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Abstract

Dysregulation of matrix metalloproteinases-9 (MMP-9) and tissue inhibitors of
matrix metalloproteinases-1 (TIMP-1) may contribute to the development of
cardiovascular diseases in type 2 diabetes mellitus (T2DM) patients. The aim of this
study was to determine the effects of chronic hyperglycemia on serum
concentrations of MMP-9 and TIMP-1of T2DM patients without dyslipidemia (one
of atherosclerosis risk factors) and with duration less than 5 years in comparison
with T2DM patients with dyslipidemia and with duration more than 10 years and
controls. Also to investigate if serum levels of MMP-9 and TIMP-1 could be
potential markers for early detection of the development of cardiovascular
complications in T2DM patients without dyslipidemia. This study consisted of 24
T2DM patients without dyslipidemia, 30 T2DM patients with dyslipidemia, and 26
healthy subjects. A variety of inflammatory markers including: MMP-9, TIMP-1,
IL18 and hs-CRP were compared among the three groups. The BMI was similar
among the three groups. A significant increase of WHR, WHtR, FPG, TC, TG,
LDL-C, VLDL-C, AIP, atherogenic ratio-1, atherogenic ratio-2, hs-CRP, MMP-9,
TIMP-1 and IL-18 with a significant decrease of HDL-C, B Cell% and S% among
the three groups. MMP-9 of T2DM patients without dyslipidemia and with duration
less than 5 years showed a significant positive correlation with FPG and a
significant negative correlation with TC. MMP-9 of T2DM patients with
dyslipidemia and with duration more than 10 years showed significant negative
correlation with LDL-C. TIMP-1 of T2DM patients with dyslipidemia and with
duration more than 10 years showed a significant negative correlation with TC, TG,
VLDL-C and atherogenic ratio-1. The significant increased levels of both MMP-9
and TIMP-1 in T2DM patients without dyslipidemia and with duration less than 5
years compared to controls showed that those patients have risk factor for
cardiovascular complications. This study suggests that MMP-9 and TIMP-1 may be
potentially useful as markers in T2DM patients at risk of progression of
cardiovascular diseases.

Keywords: MMP-9; TIMP-1; T2DM; dyslipidemia; cardiovascular disease.
Q,é dile gl) LBl (el alda & by Al TIMP-1 s MMP-9 &l gia u-°' &)yl
Olal) pdaal) (o Y 5l (g Sl
iy Juy ¢ dgdll ciy T agagl ve 3

LGhad) ¢ 2asy ol daals cahell LIS cp el 0!
el Appeaiind dnalalle g Sul) Eilads ZMal il 35 cdeliall dle b Ganadil?

*Email: shath_a@yahoo.com
622



Wadood et. al. Iragi Journal of Science, 2015, Vol 56, No.1C, pp:622-632

-

Aadall
tissue inhibitors of matrix s (MMP-9) matrix metalloproteinases—9 adas & Jall
e Sl (mye A Adlesll Q) mll ket A agnd 3 (TIMP-1) metalloproteinases—1
J Al SSIEN e aall b esall Sl g il il aaat e duball o3 e Caagll. S gl
shall dalse e aalg) aall g8 Chlaal e (S gl e Sl myal TIMP-1 5 MMP-9
S gl G (Sul) mye pe AL Glgin 5 (e JB Gyl 320 CilSy (Ol laaty LS
L olanaV) desene oo Leislies Clsin 10 0o S papall 520 Sy 2dl (500 o) o
e LSl aiSll dlding cldle 588 38 TIMP-1 s MMP-9 () dliad) cilygial 13 Lo il
Laball oda adll (a0 bl Gsn SB gl e (oSl mpad Aol Q) Clicliae ki
S sl a8 (210030 ) cpall Gsaa hlaal (50 S E ) (e (g)S (ane24) e
IL18 : (et Lalgil) ldlal) (g e gt de gama oo laaal (alad) (26) 5 cpdll ()83 Ciblaial g
O Agliie cul€ BMIJ) a8 A0 jualaall G Wil @i hs-CRP , TIMP-1,MMP-9
LDL- ,TG ,TC ,FPG (WHIR WHR (s J<U 4;gima 315 Cijgaal Aubyall o328 4D aualaall
,MMP-9 (hs-CRP ,atherogenic ratio-2 ,atherogenic ratio-1 AIP (C,VLDL-C
D plaall an 8% 5 B Cell% HDL-C & (g5ina oliais cuyelaly IL-18 STIMP-1
Glsis 5 e J8 Gage 3ae gy pall s bzl sy SO gl o g)Sudl o MMP-9
gl (e 8l (i d MMP-9 . TC ae lls (g5iaa Lyl FPG e cange (g5ima b)) jeal
o Al gsine Ll gl Glsin 10 o SS) Gage B gay pall a0 Qhlaal aay SB
10 e SS) Gy 330 pag pll a3 hlacal pag (SBI g5ill (e (g )Sud) (sl TIMP-1 .LDL-C
Al 3330 .atherogenic ratio—1 VLDL-C (TG ,TC xe llu (g5ina Lol &gl ilgins
O hlaal e S gl e (oSl omped TIMPTLMMP-9 (e JS1 liadl) cilygial) 8
Dhal) dele gl amyal) eWsa o) Capelal elanal) pe Alaally g 5 e J8) (iapal) 520 gay a2l
e (155 38 TIMP=1 s MMP=9 ciligise (uld o Zubyall o8 can sl L ale ) () cilic Liadd
Al sl QB el skt el (i yedl (S £l e (Sl e 8 VY S

Introduction

Cardiovascular complications are the leading cause of increasing premature mortality in diabetic
patients despite the progress in the diagnosis and the treatment of this disease [1]. Matrix
metalloproteinases (MMPs) are members of a family of Zn*? and Ca™ dependent endopeptidases,
which are essential for cellular migration and tissue remodeling in both physiological and pathological
conditions [2]. MMPs are secreted by many types of cells as pro-enzymes. On activation by
proteolytic cleavage, activated enzymes are capable of degrading many extracellular matrix (ECM)
components [3]. It has been proven that MMPs play an important role in atherosclerosis and the
rebuilding of vascular wall [4]. The relationship between MMPs and their inhibitors (tissue inhibitors
of matrix metalloproteinases — TIMPs) and diabetic angiopathy is less well defined .Hyperglycemia
directly or indirectly (e.g., via oxidative stress or advanced glycation products) might increase MMP
expression and activity in large vessels [5]. Among MMPs, MMP-9 (92 KDa) is capable of degrading
gelatins, fragments of collagens degraded by collagenases, and type IV collagen, which forms
basement membranes [6]. The role of MMP-9 in cardiovascular disease is supported by genetic study
that showed that variations in the MMP-9 gene were related to the presence and severity of
atherosclerosis [7]. Circulating MMP-9 levels are increased in type 2 diabetes mellitus (T2DM)
patients with coronary artery disease [8]. Within atherosclerotic plagues an imbalance between MMP-
9 and TIMP-1 may induce matrix degradation, resulting in an increased risk of plaque rupture [9].
Hyperglycemia associated with T2DM can lead to inflammation [10]. Inflammation is the major
pathogenetic mechanism associated with the vascular complications of T2DM [11,12]. Interleukin-18
(IL-18), as a pro-inflammatory cytokine, is involved in the development and progression of both
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atherosclerosis and T2DM [13]. IL-18 induces the production of tumor necrosis factor (TNF)-a, which
in turn promotes the synthesis and release of 1L-6 and C-reactive protein (CRP) [14].

Low high density lipoprotein (HDL-C) and high triglyceride (TG) concentrations have been separately
discussed as possible independent predictors of cardiovascular disease, the combination of these 2
conditions, also called atherogenic dyslipidemia may be even more deleterious. Such atherogenic
dyslipidemia profile is particularly prevalent in patients with T2DM, obesity, metabolic syndrome,
and/or established cardiovascular disease—a number of conditions associated with a high vascular risk
[15, 16].

The aim of this study is to determine the effects of chronic hyperglycemia in T2DM patients
(without dyslipidemia and with duration less than 5 years) on serum MMP-9 and TIMP-1
concentrations compared with T2DM patients with dyslipidemia and duration more than 10 years and
control group, also to investigate if serum MMP-9 and TIMP-1 levels could be used as potential
markers for early detection of the development of cardiovascular complications in T2DM patients.
Materials and methods
StudyPopulation

Patients enrolled in the present study were subdivided to with or without dyslipidemia, which is
one of the risk factors for atherosclerosis (HDL-C <40 mg/dL and TG >150 mg/dL) [16]. Iraqi T2DM
patients (24) without dyslipidemia (group P1) with diabetes duration 2.47+1.85 years and (30) T2DM
patients with dyslipidemia (group P2) with diabetes duration 11.40+1.81 years were selected from
National Diabetes Center for Treatment and Research, Al-Mustansiriya University, Baghdad, Iraq
from October 2013 to March 2014 with the ages ranging from 40 to 63 years. All T2DM patients were
diagnosed based on their medical history according to the American Diabetes Association criteria [17].
Healthy subjects (26) with the ages ranging from 42 to 62 years were used as control (group C). All
participants gave written informed consent and the exclusion criteria include: Cushing's disease,
acromegaly , chronic pancreatitis, pancreatactomy , pregnancy, history or even manifestation of
nephropathy, chronic renal failure, malignancies and chronic or acute inflammatory disease, also
patients who were taking aspirin, lipid lowering therapy and insulin therapy, history of smoking or
alcohol drinking were excluded.

The systolic (SBP) and diastolic (DBP) blood pressure (mmHg) were measured by mercury
sphygmomanometer with adult cuff in sitting position. Venous blood samples were collected after
overnight fasting between 08.00 and 11.00 a.m. The blood sample was divided into two aliquots; 2 and
8 ml. The first aliquot was dispensed for tube containing ethylene diamine tetra acetic acid and used
for estimation of fasting plasma glucose (FPG), insulin level and lipid profile. The second aliquot was
dispensed in a plain tube and left to clot at room temperature. Then, it was centrifuged at 3000 rpm to
collect serum. The serum was divided into aliquots (250ul) in Eppendorff tubes and stored at (-20°C)
until used. Anthropometrical indexes: these include: body mass index (BMI), waist to hip ratio
(WHR), and waist to height ratio (WHtR) were calculated.

Laboratory Methods

FPG and lipid profile (total cholesterol TC and TG) were measured by enzymatic colorimetric

methods with commercially available kits from SPINREACT Company, Spain.
(HDL-C) was measured using kit from Randox Company, U.K. Fasting plasma Insulin (FPI) was
measured by enzyme linked immunosorbent assay (ELISA) [DRG Company (Germany)]. HOMA2
parameters [Insulin resistance (HOMAZ2-IR), beta cell% (B cell%) and sensitivity% (S %)] were
calculated using HOMAZ calculator [18]. MMP-9, TIMP-1, IL-18, and hs- CRP (Intra- and inter-assay
coefficients of variation were CV<10% and CV<12% respectively), were measured by (ELISA) kits
from RayBiotech. Company, USA. Atherogenic Index of Plasma (AIP) was determined using the
equation of Dobiasova [19]: AIP =Log (Tg/HDL-C), while Atherogenic ratios were determined using
the equation of Georgiadis [20]: Atherogenic ratio-1= (TC/HDL-C) and Atherogenic ratio-2= (LDL-
C/HDL-C).

All experimental procedures involving human participants were conducted with due attention to the
guidelines approved by the research ethical committee at National Diabetes Center for Treatment and
Research at Al-Mustansiriya University.

Statistical analysis

Statistical Package for the Social Sciences (SPSS), version 16.0 for windows software (SPSS Inc.,

Chicago, Ill, USA) was used for statistical analysis. The data were normally distributed and were
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expressed as mean * standard deviation (SD). Statistical tests were carried out by one-way analysis of
variance (ANOVA) followed by post hoc test. A difference among groups was defined to be
statistically significant if the corresponding p-value was less than 0.05. Correlations between variables
were determined by Pearson correlation coefficients (r-values).

To assess the diagnostic accuracy of the MMP-9, TIMP-1, IL-18, and hs- CRP for predicting the
risk of atherosclerosis in diabetic patients, receiver operating characteristic (ROC) plots [21] were
performed. The area under the ROC curve (AUC) and 95% confidence interval were calculated for
each plot.

Results
Anthropometric indexes& lipid profile

The summary of the data of the groups (C), (P1) and (P2) are shown in Table-1. The BMI was
similar among the three groups. The WHR and WHtR showed a significant difference among the three
groups. The lipid profile showed a significant difference in the TC, TG, HDL-C, LDL-C, VLDL-C,
AIP, atherogenic ratio-1 and atherogenic ratio-2 among the three groups.

Comparison of inflammatory markers among the three groups

As shown in Table (1), The inflammatory markers such as MMP-9, TIMP-1, IL-18 and hsCRP
increased significantly in group (P1) and group (P2) in comparison with group (C) Figure-1. TIMP-
1of group (P2) increased significantly in comparison with group (P1). MMP-9/TIMP-1 ratio increased
in group (P1) as compared to group (C) but this difference was not statistically significant. While this
ratio in group (P2) as the same as of group (C).

Table 1- The differences of various parameters among the three groups (C), (P1) and (P2).

Parameter C (n=26) (P1)(n=24) (P2)(n=30) P value
Mean (xSD) Mean (xSD) Mean (xSD)
Gender(male/female) 17/9 16/8 20/10 0.832
age(year) 51.54+75 53.3346.81 55.2045.27 0.501
Diabetes duration(year) | - 2.47+1.85 ° 11.40+1.817 "¢ 0.000
BMI(Kg/m?) 26.38+1.68 26.83+1.79 26.88+1.83 0.661
WHR 0.93x0.05 0.98+0.05" ° 0.99+0.037° 0.034
WHIR 0.5620.04 0.590.04 0.60£0.06" " 0.047
SBP mmHg 119.96+2.86 120.42+2.10 120.67+3.65 0.723
DBP mmHg 79.96+0.34 80.00+0.42 80.50+2.08 0.543
Drugs
Aspirin 0 0 0
Statin 0 0 0
Diet alone - 5 0
Metformin - 9 8
metformin and sulfonyl urea - 10 22
Antihypertensive medication - 0 30
FPI (ulU/ml) 7.24%5.90 15.53+10.84° 11.75+7.94 0.017
FPG (mg/dl) 87.46+7.96 158.71+47.4377° 224.27+72.837 "¢ 0.000
B Cell% 95.57+50.77 64.65+44.85° 23.10£11.20" > 7° 0.000
%S 148.94+67.33 63.79+50.76" ° 53.40+21.00 ° 0.000
HOMA2-IR 0.93+0.74 2.27+1.40° 1.90£0.90™ 0.011
TC (mg/dl) 148.85+18.86 157.25+22.94 225.80+33.297 "¢ 0.000
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TG (mg/dI) 92.50+17.24 118.79+26.29 218.67+134.10" °° 0.000
HDL-C(mg/dI) 54.04+8.43 51.75+7.09 38.50+1.44 "¢ 0.000
LDL-C(mg/dI) 77.12+17.70 82.38+20.91 139.57422.49" ¢ 0.000
VLDL-C(mg/dl) 18.96+4.48 23.79+5.18 43.73+26.84 °° 0.000
AIP 0.23+0.10 0.3620.13 0.66+0.30" °° 0.000
atherogenic ratio-1 2.77+0.52 3.09+0.58 5.51+1.34" "¢ 0.000
atherogenic ratio-2 1.46+0.41 1.63+0.47 3.37+0.66 "¢ 0.000
hs-CRP (mg/l) 1.51+0.78 2.75+1.537° 3.2741.55 " 0.000
MMP-9(ng/ml) 1203.41+357.83 | 145573+281.61° | 1476.75+260.81" " 0.002
TIMP-1 (ng/ml) 669.65+95.72 739.08+112.36° | 817.13+#69.44" >7° | 0.000
MMP-9/TIMP-1 ratio 1.82+0.64 2.03+0.59 1.82+0.36 0.267

IL-18(pg/ml) 175.97+44.36 238.70450.117° 274.83+90.02° " 0.000

Data were expressed as mean +SD.

BMI: body mass index; WHR: waist to hip ratio ;WHtR: waist to height ratio; FPG: fasting plasma glucose; FPI:
fasting plasma insulin; SBP: systolic blood pressure; DBP: diastolic blood pressure; TC: total cholesterol; TG:
triglycerides ;LDL-C: low density lipoprotein cholesterol; HDL-C: high density lipoprotein-cholesterol; VLDL-
C: very low density lipoprotein-cholesterol; HOMA: homeostasis model assessment ; Atherogenic Index of
Plasma (AIP):[Log(TG/HDL-C)]; Atherogenic ratio-1: (TC/HDL-C) ; Atherogenic ratio-2: (LDL-C/HDL-C);
hs-CRP: high sensitivity C-reactive protein ; MMP-9: matrix metalloproteinase-9; TIMP-1: tissue inhibitors of
metalloproteinase-1.

Statistical tests were carried out by one-way analysis of variance (ANOVA) followed by post hoc test.

" p<0.05; “p<0.01; ““p<0.001; no asterisk: P>0.05.

% indicate significant difference between groups (C) and (P1) based on multiple comparison.

®indicate significant difference between groups (C) and (P2) based on multiple comparison.

¢ indicate significant difference between groups (P1) and (P2) based on multiple comparison.
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Figure 1-Comparison of inflammatory markers MMP-9 and TIMP-1 among the three groups (C), (P1) and (P2).

Correlations of inflammatory markers

MMP-9 of group (P1) showed a significant positive correlation with FPG and a significant negative
correlation with TC, as shown in Table-2 and Figure-2. hs-CRP showed a significant positive
correlation with weight and a significant negative correlation with DBP. MMP-9 of group (P2), as
shown in Table-3 and Figure-3, showed a significant positive correlation with weight, height, DBP
and a significant negative correlation with LDL-C. TIMP-1 showed a significant negative correlation
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with TC, TG, VLDL-C and atherogenic ratio-1 Figure-4. 1L-18 showed a significant positive
correlation with BMI, waist, hip, WHtR, TG, VLDL-C, HOMA2-IR, AIP, atherogenic ratio-1 and

showed a significant negative correlation with HDL-C.

Table 2-The Pearson correlation analysis of group (P1).

Parameter hs-CRP (mg/L) MMP-9(ng/ml) TIMP-1 (ng/ml) IL-18(pg/ml)

r p r p r p r P
weight(Kg) 0.522" | 0.009 -0.089 | 0.679 0.040 | 0.851| 0.208| 0.331
Height(cm) -0.138 | 0.521 0.101 | 0.638 -0.054 | 0.802| 0.334| 0.111
BMI(Kg/m2) 0.212 | 0.319 -0.218 | 0.307 0.055| 0.800| 0.067| 0.756
waist(cm) 0.090 | 0.677 0.102 | 0.637 -0.067 | 0756 | 0.175| 0.413
Hip(cm) 0.156 | 0.467 0.218 | 0.306 -0.318 | 0.130 | -0.038| 0.862
WHR -0.040 | 0.854 -0.113 | 0.600 0.302 | 0.151| 0.288| 0.173
WHIR 0.114 | 0.596 0.043 | 0.841 -0.053 | 0.805| -0.003| 0.987
SBP mmHg 0.034 | 0.875 -0.012 | 0.956 -0.356 | 0.088 | -0.269 | 0.203
DBP mmHg -0.491" | 0.015 -0.162 | 0.449 0.082 | 0.703| -0.055| 0.797
FPI( plU/ml) 0.186 | 0.385 0.113 | 0.599 0213 | 0.317| 0.188| 0.378
FPG(mg/dl) 0.176 | 0.412| 0.554 | 0.005 -0.265| 0211 | 0.231| 0.277
B Cell% -0.095 | 0.658 -0.144 | 0.503 0.188 | 0.379| 0.026 | 0.903
%S -0.353 | 0.091 -0.208 | 0.329 0.146 | 0.497 | -0.114 | 0.594
HOMAZ2-IR 0.219 | 0.305 0.279 | 0.186 0.140 | 0515| 0.306 | 0.146
TC(mg/dl) -0.082 | 0.703| -0.418" | 0.042 -0.174 | 0.417 | -0.197 | 0.356
TG (mg/dl) -0.026 | 0.903 -0.180 | 0.400 0.107 | 0.619| 0.047 | 0.826
HDL-C(mg/dI) 0.192 | 0.369 -0.215 | 0.313 0.114 | 0597 | -0.160 | 0.456
LDL-C(mg/dI) -0.195 | 0.362 -0.364 | 0.08 -0.236 | 0.266 | -0.177 | 0.407
VLDL-C(mg/dl) -0.021 | 0.924 -0.175 | 0.413 0.107 | 0.618| 0.061| 0.779
AlP -0.095 | 0.659 -0.044 | 0.839 0.020 | 0925| 0.102| 0.635
atherogenic ratio-1 -0.208 | 0.329 -0.135 | 0.529 -0.207 | 0.333| -0.037 | 0.864
atherogenic ratio-2 -0.254 | 0.232 -0.178 | 0.406 0241 | 0256 | -0.079| 0.714
hs-CRP (mg/L) 1 — 0.025 | 0.908 0.112 | 0.603 | -0.091| 0.672
MMP-9(ng/ml) 0.025 | 0.908 1 — 0229 | 0281 0.347| 0.097
TIMP-1 (ng/ml) 0.112 | 0.603 -0.229 | 0.281 1 — 0.142 | 0.508
MMP-9/TIMP-1 ratio -0.079 | 0715 0.795 | 0.000| -0.749 | 0.000 0.117 | 0.586

IL-18(pg/ml) -0.091 | 0.672 0.347 | 0.097 0.142 | 0.508 1 —

" p<0.05; "p<0.01;  p<0.001; no asterisk: P>0.05.
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Figure 2-The significant correlation of serum MMP-9 of group (P1) with (a) FPG and (b) TC.
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Table 3-The Pearson correlation analysis of group (P2).

Parameter hs-CRP (mg/L) MMP-9(ng/ml) TIMP-1 (ng/ml) IL-18(pg/ml)

r p r p r p r p
weight(Kg) -0.059 | 0.756 0.389" | 0.034 0.180 | 0.340 0.294 | 0.115
Height(cm) -0.010 | 0.959 | 0518 | 0.003 0.164 | 0.386| -0.006 | 0.974
BMI(Kg/m2) -0.040 | 0.834 -0.106 | 0.579 -0.060 | 0.753| 0.442° | 0.014
waist(cm) 0.190 | 0.314 -0.015 | 0.938 0.071 | 0.708 | 0.468~ | 0.009
Hip(cm) 0.266 | 0.155 -0.057 | 0.765 0.136 | 0.473| 0.437°| 0.016
WHR -0.255 | 0.173 0.127 | 0.502 -0.171 | 0.366 0.055 | 0.772
WHIR 0.190 | 0.314 -0.257 | 0.171 0.005| 0979 | 0.448" | 0.013
SBP mmHg 0.090 | 0.635 0.050 | 0.791 -0.053 | 0.781 0.164 | 0.386
DBP mmHg -0.155 | 0.413 0.423" | 0.020 0.247 | 0188 -0.300| 0.107
FPI( ulU/ml) 0.168 | 0.375 0.267 | 0.153 -0.047 | 0.803 0.340 | 0.066
FPG(mg/dl) -0.006 | 0.977 0.177 | 0.349 -0.051 | 0.788 0.074 | 0.696
B Cell% 0.200 | 0.289 0.014 | 0.940 -0.172 | 0.365 0.238 | 0.205
%S -0.207 | 0.272 -0.257 | 0.171 0.216 | 0.251| -0.353| 0.056
HOMA2-IR 0.126 | 0.508 0.280 | 0.134 -0.141 | 0457 0.373°| 0.042
TC(mg/dl) -0.241 | 0.199 -0.270 | 0.149| -0.440" | 0.015 0.059 | 0.758
TG (mg/dl) -0.273 | 0.145 -0.028 | 0.885| -0.3737| 0.042| 0.372° | 0.043
HDL-C(mg/dl) 0.187 | 0.321 0.035 | 0.856 0.076 | 0.691| -0.451" | 0.012
LDL-C(mg/dl) -0.102 | 0592 | -0.379" | 0.039 -0.241 | 0200 -0.187 | 0.322
VLDL-C(mg/dl) -0.273 | 0.144 -0.028 | 0882 -0.368" | 0.045| 0.371° | 0.044
AlP -0.332 | 0.073 0.015 | 0.937 -0.253 | 0.177| 0.429" | 0.018
atherogenic ratio-1 -0.281 | 0.132 -0.147 | 0439 -0.369" | 0.045| 0.387 | 0.035
atherogenic ratio-2 -0.234 | 0.213 -0.300 | 0.107 -0.333 | 0.073 0.264 | 0.158
hs-CRP (mg/L) 1 — -0.247 | 0.188 -0.046 | 0.808 0.352 | 0.057
MMP-9(ng/ml) -0.247 | 0.188 1 — -0.072 | 0.707| -0.207 | 0.273
TIMP-1 (ng/ml) -0.046 | 0.808 -0.072 | 0.707 1 — -0.265 | 0.157
MMP-9/TIMP-1 ratio -0.175| 0.356| 0.892" | 0.000 | -0.500" | 0.005 | -0.100 | 0.600

IL-18(pg/ml) 0.352 | 0.057 -0.207 | 0.273 -0.265 | 0.157 1 —

"p<0.05; "p<0.01;  p<0.001;

no asterisk: P>0.05.
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Figure 3-The significant correlation of serum MMP-9 of group (P2) with (a) weight, (b) height, (c) DBP and (d)

LDL-C.
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Figure 4-The significant correlation of serum TIMP-1 of group (P2) with (a) TC, (b) TG, (c) atherogenic ratio-1
and (d) VLDL-C.

ROC analyses

Comparison of AUC showed that TIMP-1 had the highest diagnostic values for detection between
groups (C) & (P1), (C) & (P2) and (P1) & (P2) and the MMP-9 had the lowest values as shown in
Table-4.

Table 4-The Areas under the ROC curves (AUC).

Parameter groups (C) & (P1) groups (C) & (P2) groups (P1) & (P2)
MMP-9(ng/ml) 0.697* 0.753** 0.524
TIMP-1 (ng/ml) 0.703* 0.922*** 0.702*

Values are areas under the ROC curves (AUC). * p<0.05; **p<0.01; ***p<0.001; no asterisk: P>0.05.

Discussion

High glucose significantly amplifies MMPs expression and activity, leading to an upset in the
balance between ECM synthesis and degradation [22]. Rupture prone atherosclerotic lesions are
characterized by the accumulation of activated mononuclear inflammatory cells (MNCs) and their
increased expression of MMPs [23]. In MNCs, MMP-9 is strongly inducible by a number of
inflammatory mediators, including TNF-a and oxidized LDL [24]. Studies suggest that interaction of
primary monocytes with ox-LDL and proinflammatory cytokines may contribute to wvascular
remodeling and plaque rupture [25]. MMP-9 appears to participate in several stages of atherosclerosis.
Matrix degradation is a prerequisite for monocyte recruitment because cell transmigration across the
endothelium requires disruption of the basement membrane [26].As shown in Table-1, serum levels of
MMP-9, TIMP-1, IL-18 and hs-CRP increased in groups (P1) and (P2) in comparison with group (C)
that may confirm the inflammatory state in these groups. Although there was no significant difference
between groups (P1) and (P2) (except TIMP-1), but an increase in their levels as the duration of the
disease increased was found.
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TIMP-1 showed significant increase in group (P2) in comparison with groups (P1) and (C). This
may be explained that this increase is to inhibit the increased levels of MMP-9.

In this study, serum levels of MMP-9 were higher in patients than in control groups. These findings
were in line with previous study, who they concluded that the expression and the gelatinolitic activity
of MMP-9 were induced by high glucose exposure [27]. Another study observed that MMP-9 activity
was enhanced in diabetic rats [22]. Our finding was also in agreement with previous studies [28a-30].
In this study we demonstrated that serum TIMP-1 concentration is significantly higher in diabetic
patients as compared to control group. These data can confirm what has already been observed in the
previous studies [30, 31], [28a], who they found a significant increased in TIMP-1 levels in patients
with T2DM in comparison with controls.

It was suggested that MMP-9 is released from blood vessels into the bloodstream in T2DM to a
greater extent than in healthy individuals, which may contribute to increased chronic local
inflammation of blood vessels among T2DM. Additionally, the endothelium in blood vessels from
diabetics may activate MMP-producing cells in the circulation [32].

Another issue that warrants discussion is the possible relationship between MMP-9 and insulin.
Our data do not provide convincing support for a significant direct effect of either acute or chronic
hyperinsulinemia on serum MMP-9. These findings were in agreement with previous study on MMP-9
in women with polycystic ovary syndrome [33]. Our results were also in line with another study, who
they reported either lack of a direct correlation between MMP-9 and HOMA-IR [28b], or just a
relatively weak correlation between plasma MMP-9 and fasting insulin (r2 = 0.16, p = 0.04) [34].
There were, however, studies that demonstrated an increase in free MMP-9 (zymographic method) in
aortic tissue of male rats during euglycaemic hyperinsulinaemic clamp [35], or in monocytes of
hyperinsulinaemic and obese mice [36].

As shown in Table-2, serum MMP-9 levels of group (P1) showed a significant positive correlation

with FPG ; a finding that shares the demonstration of investigator who reported that a hyperglycemic
environment could up-regulate the mRNA expression of MMP-9 in tendon cells [37].
These findings may explain, in part, the molecular mechanisms underlying diabetes associated CVD.
Serum TIMP-1land MMP-9 levels were higher in group (P2) as compared to group (P1). The MMP-
9/TIMP-1 ratio is an independent predictor of the stability of atherosclerotic plaque and the severity of
coronary atherosclerosis [38]. In this study, the MMP-9/TIMP-1 ratio increased in group (P1) in
comparison to groups (C) and (P2) which may be due to increased levels of TIMP-1 to counter the
increased levels of MMP-9. Our finding was in agreement with previous study [30]. It was suggested
that circulating 1L-18 level is a useful biomarker for atherosclerosis prone patients with metabolic
syndrome [39]. Another study showed that IL-18 induces smooth muscle cell (SMC) migration
through the induction of activator protein-1(AP-1) and necrosis factor (NF-xB) mediated MMP9
expression [40].

The present study showed significant increase in serum IL-18 and hs-CRP levels in group (P1) as
compared to group (C) and this may reflect the chronic inflammation in group (P1) and propagation of
atherosclerosis. This occur in accompanied with significant increase in serum MMP-9 and TIMP-1
levels in group (P1) as compared to group (C) and as shown in Table-2, there is association between
hyperglycemia and MMP-9 in group (P1).

5. Conclusion

The results showed that serum levels of MMP-9, TIMP-1, IL-18 and hs-CRP increased in diabetic

patients without dyslipidemia and with duration less than 5 years group (P1) as compared to healthy

subjects and this may reflect abnormal ECM metabolism. This lead to suggest that serum levels of

MMP-9 and TIMP-1 may be potential predictor of early development of cardiovascular complications

in diabetic patients.

References:

1. Zhang, H., Dellsperger C., and Zhang C. 2012. The link between metabolic abnormalities and
endothelial dysfunction in type 2 diabetes: an update, Basic Res. Cardiol; 107(1); PP: 1-8.

2. Moore, C., and Crocker S. 2012. An Alternate Perspective on the Roles of TIMPs and MMPs in
Pathology, The American J. Pathology; 180(1); PP: 12-16.

3. Papazafiropoulou, A., and Tentolouris, N. 2009. Matrix metalloproteinases and cardiovascular
diseases, Hippokratia; 13(2), PP: 76-82.

630


http://www.ncbi.nlm.nih.gov/pubmed/?term=Papazafiropoulou%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tentolouris%20N%5Bauth%5D

Wadood et. al. Iragi Journal of Science, 2015, Vol 56, No.1C, pp:622-632

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Khokha, R., Murthy, A., and Weiss, A. 2013. Metalloproteinases and their natural inhibitor
inflammation and immunity, Nature Reviews Immunology; 13; PP: 649-65.

Chung, W., Hsiang, N., Matzke, A., McManus, M., van Breemen C., and Okon, B. 2006.
Reduced expression of vascular endothelial growth factor paralleled with the increased
angiostatin expression resulting from the upregulated activities of matrix metalloproteinase-2 and
-9 in human type 2 diabetic arterial vasculature, Circ Res, 99, PP: 140-8.

Newby C. 2008. Metalloproteinase expression in monocytes and macrophages and its
relationship to atherosclerotic plaque instability, Arterioscler Thromb Vasc Biol, 28, PP: 2108—
14.

Wang, L., Ma, Y., Xie, X,, Yang, Y., Fu, Z. and Liu, F., et al. 2011. Association of MMP-9 gene
polymorphisms with acute coronary syndrome in the Uygur population of China, World  J
Emerg Med, 2(2), PP: 104-110.

Marx, N., Froehlich J., and Siam, L. 2003. Antidiabetic PPAR y-activator rosiglitazone reduces
MMP-9 serum levels in type 2 diabetic patients with coronary artery disease, Arterioscler Thromb
Vasc Biol, 23, PP: 283-88.

Szymanowski, A., Nijm, J., Kristenson, M., and Jonasson, L. 2011. Elevated levels of circulating
matrix metalloproteinase-9 are associated with a dysregulated cortisol rhythm--A case-control
study of coronary artery disease, Psychoneuroendocrinology, 36(1), PP:139-43.

Shanmugam, N., Reddy, A., Guha, M., and Natarajan, R. 2003. High glucose-induced expression
of proinflammatory cytokine and chemokine genes in monocytic cells, Diabetes, 52, PP:1256-64.
Jialal 1., Devaraj S., and Venugopal K., 2002, Oxidative stress, inflammation, and diabetic
vasculopathies: the role of alpha tocopherol therapy. Free Radic Res, 36:1331-6.

Pickup, C. 2004. Inflammation and activated innate immunity in the pathogenesis of type 2
diabetes, Diabetes Care; 27; PP: 813-23.

Dezayee, Z. 2011. Interleukin-18 can predict pre-clinical atherosclerosis and poor glycemic
control in type 2 diabetes mellitus, International Journal of Applied and Basic Medical Research;
1(2), PP: 109-112.

Bouwmeester, T., Bauch, A., and Ruffner, H. 2004. A physical and functional map of the human
TNF-alpha/NF-kappa B signal transduction pathway, Nat Cell Biol, 6, PP: 97-105.

Sirimarco, G., Deplanque, D., Lavalle’e, P., Labreuche, J., Meseguer, E., Cabrejo, L., et al. 2011.
Atherogenic Dyslipidemia in Patients with Transient Ischemic Attack, Stroke, 42(8), PP: 2131-7.
Bruckert, E., Labreuche, J., Deplanque, D. Touboul, J. and Amarenco, P. 2011. Fibrates effect on
cardiovascular risk is greater in patients with high triglyceride levels or atherogenic dyslipidemia
profile. A systematic review and meta-analysis. J Cardiovasc Pharmacol, 57: 267-72.

Expert Committee on the Diagnosis and Classification of Diabetes Mellitus, 2013, Report of the
Expert Committee on the Diagnosis and Classification of Diabetes Mellitus, Diabetes Care, 36,
PP: 567-74.

Diabetes Trials Unit, Oxford, URL. HOMA Calculator v2.2. 2007. http://www.dtu.ox.ac.uk/
index.html?maindoc=/publications/.

Dobiasova, M., and Frohlich, J. 2001. The plasma parameter log (TG/HDL-C) as an atherogenic
index: correlation with lipoprotein particle size and esterification rate in apoB-lipoprotein-
depleted plasma (FERHDL), Clin Biochem, 34, PP: 583-8.

Georgiadis, A., Papavasiliou, E., Lourida, E., Alamanos, Y., Kostara, C., and Tselepis, A. 2006.
Atherogenic lipid profile is a feature characteristic of patients with early rheumatoid arthritis:
effect of early treatment — a prospective, controlled study, Arithritis Res Ther, 8(3), PP: 1-7.
Zweig, H., and Campbell, G. 1993. Receiver-operating characteristic (ROC) plots: a fundamental
evaluation tool in clinical medicine, Clin Chem, 39, PP: 561-77.

Uemura, S., Matsushita, H., Li W., Glassford A., Asagami, T., and Lee K., et al. 2001. Diabetes
Mellitus Enhances Vascular Matrix Metalloproteinase Activity: Role of Oxidative stress, Circ
Res, 88, PP: 1291-8.

Fischoeder, A., Meyborg, H., Stibenz, D., Graf, E., and Stawowy, P. 2007. Insulin augments
matrix metalloproteinase-9 expression in monocytes, Cardiovasc Res, 73 (4), PP: 841-8.
Stawowy, P., Meyborg, H., Stibenz, D., Borges, N., Roser, M., and Thanabalasingam, U. 2005.
Furin-like proprotein convertases are central regulators of the membrane type matrix

631


http://www.nature.com/nri/journal/v13/n9/full/nri3499.html#auth-1
http://www.nature.com/nri/journal/v13/n9/full/nri3499.html#auth-2
http://www.nature.com/nri/journal/v13/n9/full/nri3499.html#auth-3
javascript:void(0)
http://www.ncbi.nlm.nih.gov/pubmed?term=Szymanowski%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20674181
http://www.ncbi.nlm.nih.gov/pubmed?term=Nijm%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20674181
http://www.ncbi.nlm.nih.gov/pubmed?term=Kristenson%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20674181
http://www.ncbi.nlm.nih.gov/pubmed?term=Jonasson%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20674181
http://www.ncbi.nlm.nih.gov/pubmed/20674181
http://www.dtu.ox.ac.uk/
http://cardiovascres.oxfordjournals.org/search?author1=Arne+Fischoeder&sortspec=date&submit=Submit
http://cardiovascres.oxfordjournals.org/search?author1=Heike+Meyborg&sortspec=date&submit=Submit
http://cardiovascres.oxfordjournals.org/search?author1=Dietger+Stibenz&sortspec=date&submit=Submit
http://cardiovascres.oxfordjournals.org/search?author1=Kristof+Graf&sortspec=date&submit=Submit
http://cardiovascres.oxfordjournals.org/search?author1=Philipp+Stawowy&sortspec=date&submit=Submit

Wadood et. al. Iragi Journal of Science, 2015, Vol 56, No.1C, pp:622-632

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

metalloproteinase promatrix metalloproteinase-2 proteolytic cascade in atherosclerosis,
Circulation, 111, PP: 2820-7.

King, G. 2008. The Role of Inflammatory Cytokines in Diabetes and Its Complications, J.of
periodontology, 79, PP: 1527-34.

Schéfers, M., Schober, O., and Hermann, S. 2010. Matrix-Metalloproteinases as Imaging Targets
for Inflammatory Activity in Atherosclerotic Plaques, J. Nucl Med, 51, PP: 663-6.

Death, K., Fisher, J.,, McGrath, C., and Yue, K. 2003. High glucose alters matrix
metalloproteinase expression in two key vascular cells: potential impact on atherosclerosis in
diabetes, Atherosclerosis, 168, PP: 263-9.

a. Derosa, G., D’Angelo, A., Tinelli, C., Devangelio, E., Consoli, A., and Miccoli, R., et al.
2007. Evaluation of metalloproteinase 2 and 9 levels and their inhibitors in diabetic and healthy
subjects, Diabetes & Metabolism, 33, PP: 129-34.

b. Derosa, G., Ferrari, I., and D’Angelo A. 2008. Matrix metalloproteinase-2 and -9 levels in
obese patients, Endothelium, 15, PP: 219-24.

Gostiljac, D., Dordevi¢, B., Djuri¢, D., Peruniéi¢, J., Lasica R., and Colak E., et al. 2011. The
importance of defining serum MMP-9 concentration in diabetics as an early marker of the rupture
of atheromatous plaque in acute coronary syndrome, Acta Physiol Hung, 98(1), PP: 91-7.

Hopps, E., Lo Presti, R., Montana, M., Canino, B., Averna, M., and Caimi, G. 2014. Study of the
Correlations among Some Parameters of the Oxidative Status, Gelatinases, and Their Inhibitors in
a Group of Subjects with Metabolic Syndrome, Mediators of Inflammation, 2014, PP: 1-7.

Lee, W., Song, E., and Shin, S. 2005. Alterations in peripheral blood levels of TIMP-1, MMP-2,
and MMP-9 in patients with type-2 diabetes, Diabetes Res Clin Pract, 69, PP: 175-9.

Signorell,i S., Malaponte, G., Libra, M., Pino, L., Celotta, G., and Bevelacqua, V., et al. 2005.
Plasma levels and zymographic activities of matrix metalloproteinases 2 and 9 in type 1l diabetics
with peripheral arterial disease, Vascular Medicine, 10, PP: 1-6.

Lewandowski, C., Komorowski, J., and O’Callaghan, J. 2006. Increased circulating levels of
matrix metalloproteinase -2 and 9- in women with the polycystic ovary syndrome, J. Clin
Endocrinol Metab, 91, PP: 1173-7.

Glowinska-Olszewska, B., and Urban, M. 2007. Elevated matrix metalloproteinase 9 and tissue
inhibitor of metalloproteinase 1 in obese children and adolescents, Metabolism, 56, PP: 799-805.
Boden, G., and Song, W. 2008. Effects of insulin and free fatty acids on matrix
metalloproteinases, Curr Diabet Rep, 8, PP: 239-42.

Kappert, K., Meyborg, H., and Clemenz, M. 2008. Insulin facilitates monocyte migration: a
possible link to tissue inflammation in insulin-resistance, Biochem Biophys Res Commun, 365,
PP: 503-8.

Tsai, W., Liang, F., Cheng, J., Lin, L., Chang, S., and Chen, H. 2013. High glucose concentration
up regulates the expression of matrix metalloproteinase-9 and -13 in tendon cells, BMC
Musculoskeletal Disorders, 14, PP: 1-7.

Cheng, M., Hashmi, S., Mao, X., and Zeng, T. 2008. Relationship of adiponectin and matrix
metalloproteinase-9 to tissue inhibitor of metalloproteinase-1 ratio with coronary plaque
morphology in patients with acute coronary syndrome, Can J Cardiol, 24, PP: 385-90.
Yamaoka-Tojo, M., Tojo, T., Wakaume, K., Kameda, R., Nemoto, S., and Takahira, N. 2011.
Circulating interleukin-18: A specific biomarker for atherosclerosis-prone patients with metabolic
syndrome, Nutr Metab (Lond), 8, PP: 1-3.

Chandrasekar, B., Mummidi, S., Mahimainathan, L., Patel, N., Bailey, R., Imam, Z. 2006.
Interleukin-18-induced Human Coronary Artery Smooth Muscle Cell Migration Is Dependent on
NF-xB- and AP-1-mediated Matrix Metalloproteinase-9 Expression and Is Inhibited by
Atorvastatin, The Journal Of Biological Chemistry, 281(22), PP : 15099-109.

632


http://www.ncbi.nlm.nih.gov/pubmed?term=Gostiljac%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21388935
http://www.ncbi.nlm.nih.gov/pubmed?term=Dor%C4%91evi%C4%87%20PB%5BAuthor%5D&cauthor=true&cauthor_uid=21388935
http://www.ncbi.nlm.nih.gov/pubmed?term=Djuri%C4%87%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21388935
http://www.ncbi.nlm.nih.gov/pubmed/21388935

