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Abstract

Background. Patients with type 1 diabetes develop microangiopathic complications, which are
responsible for morbidity in adulthood. It had been widely known that diabetes is associated with
alteration in extracellular matrix (ECM) synthesis. Matrix metalloproteinases (MMPs) can potentially
contribute to many microvascular and macrovascular complications of diabetes. MMP-2 is responsible
for ECM breakdown and their abnormal circulating levels may pre-date clinical evidence of diabetic
angiopathy.

Aim of the work. Is to detect the plasma level and activity of matrix metalloproteinase-2, as a serum
marker for diabetic vascular diseases, in type 1 diabetic children and adolescents and to identify its
relation to the parameters of metabolic control and microvascular complications.

Design. Cross section study including sixty children and adolescents with type 1 diabetes mellitus with
age range from 7 to 18 years. They were divided into two groups according to diabetic duration. Group
I: Thirty patients with diabetes duration less than 5 years ranging from 8 months to 3 years with a mean
duration of 1.66 ± 0.75 years. Group II: Thirty patients with diabetes duration more than 5 years ranging
from 5 to 14 years with a mean duration of 7.7 ± 2.84 years. Thirty healthy children and adolescents of
comparable age, served as controls. Diabetic patients were also  divided according to microvascular
complications into complicated (n=27) and non complicated (n=33).  All patients and controls were
subjected to history taking, thorough clinical examination and laboratory investigations included;
random blood sugar, glycosylated hemoglobin (HbA1c), quantitative determination of urinary micro-
albumin, fundus examination and measuring of plasma matrix metalloproteinase-2 levels (using ELISA)
and activity.

Results.  MMP-2 levels were significantly higher in diabetic patients with disease duration more than
5 years compared to diabetic patients with disease duration less than 5 years and controls (848.96 ±
96.81, 559.56 ± 41.02 and 224.6 ± 28.4 ng/ml; P< 0.001 respectively). Highly significant increase in
MMP-2 levels in complicated compared to non-complicated diabetic patients (p<0.001). Positive
significant correlation was found between MMP-2 levels and age, disease duration, random blood
glucose and HbA1c in diabetic patients with disease duration > 5 years (r=0.37, 0.43, 0.3, 0.49
respectively, p<0.05).

Conclusion. MMP-2 concentrations are increased in a limited number of young diabetic subjects with
complications, elevated MMP-2 levels and activity could be useful as a screening marker for early
detection of diabetic microvascular complications and were correlated with parameters of metabolic
control and disease duration and their levels may pre-date clinical evidence of diabetic angiopathy.
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Introduction
Patients with type 1 diabetes develop

microangiopathic complications, which are responsible
for morbidity in adulthood. These complications usually
have a prolonged silent period characterized by early
subclinical functional and structural abnormalities [1].
The goal for clinicians dealing with young diabetics is to
reduce the risk of this long term complications.

There is increasing evidence supporting a role for
matrix metalloproteinases (MMPs) in the vascular dis-
ease [2]. However, the relationship between MMPs and
diabetic angiopathy is less well defined in children and
adolescents.

The matrix metalloproteinases (MMPs) are a fam-
ily of molecules that are associated with the breakdown
of constituents of the extracellular matrix (ECM). Once
synthesized, MMPs are secreted as inactive pro-en-
zymes that are activated by other MMPs or plasmin [3].In
turn activated MMPs can be inhibited by binding to
specific molecules known as tissue inhibitors of
metalloproteinases (TIMPs) [3]. Both MMPs and their
tissue inhibitors (TIMPs) are involved in the regulation of
the ECM metabolism [4]. ECM is a dynamic structure
that requires constant synthesis and degradation by
MMPs [5].

The most common extracellular pathology in dia-
betes is the thickening of the basement membrane as a
result of the deposition of ECM proteins [6]. The expres-
sion and activity of MMPs in diabetes thus far have been
reported predominantly in relation to macrovascular and
microvascular complications [7-9].

Hyperglycemia increases the expression of tis-
sue inhibitors of metalloproteinases (TIMPs) and can
also affect MMPs activation by decreasing plasmin
availability, and reducing the expression of membrane-
bound MMPs called MT-MMPs [10].

Little data is available on plasma levels of MMPs
in type 1 diabetes and its relationship with diabetic
angiopathy in children and adolescents. The aim of our
study was to detect MMP-2 levels and activity in type 1
diabetic children and adolescents and its relation to
metabolic control and microvascular complications.

Subjects and Methods

1.Subjects

(1) Patients:This cross sectional study included

60 patients with type 1 diabetes mellitus recruited from
the regular attendants of the Diabetes Clinic, Children’s
Hospital, Ain Shams University during the period from
September 2006 to September 2007.

They were divided into two groups according to
their disease duration.

Group I: included 30 patients with diabetes dura-
tion less than 5 years ranging from 8 months to 3 years
with a mean duration of 1.66 ± 0.75 years. Their ages
ranged between 4.5-17 years with a mean age of 9.76 ±
3.48 years. They were 14 males and 16 females.

Group II: included 30 patients with diabetes dura-
tion more than 5 years ranging from 5 to 14 years with a
mean duration of 7.7±2.84 years. Their ages ranged
between 7-18 years with a mean age of 13.9±3.29 years.
They were 13 males and 17 females.

Exclusion criteria: 1. Honeymoon period; 2. Pa-
tients on angiotensin converting enzyme inhibitor (ACEI)
or medications that alter MMP activity as tetracycline or
glucocorticoids; 3. Patients with acute inflammatory
condition, autoimmune disease or malignancy; and 4.
Patients with Hypertension (above normal percentiles to
be considered high).

(2) Control group: included 30 healthy children
and adolescents. Their ages ranged between 3-17 years
with a mean age of 8.71±3.33 years. They were 16
males and 14 females.

Informed consent was obtained by all parents.
The study was approved by the local ethical committee
of Ain Shams University and National Research Center.

2.Methods

All patients and controls were subjected to the
following: I- Careful history taking including; disease
duration, insulin therapy and history suggestive of chronic
diabetic complications; II- Thorough clinical examina-
tion with particular emphasis on:

1. Anthropometric measures; weight in kg and
height in cm were plotted against percentiles for age and
sex according to Egyptian growth charts [11].Body mass
index (BMI) was calculated,

2m)in Height or (Length 

kgin Weight 
BMI .

2. Fundus examination to diagnose diabetic retin-
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opathy by ophthalmoscope.

3. Full neurological examination by neurologist to
detect evidence of peripheral neuropathy.

4. Blood pressure measurement: patients who
had a blood pressure of greater than 150/85 mmHg had
a repeated measurement and were excluded from the
study if the blood pressure reading remained elevated.

3.Laboratory investigations:

1. Mean random blood glucose (MRBG): using
Glucocard-II blood glucose monitoring system supplied
by Arkray, Inc, Japan.

2. Glycosylated hemoglobin (HbA
1
c): was meas-

ured as a reflection of long-term glycemic control over
the preceding 12 weeks. High performance liquid chro-
matography (HPLC) supplied by Bio-Rad Diagnostic
Group was used for the estimation of HbA1c every 3
months. The most appropriate HbA1C level above which
Individuals should be informed of their increased risk for
diabetes as well as cardiovascular disease to initiate
preventive interventions is likely to be somewhere in the
range of 5.7–6.4% (American Diabetes Association
(ADA), 2010) [12]. Glycemic control in relation to HbAlc
was considered to be optimal (good) if HbA

1
c is 7.5-8.5%

in children less than 6 years and <8% in children 6-12
years old and <7.5% in children older than 12 years and
was considered suboptimal (poor) if HbA

1
c >7.5% in

children older than 12 years [13].

3. Quantitative determination of urinary micro-
albumin for diabetic nephropathy. Timed-overnight urine
sample was collected by the patient; part of the fresh
sample was examined to exclude urinary tract infection
(UTI) and overt proteinuria. Urinary albumin excretion
(UAE) was calculated using the quantitative immune-
turbidimetric assay according to Johnson [14] and UAE
was determined in relation to urinary creatinine (UCr).
The test was repeated on three occasions one-month
apart, and microalbuminuria (MA) was defined when two
out of three samples showing a UAE of 30-300mg/gm
UCr. N.B.: Calculation of mean random blood glucose,
mean HbAlc in the last one year prior to the study was
done by revising the patients files.

4. Measuring of plasma matrix metalloproteinase-
2 level and activity by two-site enzyme-linked
immunosorbent assay (ELISA) technique using kits sup-
plied by R and D systems. Inc. 614 McKinley place NE
Minneapolis, MN 55413, USA.

Blood samples were collected from a peripheral
vein and drawn into a vacutainer containing lithium
heparin for MMP-2 activity and EDTA for MMP-2 con-
centration then centrifuged, plasma stored at -80°C until
analysis. The MMP-2 assay recognizes both free and
complexed pro-MMP-2, while MMP-2 activity assay
recognizes the activated form by P-aminophenylmercuric
acetate. They do not cross-react with other MMPs.

Statistical Analysis

Data were analyzed using SPSS software pack-
age version 13.2 Echosoft corp, 2003 USA.

The mean and standard deviation were calcu-
lated and comparative analysis between the two groups
was done using student “t” test, was used to assess the
statistical significance of the difference between two
population means in a study involving independent
samples. Correlations were done using Spearman cor-
relation coefficient (r) assessing the strength of associa-
tion between two variables. For these tests a probability
(P-value) of less than 0.05 was considered significant.

Results
The clinical data of the studied groups are pre-

sented in Table 1. Weight, height, and BMI were signifi-
cantly increased in diabetics with disease duration > 5
years compared to other groups.

Table 1: Comparison between the three studied groups as
regards their anthropometric and blood pressure measurements.

Group I, Diabetics with disease duration < 5 years; Group II,  Diabetics with disease duration
> 5 years; a, Group I versus control; b, Group II Versus control; c, Group I versus Group II;
BMI, body mass index; NS, non significant.

A significant increase in the frequency of
microalbuminuria in diabetic group with disease dura-
tion more than five years as microalbuminuria was found
in 30% (9/30) of these patients, while it wasn’t found in
any of the patients with diabetes duration less than 5
years (p<0.05). Peripheral neuropathy was found in
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26.6% (8/30) of diabetics with diabetes duration less
than 5 years while it was found in 50% (15/30) of
diabetics with disease duration more than 5 years with
significant difference between both groups (p<0.05).
While retinopathy was only found in diabetics with dis-
ease duration more than 5 years representing 13.3%
(p<0.05). NB:some patients have more than one compli-
cation.

A significant difference between the two diabetic
groups as regards their random blood glucose being
higher in patients with diabetes duration more than 5
years compared to those with diabetes duration less
than 5 years (p<0.05). Also HbA

1
c and mean insulin

dose were significantly higher in patients with diabetes
duration more than 5 years compared to those with
diabetes duration less than 5 years (p<0.05; <0.001,
respectively) this is shown in Table 2.

less than five years (p<0.001). MMP-2 levels and activity
were significantly higher in patients with diabetes dura-
tion less than five years compared to controls (p<0.001).
MMP-2 levels and activity were significantly higher in
patients with diabetes duration more than five years
compared to controls (p<0.001).

Table 2: Comparison between patients with diabetes duration
less than 5 years and patients with diabetes duration more than
5 years as regards their glycemic control and insulin dose.

Group I, Diabetics with disease duration < 5 years; Group II, Diabetics with disease duration
> 5 years.

Table 3 shows the mean levels of MMP-2 in the
studied groups; MMP-2 levels and activity were signifi-
cantly higher in patients with diabetes duration more
than five years compared to those with diabetes duration

Table 3: Comparison between both groups of diabetic patients
and controls as regards their mean serum levels and activity of
MMP-2.

Group I, Diabetics with disease duration < 5 years; Group II, Diabetics with disease duration
> 5 years; a,  Group I versus control; b, Group II Versus control; c, Group I versus Group II.

Figure 1: Comparison between complicated and non complicated
diabetics as regards their mean MMP-2 levels (p<0.001).

Figure 1 demonstrated a highly significant in-
crease in mean MMP-2 levels in complicated in compari-
son to non complicated diabetic cases [773.8 ± 162.9,
647.3 ± 142.4 ng/mL, respectively] (p<0.001). Also, a
highly significant increase in activity of MMP-2 was
found in complicated compared to non complicated
diabetics and controls (160.1 ± 24, 51.5 ± 30 and 22.8 ±
11% respectively; p<0.001) (Fig. 2).

Figure 2: Comparison between complicated, noncomplicated diabet-
ics and controls as regards their mean MMP-2 activity (p<0.001).

Diabetic patients with two microvascular compli-
cations show significantly higher MMP-2 levels com-
pared to those with only one microvascular complication
having a mean of 876 ± 95.9 and 774 ± 167.8 ng/ml,
respectively, p<0.05 (Fig. 3).
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No correlation was found between MMP-2 levels
and age, disease duration, random blood glucose, HbA

1
c

as well as systolic and diastolic blood pressure in dia-
betic patients with disease duration less than 5 years
(p>0.05).

Significant positive correlation was found between
MMP-2 level and age, disease duration, random blood
glucose and HbA

1
C (p<0.05), but no correlation was

found between MMP-2 levels and both systolic and
diastolic blood pressure (p>0.05) in patients with dis-
ease duration more than 5 years as shown in table [4].

Discussion
Type 1 diabetes mellitus poses a significant health

burden, particularly as a result of its microvascular
complications. Clinically evident diabetes-related micro-
vascular complications are extremely rare in childhood
and adolescence. However, early functional and struc-
tural abnormalities may be present a few years after the
onset of the disease. Therefore, regular screening for
diabetic microvascular disease, particularly retinopathy
and nephropathy, are of foremost importance in paedi-
atric diabetes care. Early detection of diabetic
microangiopathy and timely treatment of early signs of
these complications have a pivotal role in prevention of
blindness and end-stage renal failure in children and
adolescents with diabetes [15].

In the present study random blood glucose, HbA
1
c

and insulin dose were significantly higher in diabetics
with disease duration more than 5 years (group II)
compared to those with disease duration less than 5
years (group I). This goes with that reported by the
DCCT study; hyperglycemia is thought to be an impor-

tant regulator of vascular lesion development, since the
onset and progression of complications are delayed in
patients with good glycemic control (The Diabetes Con-
trol and Complications Trial Research Group (DCCT)
1993). Recent studies have demonstrated that
hyperglycemia can modulate various intracellular
signaling events, but a possible link between these
alterations and vascular disease remains unclear [16,
17].

An important point is that MMP-2 assay systems
used in this study were able to differentiate between
active and inactive forms, therefore the serum concen-
trations obtained reflect both  increased synthesis  and
activity (MMP-2 was in its active form) of MMP-2. The
results presented are from a limited number of patients
with type 1 diabetes and conclusions should therefore
be drawn with caution.

In the present study there was a highly significant
increase in MMP-2 levels and activity in the two diabetic
groups when compared to controls with the highest level
in group II diabetics. Similar to our results Derosa et al
[18] and Gharagozlian et al [19] found that MMP-2 levels
and activity were significantly higher in type 1 diabetics
compared to healthy controls. Hyperglycemia-induced
upregulation of MMP-2 has been demonstrated in the
arterial vasculature in vivo [20] and in various vascular
components in vitro, including endothelial cells [21],
macrophages [21], and vascular smooth muscle cells
[22]. Therefore, the increase in plasma MMP-2 concen-
trations and MMP-2 activity in type 1 diabetes could be
indicative of increased vascular synthesis of MMP-2 or
could reflect the systemic transport of MMP-2, which is
being overproduced in other tissues. In fact, high glu-
cose significantly amplifies MMPs expression and activ-
ity, leading to an upset in the balance between ECM
synthesis and degradation.

Relationship between MMP 2 and disease dura-
tion could be seen in this study. In diabetics with disease
duration less than five years, no correlation was found
between MMP-2 levels and age, random blood glucose,
HbA1c, systolic and diastolic blood pressure (p > 0.05).
These findings were in agreement with Maxwell et al. [8]
and Derosa et al. [18].On the other hand, MMP-2 levels
were significantly correlated to age, disease duration,
random blood glucose and HbAlc in our diabetic patients
with disease duration more than 5 years .This finding
can be explained by the high blood glucose and HbA

1
c

level in diabetics with disease duration >5 years. This
high glucose concentration can increase transforming
growth factor – beta (TGF-β) and protein kinase - C

Figure 3: Comparison between diabetics with one microvascular
complication (MVC) and diabetics with two microvascular complica-
tions as regards their mean MMP-2 levels (p<0.05).
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(PKC) activity which may affect MT1-MMP expression
and secondarily contribute to the alterations in MMP
activities observed in diabetes mellitus [17].

In the present study a highly significant increase
in MMP-2 levels and activity were observed in compli-
cated diabetic patients regardless their disease duration
when compared with non complicated diabetics and
both MMP-2 levels and activity were elevated in non
complicated diabetics compared to controls.

Results published on the use of MMPs as markers
in relation to diabetic complications are somewhat con-
flicting. Increased MMP-2 levels, in particular in urine,
have been related to increased risk of nephropathy [17].
Serum levels of MMP-2 were 13-fold higher in patients
with proliferative diabetic retinopathy [23]. In addition,
increased circulatory MMP-9, as well as MMP-2, has
been reported in older subjects with type 1 diabetes [16].
In a study on children and adolescents, increased MMP-
2 levels were suggested to be a marker of
microangiopathy [18]. However, MMP-2 levels in plasma
from subjects with diabetes type 1 and normal renal
function did not differ from controls [8].

Changes in the extracellular matrix are evident in
the diabetic kidney [24, 25].The changes in the ECM of
the kidney (i.e. glomeruli and tubuli) contribute to the
development of albuminuria, and at the end kidney
failure. MMPs and their inhibitors, the TIMPs play a
major role in ECM degradation [5]. Data suggesting a
link between MMP-2 dysregulation and diabetic neph-
ropathy also exist but appear contradictory.  Rodent
models of diabetes reveal decreased expression and/or
proteolytic activity of MMP-2 in renal tissues [26-28].
High glucose culture conditions also decrease MMP-2
secretion by mesangial cells in vitro [29]. Human stud-
ies, however, yield other results. Expression of mem-
brane-type 5 matrix metalloproteinase, a protease that
functions to convert pro–MMP-2 to its active form, is
upregulated in human diabetic kidney tissue samples,
localized to renal tubules [30]. In addition, MMP-2 pro-
tein and MMP-2 enzyme activity are elevated in the
protein extracts from these kidney tissue samples [30].

MMPs as sensitive markers may increase our
understanding of the process leading to kidney failure
and possibly detect subjects with high risk of progres-
sion to chronic kidney disease which again would facili-
tate early treatment. As regards diabetic retinopathy
MMP-2 concentrations are increased in serum [31] and
in vitreous of type 1 diabetic patients with diabetic
retinopathy [7].

Elevated retinal levels of MMP-2 and MMP-9
have also been demonstrated in an animal model of
diabetic retinopathy [32]. This could be explained by
Noda et al. [7] who reported that proliferative diabetic
retinopathy (PDR) is characterized by proliferation of
fibrovascular tissue. Vascular endothelial growth factors
(VEGF) together with some MMPs are considered to be
a major angiogenic factor in the neovascularization in
retinopathy. In addition, impaired degradation of extra-
cellular matrix (ECM) components is thought to be
essential to the development of the fibrovascular tissues
in PDR [33].

In the present study diabetic patients with two
microvascular complications showed significantly higher
MMP-2 levels compared to those with only one microv-
ascular complication. This result agrees with Derosa et
al. [18] who reported that diabetic patients who devel-
oped microangiopathic abnormalities after 5 years fol-
low up had showed significantly higher MMP-2 levels
and activity than diabetic patients without microvascular
complications. Also they reported that MMP-2 levels and
activity were significantly higher in patients with
microangiopathic abnormalities compared to controls
and they postulated that MMP-2 may act as a good index
of microangiopathy severity.

In conclusion, this study had demonstrated al-
terations in plasma MMP-2 levels and activity in type 1
diabetic patients. Higher MMP-2 concentrations were
associated with increased risk for diabetic comorbidity
including longer disease duration, elevated random blood
glucose, HbA1C and presence of microvascular compli-
cations.

Our MMP-2 analysis of serum from a limited
number of patients with type 1 diabetes suggest that
estimation of MMP-2 level can be used as an early
marker of microangiopathy in children and adolescent
with type I diabetes mellitus before the development of
clinically obvious microangiopathic complications.

Further studies are necessary to clarify the mecha-
nism of involvement of MMP-2 in the onset and progres-
sion of diabetic complications and for the possible role of
therapeutic intervention prior to the onset of clinically
apparent complications.
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