 

Genomic DNA Purification Kit (Promega, Madison, 

USA) following the manufacturer’s instructions. PCR 

reactions were carried out in a total volume of 25 µL, 

containing 15 mM Tris-HCl+50 mM KCl (Gene Amp 

10X PCR Gold Buffer), 1.5 mM MgCl2 (Gene Amp 25 

mM MgCl2), 400 µM of each dNTP (Gene Amp 10 mM 

dNTP Blend), 1 U Taq DNA polymerase (AmpliTaq 

Gold 5 U/µL DNA polymerase) (Applied Biosystems, 

Foster City, CA, USA), 0.5 µM of each of the primers 

(Sigma-Aldrich, St. Louis, MO, USA) and 100 ng of 

genomic DNA. The thermal cycling conditions were as 

follows: initial denaturation at 94°C for 5 minutes 

followed by 35 amplification cycles of denaturation at 

94°C for 30 seconds, annealing at 60°C for 30 seconds, 

and extension at 72°C for 30 seconds followed by 

terminal extension at 72°C for 10 minutes. The 

amplified products from ASO-PCR were 

electrophoresed on a 2% agarose gel (Applied 

Biosystems/Ambion, Austin, USA) using GeneRuler  

 Ultra Low Range DNA Ladder (Thermo Scientific, 

Waltham, MA, USA) as a size marker, visualized by 

staining the gels with ethidium bromide, followed by 

destaining with water and finally photographed under 

Ultraviolet illumination using KODAK Gel Logic 100 

Imaging System. 

Statistical analysis  

Categorical variables were reported as the number of 

cases (percentage) and compared using the Pearson’s chi-

square (χ
2
) test. The continuous variables were expressed 

as mean ± standard deviation (SD) if normally distributed 

and compared using the independent Student’s t-test or 

one-way analysis of variance (ANOVA) as appropriate. 

In contrast, continuous variables were expressed as 

median (interquartile range, IQR: 25
th
 quartile to 75

th
 

quartile or minimum–maximum as appropriate) if non-

normally distributed and compared using the non-

parametric Mann–Whitney U test or Kruskal-Wallis test 

as appropriate. Normality was assessed by the Shapiro-

Wilk test. A 2- sided probability (P) value was used for 

all statistical analyses, and a P value of <0.05 was 

considered statistically significant. The correlation of 

BNP, corin and furin levels with continuous variables 

was analyzed using Spearman’s rank correlation 

coefficient because data were not normally distributed. 

Receiver operating characteristic (ROC) curve analysis 

was performed to determine the diagnostic value of 

plasma BNP, corin and furin levels. Data statistical 

analyses were performed using the statistical package for 

the social sciences (SPSS software 20; SPSS Inc., 

Chicago, IL, USA) 
[25]

. Genotypes and alleles frequency 

was estimated. Genotype frequencies at each corin gene 

locus were compared with the frequencies expected by 

the Hardy-Weinberg equilibrium (HWE) using a χ
2
 

goodness of fit test. Pairwise linkage disequilibrium (LD) 

between the 2 corin gene loci was assessed by estimating 

the coefficients of LD (Dʹ, Standardized disequilibrium; 

r
2
, Square of the correlation coefficient) 

[26]
. All genetic 

analyses were performed using the genetic analysis in 

Excel 6.5 (GenAlEx 6.5) software 
[27,28]

. 

 

 

 

 

Table 1: The sequences of forward and reverse primers used for ASO-PCR. 

SNP ref SNP ID 

Amino 

acid 

change 

Primer type 
Primer sequence  

(5`→3`)            

 

PCR Product 

length (bp) 

 

1757 C>T  

 

rs75770792 
 T555I 

WTF 

MTF 

CR 

CCTACAGTGGCCTGAAGACTC 

CCTACAGTGGCCTGAAGACTT 

AATTCACTCACCTAAGCAGC 

231 

1796 A>C  

 
rs111253292 Q568P 

WTR 

MTR 

CF 

CAGGCATCAGGCAGGTCT 

CAGGCATCAGGCAGGTCG 

ATCTAGGGCATTGTGTGAAC 

137 

WTF, wild type forward; MTF, mutant type forward; CR, common reverse; WTR, wild type reverse; MTR, mutant type 

reverse; CF, common forward.  
 

  

http://bioinfo.biotec.or.th/WASP
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Results 

Baseline characteristics of the study cohort 

The study cohort was divided into 3 groups: 25 healthy 

subjects, 25 T2DM patients without CVDs and 25 

T2DM patients with CVDs. Of the 25 patients with 

CVDs, 10 patients (40%) had coronary artery 

disease (CAD), 7 patients (28%) had myocardial 

infarction (MI), 5 patients (20%) had chronic heart 

failure (CHF) and 3 patients (12%) had peripheral 

vascular disease (PVD). The baseline demographic and 

clinical features of the patients and healthy subjects are 

listed in Table 2. 

Plasma levels of BNP, corin and furin in the study 

groups 
BNP and furin levels were found to be significantly 

higher in T2DM patients with CVDs than those in 

T2DM patients without CVDs and those in healthy 

subjects. Furthermore, BNP and furin levels were higher 

in T2DM patients without CVDs than those in healthy 

subjects. On the other hand, corin levels appeared to be 

significantly higher in healthy subjects than those in 

T2DM patients with or without CVDs. Moreover, corin 

levels were higher in T2DM patients without CVDs than 

those in T2DM patients with CVDs (Table 2). 

The plasma levels of BNP, corin and furin in the 

different CVD types are summarized in Table 3. There 

were no significant differences in BNP levels among 

patients with the different CVDs. One exception was 

that BNP levels were significantly higher in CHF 

patients than those in CAD patients. Similarly, there 

were no significant differences in corin levels among 

patients with the different CVDs.  On the other hand,  

 furin levels were significantly different among patients 

with the different CVDs. One exception was that furin 

levels in CHF patients did not differ significantly when 

compared to those in PVD patients. 

Correlation of plasma BNP, corin and furin levels 

with other variables 
BNP level was positively correlated with LDH and furin 

levels in healthy subjects. In T2DM patients with CVDs, 

BNP level was positively correlated with FPG, CK and 

CK-MB. Furthermore, there was a significant negative 

correlation between BNP and corin levels in T2DM 

patients with and without CVDs. In contrast, BNP level 

was positively correlated with furin level in T2DM 

patients with and without CVDs. On the other hand, a 

negative correlation was found between corin and furin 

levels in T2DM patients with CVDs, but this correlation 

did not meet the criteria for statistical significance (Table 

4). 

ROC curve analysis 
The sensitivity of CVDs diagnosis in T2DM patients by 

furin level was significantly higher than that by corin. On 

the other hand, both furin and BNP have a similar 

sensitivity in diagnosing CVDs. Furthermore, in T2DM 

patients, the specificity of CVDs diagnosis by furin level 

was significantly higher than that by BNP or by corin. 

Differences in the positive predictive value (PPV), 

negative predictive value (NPV), accuracy, and area 

under the curve (AUC) between furin and corin were 

significant. In contrast, there were no significant 

differences in the PPV, NPV, accuracy, and AUC 

between furin and BNP (Table 5, Figure1). 

 

 

 

 

Fig. 1: Receiver operating characteristic (ROC) curve for predicting CVDs in T2DM patients. 
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Table 2: Demographic and clinical characteristics of the study groups. 

Characteristics 

Participants (n=75) P value 

Healthy subjects 
(n=25) 

T2DM 
without CVDs (n=25) 

T2DM 
With CVDs 

(n=25) 
 

Gender  
Male, n (%) 
Female, n (%) 

 
13 (52) 
12 (48) 

 
13 (52) 
12 (48) 

 
13 (52) 
12 (48) 

 

Age (years) 
 

55.4 ± 6.9 
(45–65) 

55.4 ± 5.7 
(45–65) 

55.3 ± 6.2 
(45–65) 

1.000† 
1.000‡ 
1.000§ 

Age at onset of DM (years)  
46.5 ± 6.7 
(31–60) 

42.8 ± 9.5 
(26–55) 

0.117§ 

Age at onset of CVDs (years)   
48.7 ± 7.4 
(34–60) 

 

BMI (kg/m2) 
 

29.3 ± 6.0 
(20.1–43.1) 

29.5 ± 4.4 
(23.2–40.4) 

30.0 ± 3.9 
(23.2–39.4) 

1.000† 
1.000‡ 
1.000§ 

Cigarette smoking status 
Non-smokers, n (%) 
Past smokers, n (%) 
Current smokers, n (%) 

 
17 (68) 
5 (20) 
3 (12) 

 
15 (60) 
5 (20) 
5 (20) 

 
13 (52) 
6 (24) 
6 (24) 

 
0.732† 
0.444‡ 
0.850§ 

Family history of DM 
Yes, n (%) 
No, n (%) 
  

 
0 (0) 

25 (100) 

 
9 (36) 

16 (64) 

 
16 (64) 
9 (36) 

 
0.001† 

<0.001‡* 
0.044§* 

Family history of CVDs 
Yes, n (%) 
No, n (%) 
 

 
2 (8) 

23 (92) 

 
1 (4) 

24 (96) 

 
8 (32) 

17 (68) 

 
0.500† 
0.037‡* 
0.012§* 

Diastolic blood pressure (mmHg)  
79.2 ± 4.5 
(70–85) 

84.0 ± 10.1 
(65–100) 

92.4 ± 12.4 
(75–130) 

0.244† 
<0.001‡* 
0.008§* 

Systolic blood pressure (mmHg)  
121.2 ± 8.6 
(105–140) 

132.6 ± 24.8 
(95–190) 

144.4 ± 23.5 
(100–210) 

0.154† 
<0.001‡* 

0.132§ 

Hypertension 
Yes, n (%) 
No, n (%) 
 

 
0 (0) 

25 (100) 

 
12 (48) 
13 (52) 

 
15 (60) 
10 (40) 

 
<0.001†* 
<0.001‡* 

0.285§ 

Asthma 
Yes, n (%) 
No, n (%) 
 

 
0 (0) 

25 (100) 

 
2 (8) 

23 (92) 

 
6 (24) 

19 (76) 

 
0.245† 
0.011‡* 
0.123§ 

Nephropathy 
Yes, n (%) 
No, n (%) 
 

 
0 (0) 

25 (100) 

 
7 (28) 

18 (72) 

 
11 (44) 
14 (56) 

 
0.005†* 

<0.001‡* 
0.189§ 

Retinopathy 
Yes, n (%) 
No, n (%) 
 

 
0 (0) 

25 (100) 

 
3 (12) 

22 (88) 

 
11 (44) 
14 (56) 

 
0.117† 

<0.001‡* 
0.013§* 

Neuropathy 
Yes, n (%) 
No, n (%) 
 

 
0 (0) 

25 (100) 

 
5 (20) 

20 (80) 

 
13 (52) 
12 (48) 

 
0.025†* 

<0.001‡* 

0.019§* 

Recurrent infections 
Yes, n (%) 
No, n (%) 
 

 
0 (0) 

25 (100) 

 
5 (20) 

20 (80) 

 
2 (8) 

23 (92) 

 
0.025†* 
0.245‡ 
0.209§ 

Duration of DM (years)  
8.9 ±  5.9 

(1–25) 
12.9 ± 7.1 

(2–35) 
0.035§* 

 

DM medications 
Oral hypoglycemic agents, n (%) 
Insulin, n (%) 

 
 

16 (64) 
9 (36) 

 
9 (36) 

16 (64) 

 
0.044§* 
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Table 2 continued... 

CVDs 
CAD, n (%) 
MI, n (%) 
CHF, n (%) 
PVD, n (%) 

  

 
10 (40) 
7 (28) 
5 (20) 
3 (12) 

 

CVDs medications 
β-blockers + ACEI, n (%)  
β-blockers + ARB, n (%)   

  
 

16 (64) 
9 (36) 

 

FPG (mg/dl)  
 

84.5 ± 9.0 
(69–108) 

166.3 ± 55.6 
(105–360) 

208.2 ± 74.3 
(110–459) 

<0.001†* 
<0.001‡* 
0.022§* 

HbA1c % ± (mmol/mol) 
  
 

5.0 ± 0.5 (31) 
[3.3–5.9] 

6.2 ± 1.3 (44) 
[3.9–9.7] 

7.4 ± 1.5 (57) 
[4.5–10.4] 

0.002†* 
<0.001‡* 
0.002§* 

TC (mg/dl) 
 

160.1 ± 24.1 
(106–197) 

190.3 ± 47.7 
(96–311) 

207 ± 53.7 
(121–350) 

0.050† 
0.001‡* 
0.522§ 

HDL-C (mg/dl) 
 

45.7 ± 9.2 
(29–61) 

37.6 ± 7.7 
(25–49) 

32.5 ± 7.4 
(18–42) 

0.002†* 
<0.001‡* 

0.088§ 

LDL-C (mg/dl) 
 

85.4 ± 35.6 
(19–178) 

117.4 ± 47.9 
(19–237) 

127.5 ± 52.0 
(54–269) 

0.047†* 
0.005‡* 
1.000§ 

TG (mg/dl) 
 

144.7 ± 67.3 
(85–393) 

176.3 ± 69.7 
(77–381) 

233.7 ± 90.9 
(107–464) 

0.449† 
<0.001‡* 
0.030§* 

LDH (IU/L) 
 

 
300.0 

(275.0–332.5) 

 
335.0 

(290.5–400.5) 

 
414.0 

(322.0–674.0) 

0.052† 
0.001‡* 
0.026§* 

 
CK (IU/L) 
 

80.0 
(73.5–96.0) 

120.0 
(77.0–168.0) 

178.0 
(122.5–395.0) 

0.023†* 
<0.001‡* 
0.002§* 

 
CK-MB (IU/L) 
 

9.0 
(7.5–10.0) 

12.0 
(9.5–15.5) 

17.0 
(15.0–42.5) 

0.002†* 
<0.001‡* 
<0.001§* 

UA (mg/dl) 
 

4.3 ± 0.80 
(3.2–6.0) 

5.0 ± 1.1 
(3.5–8.7) 

5.7 ± 2.5 
(2.4–11.9) 

0.592† 
0.017‡* 
0.372§ 

Cr (mg/dl) 
 

0.75 ± 0.22 
(0.30–1.03) 

0.99 ± 0.33 
(0.29–1.80) 

1.25 ± 0.43 
(0.7–2.10) 

0.034†* 
<0.001‡* 
0.024§* 

 Urinary Alb (mg/L) 
  

19.5 
(10.5–38.5) 

70.0 
(22.5–307.0) 

199.0 
(20.5–779.5) 

0.001†* 
<0.001‡* 

0.146§ 

Urinary Cr (mg/dl) 
  

199.2 
(146.3–292.8) 

103.2 
(67.8–120.1) 

103.0 
(57.8–131.2) 

<0.001†* 
<0.001‡ 
0.786§ 

Urinary Alb/Cr ratio (mg/g) 
  

11.6 
(5.2–18.0) 

44.2 
(23.9–449.0) 

152.7 
(50.7–696.5) 

<0.001† 
<0.001‡* 
0.028§* 

Ccr (ml/min)  
  

118.6 
(99.1–163.7) 

91.0 
(71.3–120.9) 

77.7 
(56.5–96.9) 

0.013†* 
<0.001‡* 

0.056§ 

BNP (pg/ml) 
30.7 

(18.4–45.2) 
69.2 

(44.1–92.5) 
430.3 

(127.8–818.5) 

<0.001†* 
<0.001‡* 
<0.001§* 

Corin (pg/ml) 
1325.0 

(693.5–1724.5) 
612.0 

(375.0–1096.5) 
489.0 

(337.5–633.5) 

0.004†* 
<0.001‡* 

0.133§ 

Furin (pg/ml) 

157.3 
(130.9–184.5) 

 

185.5 
(145.5–221.9) 

 

1046.9 
(458.1–1716.2) 

 

0.074† 
<0.001‡* 
<0.001§* 

T2DM, type 2 diabetes mellitus; BMI, body mass index; CVDs, cardiovascular diseases; CAD: coronary artery disease; MI, myocardial 

infarction; CHF, chronic heart failure; PVD: peripheral vascular disease; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin-
receptor blocker; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; TC,  total cholesterol; HDL-C, high-density lipoprotein cholesterol; 

LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; LDH, lactate dehydrogenase; CK, creatine kinase; UA, uric acid; Cr, creatinine; 

Alb, albumin; Ccr, creatinine clearance rate; BNP, brain natriuretic peptide. Qualitative data are represented as the number of cases (%), 
whereas quantitative data are represented as mean ±SD (range, minimum-maximum) if normally distributed or as median (interquartile range, 

IQR: 25th quartile to 75th quartile) if non-normally distributed. †, healthy subjects vs. T2DM without CVDs; ‡, healthy subjects vs.  T2DM 

with CVDs; §, T2DM without CVDs vs. T2DM with CVDs. * indicates a statistically significant difference. 
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Table 3: Relationship of BNP, corin and furin levels with the different CVD types. 

Biomarker level 
(pg/ml) 

T2DM with CVDs (n=25) 
n (%) 

P value 

CAD 
10 (40) 

MI 
7 (28) 

CHF 
5 (20) 

PVD 
3 (12) 

 

BNP 

 
98.3 

(59.1–447.4) 
 

 
192.8 

(167.4–817.5) 
 

 
823.0 

(601.2–1219.8) 
 

679.5 
(633.3–820.2) 

0. 055¶ 
0.008Ϙ* 
0.112ϓ 
0.073Ϣ 
0.267Ж 
0.393Ϫ 

Corin 
604.2 

(450.5–824.3)  

512.0 

(361.0–653.0)  

314.0 

(210.5–558.0)  

409.0 

(233–489.0) 

0. 669¶ 
0.129Ϙ 
0.217ϓ 
0.202Ϣ 
0.383Ж 
1.000Ϫ 

Furin 

 
385.0 

(265.4–562.5) 
 

 
1046.9 

(814.5–1436.2) 
 

 
2156.7 

(1664.6–2503) 
 

1719.1 
(1713.2–1769.5) 

0. 014¶* 
0.003Ϙ* 
0.049ϓ* 
0.003Ϣ* 
0.017Ж* 
0.786Ϫ 

T2DM, type 2 diabetes mellitus; CVDs, cardiovascular diseases; CAD: coronary artery disease; MI, myocardial infarction; CHF, chronic heart 

failure; PVD: peripheral vascular disease; BNP, brain natriuretic peptide. Qualitative data are represented as the number of cases (%), whereas 

quantitative data are represented as median (interquartile range, IQR: 25th quartile to 75th quartile or minimum–maximum as appropriate). ¶, 
CAD vs. MI; Ϙ, CAD vs. CHF; ϓ, CAD vs. PVD; Ϣ, MI vs. CHF; Ж, MI vs. PVD; Ϫ, CHF vs. PVD. * indicates a statistically significant 

difference. 

 

 

Table 4: Correlation of plasma BNP, corin and furin levels with other variables in the study groups. 

Variables Plasma BNP level (pg/ml)  Plasma corin level (pg/ml)  Plasma furin level (pg/ml)  

 
Healthy 
subjects 
(n=25) 

T2DM 
without CVDs 

(n=25) 

T2DM 
With CVDs 

(n=25) 

Healthy 
subjects 
(n=25) 

T2DM 
without CVDs 

(n=25) 

T2DM 
With CVDs 

(n=25) 

Healthy 
subjects 
(n=25) 

T2DM 
without CVDs 

(n=25) 

T2DM 
With CVDs 

(n=25) 

 R P value R P value R P value R P value R P value R P value R P value R P value R P value 

Age 0.082 0.696 -0.009 0.966 0.057 0.788 0.078  0.710 -0.288  0.162 -0.296  0.151 -0.080  0.704 -0.145 0.489 -0.042 0.840 

BMI  0.138 0.511 0.160 0.446 0.130 0.535 0.037   0.862 -0.153  0.465 -0.201   0.336 0.207   0.321 0.035 0.867 0.332 0.105 

FPG -0.200 0.338 0.005 0.981 0.437 0.029* -0.248  0.232 -0.085  0.685 -0.117  0.579 -0.053  0.803 0.173 0.409 0.095 0.651 

HbA1c 0.020 0.926 0.201 0.335 0.296 0.151 0.081   0.699 -0.313  0.128 0.015  0.943 0.094  0.655 0.228 0.273 0.128 0.542 

TC  -0.148 0.479 0.094 0.654 0.119 0.570 -0.207  0.321 0.220  0.291 -0.3   0.145 -0.398  0.051 0.033 0.874 0.021 0.922 

HDL-C  0.225 0.280 0.300 0.145 -0.056 0.789 0.067  0.749 -0.379   0.061 0.139  0.508 0.331  0.106 0.110 0.600 0.222 0.286 

LDL-C  -0.125 0.551 -0.043 0.839 0.123 0.558 -0.346   0.090 0.285   0.167 -0.227  0.186 -0.062   0.768 -0.155 0.460 -0.015 0.945 

TG  -0.374 0.066 0.280 0.176 -0.098 0.641 -0.065  0.756 0.001  0.997 -0.208   0.318 -0.235  0.258 0.385 0.058 0.145 0.491 

LDH  0.494 0.012* -0.246 0.235 0.373 0.066 -0.057  0.788 0.133  0.526 -0.257   0.216 0.219  0.294 -0.075 0.723 0.081 0.702 

CK 0.126 0.549 -0.090 0.668 0.531 0.006* 0.211  0.310 0.155   0.460 -0.110  0.599 0.026  0.902 -0.080 0.705 0.242 0.243 

CK-MB 0.106 0.613 -0.080 0.705 0.551 0.004* 0.225  0.279 0.086   0.684 -0.238  0.251 0.067 0.750 0.039 0.855 0.139 0.508 

UA  0.138 0.511 -0.146 0.487 0.066 0.755 -0.038  0.857 -0.011  0.958 0.121  0.563 -0.041  0.846 -0.271 0.189 0.078 0.712 

Cr  0.073 0.728 0.076 0.718 -0.032 0.879 -0.066  0.755 -0.277  0.181 -0.038   0.858 0.168  0.421 -0.251 0.226 0.177 0.398 

Urinary  
Alb 

0.310 0.131 0.241 0.245 0.151 0.472 -0.004 0.983 0.052 0.805 -0.107 0.612 0.099 0.638 0.162 0.439 0.035 0.867 

Urinary Cr  -0.025 0.906 -0.052 0.807 -0.036 0.865 -0.029 0.891 -0.095 0.653 0.046 0.828 0.283 0.170 0.030 0.885 0.036 0.864 

Urinary 
Alb/Cr ratio  

0.336 0.101 0.219 0.294 0.171 0.414 -0.128  0.543 0.114  0.588 -0.214   0.304 -0.078  0.711 0.090 0.667 -0.033 0.874 

Ccr  0.202 0.333 0.060 0.774 -0.015 0.942 0.119  0.573 0.145  0.490 0.173  0.408 0.035  0.867 0.247 0.234 -0.081 0.701 

BNP  - - - - - - -0.021  0.922 -0.558  0.004* -0.453   0.023* 0.494  0.012* 0.587 0.002* 0.709 <0.001* 

Corin   -0.021 0.922 -0.558 0.004* -0.453 0.023* - - - - - - 0.152 0.468 -0.319 0.120 -0.344 0.092 

Furin  0.494 0.012* 0.587 0.002* 0.709 <0.001* 0.152 0.468 -0.319  0.120 -0.344  0.092 - - - - - - 

T2DM, type 2 diabetes mellitus; BMI, body mass index; CVDs, cardiovascular diseases; FPG, fasting plasma glucose; HbA1c, hemoglobin 
A1c; TC,  total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; LDH, 

lactate dehydrogenase; CK, creatine kinase; UA, uric acid; Cr, creatinine; Alb, albumin; Ccr, creatinine clearance rate; BNP, brain natriuretic 
peptide. The correlation was analyzed using Spearman’s rank correlation coefficient. * indicates a statistically significant correlation. 
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Table 5: Youden index cut-off points, sensitivity, specificity, positive predictive value, negative predictive value and 

area under the curve of BNP, corin and furin for predicting CVDs in T2DM patients. 

Biomarker 

T2DM 

without 

CVDs 

(n=25) 

T2DM 

with 

CVDs 

(n=25) 

Cut-off 

point 

(pg/ml) 

Sensitivity 

(%) 

Specificity 

(%) 

PPV 

(%) 

NPV 

(%) 

Accuracy 

(%) 

AUC 

(95% CI) 
P value 

BNP 
21 5 ≤109.4 

80.0 84.0 83.3 80.8 82.0 
0.865 

(0.763‒0.967) 
<0.001* 

4 20 >109.4 

Corin   
9 14 ≤501 

56.0 64.0 60.9 59.3 60.0 
0.624 

(0.464‒0.784) 
0.133 

16 11 >501 

Furin  
24 5 ≤405.4 

80 96.0 92.5 82.5 88.0 
0.972 

(0.935‒1.00) 
<0.001* 

1 20 >405.4 

P value 

0.008†* 

1.000‡ 

0.008§* 

0.019†* 

0.041‡* 

<0.001§* 

0.010†* 

0.154‡ 

<0.001§* 

0.016†* 

0.826‡ 

0.008§* 

0.012†* 

0.399‡ 

0.001§* 

0.006†* 

0.066‡ 

<0.001§* 

 

T2DM, type 2 diabetes mellitus; CVDs, cardiovascular diseases; BNP, brain natriuretic peptide; PPV, Positive predictive value; NPV, 

Negative predictive value; AUC, area under the curve; 95% CI, 95% confidence interval. †, BNP vs. corin; ‡, BNP vs. furin; §, Corin vs. furin. 

* indicates a statistically significant difference. 

 

 

 

Table 6: Genotype distributions and allele frequencies of corin gene SNPs in the study groups. 

Locus: C1757T 

ref SNP ID: rs75770792 

Genotype distribution 

n (%) 

Allele frequency 

(%) 

C/C C/T T/T C allele T allele 

Subjects (n=75) 
74 

(98.67%) 

1 

(1.33%) 

 

0 

(0%) 

 

99.3% 

 

0.7% 

Groups  

Healthy subjects  

(n= 25) 

25 

(100%) 

0 

(0%) 

0 

(0%) 

 

100% 

 

 

0% 

 

T2DM without CVDs 

(n= 25) 

25 

(100%) 

0 

(0%) 

0 

(0%) 

 

100% 

 

 

0% 

 

T2DM with CVDs  

(n= 25) 

24 

(96%) 

1 

(4%) 

0 

(0%) 

 

98% 

 

 

2% 

 

 

P value 

 

1.000† 

0.500‡ 

0.500§ 

1.000† 

0.500‡ 

0.500§ 

 

1.000† 

0.500‡ 

0.500§ 

1.000† 

0.500‡ 

0.500§ 

Locus: A1796C 

ref SNP ID:  rs111253292 

Genotype distribution 

n (%) 

Allele frequency 

(%) 

A/A A/C C/C A allele C allele 

Subjects (n=75) 
74 

(98.67%) 

1 

(1.33%) 

 

0 

(0%) 

 

99.3% 

 

0.7% 

Groups 

Healthy subjects  

(n= 25) 

25 

(100%) 

0 

(0%) 

0 

(0%) 

 

100% 

 

 

0% 

 

T2DM without CVDs 

(n= 25) 

25 

(100%) 

0 

(0%) 

0 

(0%) 

 

100% 

 

 

0% 

 

T2DM with CVDs  

(n= 25) 

24 

(96%) 

1 

(4%) 

0 

(0%) 

 

98% 

 

 

2% 

 

 

P value 

 

1.000† 

0.500‡ 

0.500§ 

1.000† 

0.500‡ 

0.500§ 

 

1.000† 

0.500‡ 

0.500§ 

1.000† 

0.500‡ 

0.500§ 

SNP, single nucleotide polymorphism; T2DM, type 2 diabetes mellitus; CVDs, cardiovascular diseases. †, healthy subjects vs. T2DM without 

CVDs; ‡, healthy subjects vs.  T2DM with CVDs; §, T2DM without CVDs vs. T2DM with CVDs. 
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Corin gene SNPs  
Genotype distributions and allele frequencies of corin 

SNPs at 1757 and 1796 loci are presented in Table 6. 

The genotype distributions and allele frequencies of 

C1757T and A1796C SNPs did not differ significantly 

among the different study groups. The distribution of the 

observed genotypes was not significantly different from 

the expected distribution according to HWE for both loci 

(χ
2
 = 0.003, P=0.954). The two SNPs (C1757T and 

A1796C) showed a significant (Dʹ = 149; P<0.001) and 

strong (r
2
 = 1) LD to each other. 

Relationship between plasma corin levels and corin 

gene SNPs 

Corin gene SNPs at both loci (1757 and 1796) are not 

associated with plasma corin levels neither in the study 

cohort nor in T2DM patients with CVDs. In the study 

cohort, the median corin level was 644.5 pg/ml (IQR = 

411.8–1292.8 pg/ml) in participants with 1757CC and 

1796AA, whereas the only participant with 1757CT and 

1796AC had a corin level of 653 pg/ml (P=0.960). 

Similarly, in T2DM patients with CVDs, the median 

corin level was 484.3 pg/ml (IQR = 325.7–623.5 pg/ml) 

in patients with 1757CC and 1796AA, whereas the only 

patient with 1757CT and 1796AC had a corin level of 

653 pg/ml (P=0.400). 

Discussion 

The incidence of diabetes is escalating worldwide and, 

consequently, this has become a major health care 

problem. Moreover, T2DM is associated with 

significantly accelerated rates of microvascular and 

macrovascular complications. However, the molecular 

mechanisms underlying the high incidence 

of diabetic complications are still not fully understood. 

When cardiovascular complications progress to an end 

stage, medical options are limited. Thus, timely 

diagnosis and early intervention are important for 

managing these life-threatening diseases. 

BNP is a cardiac hormone, released from the cardiac 

ventricles in response to increased myocardial stretch or 

wall tension 
[29]

. When ventricular myocytes secrete pro-

BNP108, furin, corin or other currently unknown 

proteases are thought to cleave pro-BNP108 to pro-

BNP77–108 (BNP-32), which is considered to be the 

biologically active hormone and an inactive amino 

terminal pro-BNP1–76 (NT-pro-BNP-76) 
[30]

. 

In the current study, BNP levels were found to be 

significantly higher in T2DM patients than in healthy 

subjects. Our results are consistent with previous 

findings that suggested a close relationship between 

glucose metabolism and BNP levels. These findings 

demonstrated that BNP levels were found to be higher in 

T2DM patients 
[31]

. Our results showed that BNP levels 

were significantly higher in T2DM patients with CVDs 

when compared to those in T2DM patients without 

CVDs. Recently, Jin et al. have demonstrated that BNP 

levels were markedly higher in T2DM patients with 

peripheral arterial disease (PAD) than those in T2DM 

patients without PAD 
[32]

. It has been previously 

demonstrated that plasma BNP levels predicted the risk 

 of cardiovascular events and death after adjustment for 

clinical risk factors 
[33]

. Moreover, it has been 

acknowledged that subjects with higher BNP levels are 

more likely to have conventional cardiovascular risk 

factors (e.g., hypertension 
[34]

, and ischemic stroke 
[35]

).  

In patients with end-stage HF, plasma pro-BNP levels 

were found to be elevated, suggesting that processing of 

this peptide is compromised as the disease progresses. 

The increased pro-BNP levels in severe HF may be 

explained in part by the increased production and 

secretion of pro-BNP from the ventricle. Alternatively, 

the mRNA expression of proteolytic processing enzymes 

is not increased in parallel with the increase in mRNA 

expression of BNP precursors in severe HF, which 

results in the reduced proteolytic conversion of pro-BNP 

into BNP-32 
[36]

. 

Discovery of corin and furin as the most likely pro-BNP 

processing enzymes has extended our knowledge of the 

natriuretic peptide system 
[37]

. To date, despite numerous 

studies devoted to the assessment of the clinical 

significance of pro-BNP-derived peptides, the clinical 

importance of corin and furin in the pathophysiology of 

CVDs remains incompletely understood. 

We hypothesized that corin and furin might serve as 

biomarkers to predict the development of CVDs in 

T2DM patients. To test this hypothesis, we measured 

plasma corin and furin in T2DM patients with or without 

CVDs as well as in healthy subjects. The present study 

shows that corin levels were significantly lower in T2DM 

patients with or without CVDs than those in healthy 

subjects. Similarly, corin levels were lower in T2DM 

patients with CVDs than those in T2DM patients without 

CVDs. These results suggest that the reduction of corin 

levels, may be related more closely to the pathological 

changes associated with DM than that of CVDs. The 

reduced levels of corin observed in T2DM patients with 

CVDs are likely to reflect either the chronic loss of 

cardiomyocytes and/or diminished cardiac corin protein 

expression. It is possible that the expression/activity of 

corin sheddase, which remains unknown, are reduced in 

CVDs, leading to low levels of plasma corin. 

Alternatively, corin cleaves itself on the cell surface and 

in CVDs such a process is inhibited or impaired, 

resulting in lower corin levels in plasma. Other 

possibilities may also include accelerated plasma corin 

degradation or clearance. In the current study, there was a 

significant negative correlation between corin and BNP 

levels in T2DM patients with or without CVD. 

Furthermore, a negative correlation was found between 

corin and furin levels in T2DM patients with CVD. 

It has been previously reported that plasma corin levels 

were reduced significantly in patients with HF and that 

the reduction of corin levels appeared to correlate with 

the severity of HF 
[38, 39]

. These results are consistent with 

the elevated levels of unprocessed natriuretic peptides in 

patients with HF, suggesting that corin deficiency may be 

a contributing factor in failing hearts 
[40]

. Recently, low 

serum corin levels were found to be an independent 

predictor  for  poor  clinical  outcomes  in  patients  with  
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coronary disease 
[41]

. Interestingly, it has been recently 

demonstrated that there were no significant differences 

in the plasma corin concentration/activity among the 

acute decompensated heart failure (ADHF), non-cardiac 

dyspnoea (non-ADHF), and CHF patient groups. 

Additionally, there was no significant correlation 

between corin concentration/activity and pro-BNP 

levels, NT-pro-BNP levels, BNP levels, the processing 

of pro-BNP (NT-pro-BNP/pro-BNP and BNP/pro-BNP), 

or the degree of pro-BNP glycosylation 
[42]

. 

Surprisingly, it has been reported that the furin-mediated 

cleavage of pro-BNP resulted in BNP1–32, whereas corin-

mediated processing of pro-BNP results in the formation 

of truncated BNP4–32, suggesting that corin is unlikely to 

be the primary candidate for the role of pro-BNP 

processing enzyme 
[37, 43]

. 

In the present study, furin levels appeared to be 

significantly higher in T2DM patients with CVDs than 

those in T2DM patients without CVDs and healthy 

subjects.  In addition, furin levels were higher in T2DM 

patients without CVDs than those in healthy subjects. 

These results suggest that the elevation of furin levels, 

may be related more closely to the pathological changes 

associated with CVDs than that of DM.  Furthermore, 

there was a significant positive correlation between furin 

and BNP levels in healthy subjects, T2DM patients with 

or without CVDs. Moreover, a negative correlation was 

found between furin and corin levels in T2DM patients 

with CVDs. 

Recently, Vodovar et al. reported that plasma furin 

activity was significantly higher in the patients suffering 

from ADHF than in patients with non-ADHF and CHF. 

In addition, there were significant positive correlations 

between circulating furin activity and plasma levels of 

pro-BNP, NT-pro-BNP and BNP in the ADHF, non-

ADHF and CHF groups. Moreover, the activity of 

circulating furin was found to be negatively correlated 

with the degree of pro-BNP glycosylation in ADHF and 

non-ADHF patients but not in CHF patients. 

Surprisingly, there were no significant differences in the 

plasma furin concentration among the ADHF, non-

ADHF and CHF groups. Furthermore, there was no 

significant correlation between plasma furin 

concentration and pro-BNP levels, NT-pro-BNP levels, 

BNP levels, the processing of pro-BNP, or the degree of 

pro-BNP glycosylation. Contrary to expectations, neither 

concentrations of furin/corin nor corin activity directly 

determine the processing of pro-BNP 
[42]

. 

In our study, the sensitivity of CVDs diagnosis in T2DM 

patients by furin level was significantly higher than that 

by corin. On the other hand, both furin and BNP have a 

similar sensitivity in diagnosing CVDs. Furthermore, the 

specificity of CVDs diagnosis by furin level was 

significantly higher than that by BNP or by corin. A 

recent study by Jin et al. reported that at a cutoff value of 

78.2 pg/ml, the BNP level showed a sensitivity of 71.9% 

and a specificity of 68.1% for the diagnosis of PAD in 

T2DM patients 
[32]

. In the current study, since furin 

produced a similar sensitivity to BNP and better specifi- 

 city, PPV, NPV, diagnostic accuracy and AUC than BNP 

in the biochemical diagnosis of CVDs, furin 

measurements could add important information to 

clinical judgment in establishing a final diagnosis of 

CVDs. 

A substantial body of evidence suggested that genetic 

determinants, such as the reported corin gene SNPs and 

others yet to be discovered, may explain some of the 

variability in the processing of pro-BNP. Our findings 

demonstrate that the frequency of C1757T or A1796C 

alleles was not significantly different among the different 

study groups. Furthermore, corin gene SNPs are not 

associated with plasma corin levels neither in the study 

cohort nor in T2DM patients with CVDs. 

Epidemiological studies of large population-based 

cohorts have shown that the minor 1757T-1796C corin 

allele is more common in African-Americans than in 

Caucasians (~12% vs. <0.2% carrying one or more 

copies of the allele) 
[20]

. The C1757T and A1796C SNPs 

result in T555I and Q568P amino acid substitutions, 

respectively. It has been previously demonstrated that 

these variants impair the biological activity of corin by 

impairing its zymogen activation. In functional assays, 

T555I and Q568P corin variants had slightly lower 

activities than that of wild-type but the difference was not 

statistically significant. Moreover, these corin variants 

had a reduced activity for the processing of natriuretic 

peptides compared with that of wild type, indicating that 

these variants may impair corin function, thereby 

lowering its biological activity 
[21, 44]

. Despite these 

considerations, we do not have direct molecular data that 

the activity of corin is altered as a result of the C1757T 

and A1796C SNPs, and, therefore, we cannot exclude the 

possibility that these SNPs may be in linkage 

disequilibrium with another yet-to-be-identified causal 

variant.  We focused on two corin SNPs that have the 

highest a priori likelihood of altering protein function. 

However, it may be argued that a more comprehensive 

examination of the total allelic variation of the corin 

locus in more diverse populations using a haplotype-

based approach will yield additional insights. 

Conclusions 

In conclusion, to the best of our knowledge, the present 

study is the first to provide a statistical elucidation of the 

clinical value of the furin levels in the risk assessment of 

CVDs in T2DM patients. Our findings indicate that a 

routine measurement of furin levels can improve the 

predictive ability of CVDs in T2DM patients. Our 

findings are expected to encourage designing future 

studies with larger cohorts of patients from different 

ethnic populations. Further studies are warranted to 

determine if plasma furin levels are changed in patients 

with cardiovascular complications over a longer period 

following medical treatment and if the changes correlate 

with the underlying pathology. Such studies shall help to 

understand the diagnostic and prognostic values of furin 

and may also help to translate basic discoveries in furin 

research into novel strategies to treat cardiovascular 

complications. 
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