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Abstract
Type 2 diabetes mellitus is the most common form and constitutes a major
diabetic population in all countries. The complications of diabetes mellitus
(DM) include nephropathy, neuropathy, retinopathy, and cardiovascular disease.
Type 2 diabetic nephropathy (DN) is a devastating complication of DM and a
main cause of end-stage renal failure. Evidences show that susceptibility to Type
2 DN has a significant genetic component in addition to environmental factors.
In Type 2 DN, hyperglycemia-induced changes include extracellular matrix
(ECM) deposition, basement membrane (BM) thickening, as well as vascular
smooth muscle and mesangial cell growth. ECM proteins are degraded by
zinc-dependent endopeptidases called matrix metalloproteases (MMPs) which in
turn are regulated by tissue inhibitors of metalloproteases (TIMPs). The
proteases (MMPs) and antiproteases (TIMP) offer the opportunity to identify the
determinants of the disease that are very likely to be causative and might lead to
new therapeutics with strong molecular underpinning.
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1 Introduction

1.1 Diabetes Mellitus

Diabetes Mellitus (DM) is a chronic multifactorial disorder associated with a rel-
ative or absolute deficiency of insulin or its function and presently reconciles as the
twenty-first century’s most common chronic disease worldwide. Globally the
incidence of DM is increasing in all age-groups and the prevalence was estimated to
be 2.8% (175 million people) in 2000 while recent trends show that it might
increase to 4.4% (366 million people) in 2030 [1, 2].

DM is the most incessant disease and is the cause of death throughout the world
and now ranks the fifth, succeeding communicable diseases, cancer, cardiovascular
disease, and chronic respiratory diseases [3]. The long-term effects of DM include
gradual development of specific complications of retinopathy (potential blindness),
nephropathy (leading to kidney failure), and/or neuropathy, etc. Renal failure in
diabetes, particularly in Type 2 DM, has become “a medical catastrophe of
worldwide dimension.”

1.2 Diabetic Nephropathy

One of the extreme complications of DM is diabetic nephropathy (DN) and
develops in 25–40% of patients with Type 1 or Type 2 DM and an essential cause
of increased morbidity and mortality in these patients [4]. It is the common cause of
end-stage renal disease (ESRD) requiring dialysis. The classical definition of Type
2 DN is a progressive rise in urine albumin excretion, copulates with increasing
blood pressure, and leads to declining glomerular filtration and eventually ESRD.

The risk factors for Type 2 DN include reduced glycemic control, prolonged
duration of diabetes, insulin resistance, high blood pressure (BP), advanced age,
smoking, race, genetic propensity, etc.

The existence of microalbuminuria is the earliest clinical evidence of
nephropathy. Microalbuminuria progresses result in proteinuria. Once overt pro-
teinuria develops, renal function progressively declines and ESRD attains [5]. Both
environmental and genetic factors accord to the development and outcome of Type
2 DN.

The functional unit of the kidney is the glomerulus and glomerular mesangial
cells together with resident monocytes/macrophages, and surrounding matrix
material constitutes the mesangium. It is involved in regulation of glomerular cir-
culation and filtration [6]. In addition to regulating glomerular filtration, it is also
involved in basement membrane (BM) remodeling. Hyperglycemia induces
hemodynamic and metabolic stimuli mediators for kidney injury. These activate
ischemic, pro-oxidant, fibrotic, and inflammatory pathways leading to mesangial
matrix accumulation.
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Prolonged duration of hyperglycemia in Type 2 DN leads to noticeable changes
like: diffuse glomerulosclerosis, thickened glomerular basement membrane (GBM),
nodular glomerulosclerosis, podocyte loss, exudative lesions in the Bowman’s
capsule, glomerular hyperperfusion, and hyperfiltration. Many factors have been
divulged to be involved in this defective regulation, including vascular endothelial
growth factor (VEGF), nitric oxide, and the renin-angiotensin system, especially
angiotensin II [7].

Alteration in the morphology occurs in mesangial cells due to continuous cycle
of stretch/relaxation and leads to enhanced proliferation and increased production of
extra cellular matrix (ECM) components. The effect of stretch occurs partially as a
result of increase in expression of ECM components, fibronectin, collagen I, III, and
IV, and laminin. The hemodynamic changes increase the production of mesangial
cell matrix, promotes the leakage of albumin from the glomerular capillaries,
expands the GBM, and causes injury to podocytes. It can also induce the release of
localized growth factors and cytokines which in turn activates some of the matrix
metalloproteases (MMPs) which further degrade the ECM present on GBM.

2 Matrix-Metalloproteases: General Aspects

MMPs are tightly regulated enzymes having the ability to degrade the ECM and
BM constituents. They are a family of endopeptidases that share structural domains
but diverge in cellular sources, substrate specificity, and inducibility. All MMPs
have several prevailing characteristics which are as follows:

1. MMP family members within their organization have a conserved domain
pattern.

2. They contain Zn2+ at their active site and require calcium a cofactor for their
stability.

3. They are secreted as inactive zymogens and require activation for further ECM
degradation.

4. The proteins which build up the BM and the ECM are the common substrates
for all MMPs.

5. The MMP’s enzymatic activity is optimal at physiological pH.
6. The MMP’s proteolytic activity is inhibited by TIMPs.

The MMPs have been classified into six subgroups, based on the sequence
homology and substrate specificity, Collagenases (MMP-1, 8, 13 and 18), Gelatinases
(MMP-2 and 9), Stromelysins (MMP-3, 10 and 11), Matrilysins (MMP-7 and 26),
Membrane-type matrix metalloproteases (MT-MMP-14, 15, 16, 17, 24 and 25), and
otherMMPs (MMP-12, 19, 20, 21, 23, 27 and 28). Except for theMT-MMPs, most of
the MMPs are secreted out and have extracellular distribution; however, recent
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evidence suggests that some MMPs like MMP-1, 2 and 11 have intracellular
expression where they may merge with cytosolic proteins to modulate various bio-
logical processes [8].

3 The Biological Roles of the MMPs

Numerous physiological and developmental events are regulated by ECM. MMPs
degrade ECM, and the main function is assumed to be the remodeling of the ECM.
Morphogenesis and tissue growth is a critical process of remodeling of ECM and
MMPs control angiogenesis by releasing pro-angiogenic factors such as basic
fibroblast growth factor (bFGF) or VEGF [9]. MMPs uphold cell proliferation by
augmenting the release of insulin-like growth factor (IGF) and the transforming
growth factor a (TGF-a). Regulation of apoptosis is the main biological role of
MMPs as an increase in apoptotic cell death is substantiated by the over expression
of certain MMPs like MMP-3, 7, 9, and 11.

4 Regulation of MMPs

MMPs are neutral proteases maintain the equity between synthesis and degradation
of matrix proteins. The MMP proteolytic actions are controlled at three levels
involving, proenzyme activation, transcription, and inhibition by the TIMPs. The
MMPs are synthesized as pro-MMPs (latent zymogens), and their enzymatic acti-
vation requires prodomain removal. The serine proteases or the other active MMPs
also extracellularly activate most MMPs, for example, MMP-2 requires active
MT1-MMP and TIMP-2 which binds to C-terminus of pro-MMP-2 which further
undergoes a complex activation pathway.

The MMP transcriptional regulation mechanism in kidney disease is quite
complex and in turn induced by various signals, such as cytokines, oncogene
products, growth factors and also the activation of many other signal transduction
pathways [10]. Metabolic pathways are the major arbitrators of Type 2 DN
involving the activation of the immune system and chronic inflammation. Several
studies suggest that the meager raise in monocytes/macrophages noticed in glo-
meruli contributes significantly to the development of Type 2 DN. Inherent renal
cells, in conjunction with mesangial, glomerular endothelial, dendritic, and renal
tubular cells, are able to upregulate the inflammatory factors and cytokines, mainly
interleukin 1 (IL-1), IL-6, and IL-18, VEGF, tumor necrosis factor a (TNF-a), and
TGF-b, which all have been implicated in transcription regulation of MMPs in
Type 2 DN progression.

Lastly, the MMP’s activity is controlled tightly by the action of endogenous
inhibitors (TIMPs). They have an N-terminal and C-terminal domain of 125 and 65
amino acids with each comprising three conserved disulfide bonds. The N-terminal
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domain folds as a separate unit and is capable of inhibiting most of the MMPs. In
addition to TIMPs, another important inhibitor of MMPs is a-2 macroglobulin
which binds to MMP receptors generating an MMP-macroglobulin complex which
is inactive.

5 High Glucose (HG) and MMPs

There are several mechanisms by which dysregulation in renal MMPs and TIMPs
ratio or activity in kidney could commit to the development of progressive Type 2
DN. As previously mentioned, MMP’s expression is firmly controlled by diverse
mechanisms that include transcription and posttranscription. Evidence illustrates
that increase in glucose levels may also regulate MMP gene expression via varied
transcription factors NF-jB and AP-1 or relies upon growth factors like connective
tissue growth factor (CTGF) and transforming growth factor (TGF-b) [11, 12].

6 AGEs and MMPs

Glycol-oxidation end products or advanced glycation end products are known as
AGEs are one of the major aberrantly synthesized molecules that can influence the
progression of Type 2 DN. Hyperglycemia leads to the generation of AGEs which
is primarily as a consequence of a condensation of free amino group and sugar with
the development of a labile Schiff base which undergoes complicated intramolec-
ular modification to generate complex toxic AGEs. Such derivatization can occur
between sugar and lipids as well, and their production can be initiated in both intra
and extracellular compartments [13, 14].

Several forms of AGE derivatives have been described in renal injury related to
diabetes, and morphologic changes that are often related with it encompass
glomerular and tubular BM thickening, capillary aneurismal delay, mesangial
expansion with production of Kimmelstiel-Wilson nodules, arteriolar thickening,
and hyalinosis. AGE formation can modify the function of certain important ECM
molecules, such as collagen Type 1, 3, 4, fibronectin, laminin, etc. Furthermore,
AGEs can modulate the intracellular signaling pathways, gene and protein
expression by interacting with their receptors, i.e., RAGE.

The AGEs via AGE: RAGE synergy can stimulate PKC, MAPK, and NF-kB,
which can, in turn, modulate the expression of TGF-b and subsequently MMPs.
Such ligand: receptor synergy can also generate reactive oxygen species (ROS),
which then can regulate the MMPs expression via articulation of various tran-
scription factors [15].
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7 MMPs in Type 2 Diabetic Nephropathy

Type 2 diabetic nephropathy is a feature of renal and interstitial fibrosis, which
ultimately progresses toward ESRD. Normal growth and development is the main
physiologic feature of ECM remodeling. At several levels of ECM turnover MMPs
are involved, playing a crucial role in glomerular ECM synthesis and degradation
[16]. MMPs are redox sensitive, as high levels of oxidative stress and inflammatory
markers activate them from their inactive latent form to active form. The amount
and durational activity of MMPs determine the extent of glomerular structural
damage as demonstrated by higher MMP levels in various glomerulonephritis
forms [17].

The observations of Johnson et al. [18] could relate redox stress, inflammation,
and MMP in glomerular failure. The presence of elevated levels of MMPs within
inflammatory glomeruloscelerosis has led to the indication that increased inflam-
matory response coupled with increased MMP levels may cause the glomerular
damage in Type 2 DN [19].

With a robust activation of MMPs, the BM and supporting ECM could be
degraded allowing a complete detachment of the renal cells (mesangial cell,
podocyte, and endothelial cell) within the glomerulus and the proximal renal tubule
ensuing in ECM remodeling, apoptosis, atrophy, dysfunction, and cytoskeleton
rearrangement. MMPs produced in various cell types in the kidney suggest their
involvement in ECM degradation in glomerulus, renal morphogenesis, and
remodeling [20, 21]. The dysregulated remodeling and accumulation of ECM in
renal fibrosis affect all main compartments of the kidney being termed glomeru-
losclerosis in the glomeruli, tubulointerstitial fibrosis in the tubulointerstitium, and
arterio- and arteriolosclerosis in the vasculature, where all renal cells are involved in
fibrosis [22].

8 Polymorphic Studies of MMPs in Type 2 DN

Single nucleotide polymorphism (SNPs) can be used to identify the DNA sequence
variation, susceptibility to disease and to understand an individual response to
certain drugs.

8.1 Collagenases

Collagenases are enzymes that cleave the peptide bonds of collagen, the main
component of ECM, includes collagenase-1, 8 and 13. MMP-1 (Interstitial Colla-
genase) which is localized on chromosome 11q22 is the most ubiquitously con-
sidered interstitial collagenase and it’s over expression is associated with several
diseases. MMP-1 having collagen as the main substrate is a key determinant of
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ECM degradation, degrades the interstitial collagens, collagen Type 1, 2, and 3
[23]. A SNP at −1607 bp promoter region in human MMP-1 gene has been found
to be associated with elevated risk of various diseases including Type 2 DN. The
MMP-1 promoter region contains consensus sequences for DNA-binding proteins
such as Ets/PEA-3, AP-1, and AP-2 [24].

The transcription is augmented by creating an Ets binding site at SNP (−1607)
promoter region. The transcriptional start site of the MMP-1 gene at −1607 position
is proportionate by two alleles (1G) or (2G) guanine nucleotides [25]. A 20 fold
higher transcriptional activity seen in 2G allelic promoter of MMP-1 gene than 1G
allele and is associated with higher MMP-1 levels.

MMP-8 (Matrix metalloproteinase-8) plays a major role in degradation of ECM
components, collagens Type 1, 2 and 3, modifies the immune responses and reg-
ulates the cytokine activity. The gene coding for MMP-8 is located on chromosome
11q22.3. The three polymorphisms at −381A/G, −799 C > T and +17C/G in the
MMP-8 gene are known to modify the gene transcription [26].

Human collagenase-3 (MMP-13), a protease, plays a role in ECM degradation
and cleaves collagen Type 1, 2, 3, 4, 14 and Type 10 and also activates or degrades
key regulatory proteins such as CTGF and TGFB1. The gene coding for MMP-13 is
located on chromosome 11q22.2. A SNP at 77A ! G in the promoter region of
the MMP-13 gene has been detected. The SNP at this position leads to alterations in
the gene expression and plays a modulatory role on transcriptional activity in the
pathogenesis of various diseases [27].

8.2 Gelatinases

Gelatinases are proteolytic enzymes that hydrolyze gelatin into polypeptides,
peptides, and amino acids. In humans, gelatinases are MMP-2 and MMP-9. MMP-2
is notably interesting because of its multiple functions and ubiquitous expression
[28]. MMP-2, also known as gelatinase A, is a 72 kDa that degrades Type 4
collagen and is located on chromosome 16q12.2. It is a fundamental component of
the BM. Increased expression of MMP-2 may accelerate the degeneration of gap
junction protein and Type 4 collagen, leading to the vascular complications of
diabetes and Type 2 DN.

Several SNPs have been described in the promoter region of MMP-2 and of
these two SNPs C-1306T and C-735T prevailing upstream from the transcriptional
start site effect MMP-2 transcriptional activity. MMP-2 is likely to be regulated by
transcription factors; among these controlling elements, Sp1 binding site is
important.

Price et al. [29] suggested that the MMP-2 transition at promoter region
C-1306T could remarkably alter the promoter activity, due to disruption of the Sp1
binding site (CCACC box). MMP-2 is expressed in mesangial cells, and as a result
of proinflammatory signaling, the dramatical expression of MMP-2 is elevated in
various glomerulopathies [30].
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MMP-9 (gelatinase B) degrades the ECM components exclusively Type 4 col-
lagen, gelatin, and laminin, and the gene coding for MMP-9 is located on chro-
mosome 20q11.2-q13.1 [31]. A number of SNPs found in the promoter region
particularly an SNP at −1562C > T has distinct implication and has an
allele-specific effect on MMP-9 transcription suggesting that MMP-9 may play a
critical role in the turnover of the mesangial matrix in Type 2 DN [32]. This
promoter contains the 9-bp sequence (GCGCAC/TGCC) an important gene
expression regulatory element. The increased levels of MMP-9 results are due to the
loss of DNA–protein interaction due to a C to T substitution.

In addition, a recent study has shown that Type 2 DN patients has elevated levels
of MMP-9 and had a substantial association with age, hyperglycemia, blood
pressure, body mass index, glycated hemoglobin (HbA1c), and progression of
diabetes [33].

8.3 Stromelysins

Stromelysin, the enzymes of MMP family, plays a major role in the degradation of
proteoglycans, gelatin, and other ECM constituents. It includes MMP-3
(stromelysin-1), MMP-10 (stromelysin-2) and MMP-11 (stromelysin-3). MMP-3
(stromelysin-1), a member of MMP-family degrades collagen Types 3, 4, 9 and 10,
proteoglycans, elastin, fibronectin and laminin, and also involved in the activation
of other MMPs (e.g. pro-MMP-1, -8, -9 and -13), and auto activation of
pro-MMP-3. The gene is located on the chromosome 11q22.2-22.3, and the
expression level of this gene was found to be altered by SNPs.

At the upstream of the MMP-3 transcription start site, the SNP identified in the
promoter region at −1171 bp has one allele having five adenosines (5A) and other
having run of six adenosines (6A) and was found the allele having five adenosines
has higher transcriptional activity [34]. MMP-3 elevated levels have been observed
in sera from patients with a number of diseases like active lupus nephritis,
mesangial proliferative glomerulonephritis, IgA nephropathy, etc.

Stromelysin-2 (MMP-10) is another important Zn-dependent endopeptidase
cleaves laminin, fibronectin, proteoglycan core protein, elastin, gelatins of Type 1,
3, 4, and 5. MMP-10 also activates pro-MMP-1, -7, -8 and -9, which degrades
extracellular collagen in different pathological conditions along with other MMPs.
The gene is part of a cluster of MMP genes and located on chromosome 11q22.3.
The two polymorphisms rs17435959 (G > C) at position 102780582 and
rs17293607 (C > T) at position 102779658 are identified. These two polymor-
phisms lead to the substitution of specific amino acids and may have functional
effects. MMP-10 serum levels have a close relationship with some risk factors for
ischemic stroke, such as carotid intima-media thickness, presence of carotid pla-
ques, inflammatory markers and smoking and its role in the pathogenesis of Type 2
DN are still unexplored.

Stromelysin-3 (MMP-11), the enzyme encoded by this gene is intracellularly
activated by furin, in contrast to other MMP’s, and cleaves alpha 1-proteinase
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inhibitor but weakly degrades structural proteins of the ECM. The gene for
MMP-11 is located on chromosome 22q11.23. MMP-11 associated diseases mostly
include ophthalmomyiasis and colorectal cancer.

8.4 Tissue Inhibitors Metalloproteases (TIMPs)

MMPs are inhibited by TIMPs consisting of 184–194 amino acids. Four structurally
related TIMP family members include TIMP-1, -2, -3 and -4. Inhibition is
accomplished by their ability to interact with the zinc-binding site within the cat-
alytic domain of active MMPs [35]. TIMPs have a certain degree of specificity
toward MMP family members. To maintain the sustainability of healthy tissues, the
balance between MMPs and TIMPs is important. The balance disrupted by the
polymorphic variants within TIMP gene is associated with development of various
diseases.

The biological activities of TIMPs involve anti-angiogenesis, cell migration,
effects on cell growth and differentiation, synaptic plasticity, anti- and
pro-apoptosis. Type 2 DN certainly associate with altered activity of the MMP and
TIMP which in turn leads to glomerulosclerosis [36].

8.4.1 Metallopeptidase Inhibitor 1/TIMP-1
The best-identified gene is the TIMP-1, present on X chromosome (Xp11.3-p11.23).
TIMPs bind with active MMPs with high affinity and have complicated roles in
pathological and physiological tissue remodeling. TIMPs inhibit all MMPs, but
TIMP-1 is an indigent inhibitor of MT1-MMP, MT3-MMP, MT5-MMP, MMP-19
and, ADAM-10. At exon 6 of TIMP-1 gene located 536C/T polymorphism capable
of binding and preventing the activation of most MMPs [37].

8.4.2 Metallopeptidase Inhibitor 2/TIMP-2
TIMP-2 is a secretory protein located at 17q25, inhibits the proteolytic activity of
MMP-2 involved in the ECM degradation. Additionally, Apoptosis and cell growth
are regulated by TIMPs [38]. An SNP identified at G > C −418 position in the
promoter region of TIMP-2 may influence the binding of Sp1 transcription factor
and downregulates the TIMP-2 transcriptional activity [39].

8.4.3 Metallopeptidase Inhibitor 3/TIMP-3
TIMP-3, a member of the TIMP family, inhibits the action of MMPs which are
involved in ECM degradation. It has also been shown to have inhibitory effects on
angiogenesis and tumor growth [12, 13]. ADAM-10, 12, 17 and ADAMTS-1, 4 and
5 are inhibited by TIMP-3, and the gene is located on chromosome 22q12.3.
Recently, three novel polymorphisms in the promoter region of TIMP-3 gene
(−899T/A, −915A/G and −1296T/C) have been identified. TIMP-3 polymorphism
has an impact on various complex diseases such as spontaneous abortion, cancer,
diabetic nephropathy, macular degeneration, and hypertension [40].
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8.4.4 Metallopeptidase Inhibitor 4/TIMP-4
TIMP-4 belongs to the TIMP gene family and is expressed predominantly in the
heart, which inhibits the action of MMP-2 by binding strongly to MMP-2 carboxyl
hemopexin domain. The gene is located on chromosome 3p25.2. Two SNPs
(rs3755724, −55C/T, promoter; rs17035945, 3′-untranslated region) were geno-
typed in TIMP-4 gene [41].

9 Conclusion

Type 2 end-stage renal disease is a devastating condition, MMPs are the major
regulators of ECM degradation in Type 2 DN pathology and progression. The
proteases (MMPs) and antiproteases (TIMP) offer the opportunity to identify the
determinants of the disease that are very likely to be causative and may also lead to
new therapeutics with strong molecular underpinning.
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