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Abstract
Diabetic Nephropathy (DNP) is a chronic disease
caused by diabetes that leads to end stage renal
diseases. Although various pathological mechanisms
have been proposed till date on the progression of
DNP, the exact cause of this disease is still unknown.
Here, we have focused on the modifications of low
density lipoproteins (LDL) and its pathogenicity in DNP.
LDL modification, specifically oxidation plays a major
role in various disease states such as atherosclerosis,
endothelial dysfunction, and cardiovascular diseases.
However, its role in DNP is still unexplored. This
review depicts the pathway in which LDL modification
influences the development and perpetuation of DNP.
Ox-LDL is taken up by the scavenger receptors such
as CXCL-16 in podocytes and CD36 in tubular
epithelial cells. This activates TGF-beta, which
up-regulates the expression of matrix components
such as collagen, fibronectin and laminin causing
mesangial expansion and glomerulosclerosis.
Simultaneously, there is an increased expression of
VEGF and PDGF which could mediate macrophage
infiltration and podocyte loss. This shows that Ox-LDL
plays a major role in inducing the pathological
changes in DNP.

Introduction
Diabetes mellitus is a major metabolic disorder,
affecting 200 million people across the world which is
expected to rise up to 300 million by 2025 [1]. The
leading cause of mortality in diabetic patients is
through kidney damage caused by diabetic
nephropathy (DNP). ‘Prevention is better than cure’
holds good for DNP because the best way of
treatment for this disease is to control the risk factors
such as increase in blood glucose and blood pressure
level. However, in order to prevent a disease, the
pathophysiology of the disease has to be well known.
Various hypotheses have been proposed till date on
how DNP progresses in human subjects. These
include the involvement of renin- angiotensin system,
advanced glycation end product formation (AGE),
endothelial dysfunction, oxidative stress, and
dyslipidemia (Illustration 1).
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Lipids in general are used for energy storage by the
living system. They also act as signaling molecules
and structural components of the cell. Lipoproteins,
which are composed of both lipids and proteins, are
the transporters of lipids throughout the body. Of all
the lipoproteins, low density lipoprotein (LDL) is called
as ‘Bad Cholesterol’ because of its harmful effects; it
becomes more dangerous when it is oxidized. The
oxidized LDL (Ox-LDL) is implicated in the
pathogenesis of various diseases such as
atherosclerosis, cardiovascular diseases such as
stroke, thrombosis, and endothelial dysfunction [2].
Apart from these diseases; it has also been found to
be involved in the pathogenesis of DNP. However, the
exact mechanism by which it mediates the progression
of this disease is not fully known. In this study, we
have depicted the mechanism by which modified LDL
mediates different pathological changes in DNP.

Review
Lipoproteins
Lipoproteins consist of both lipid and protein flocked
together. The hydrophilic part of lipoprotein includes
phospholipids, cholesterol, and apoprotein that are
directed outwards, facilitates the transport of lipids
around the body [3,4]. Lipoproteins are classified
based on their size, density, and protein content as
high density lipoproteins, low density lipoproteins,
intermediate density lipoproteins, very low density
lipoproteins, and chylomicrons. Of these, LDL is more
harmful, less dense, with low protein content when
compared to that of high density lipoprotein.
Oxidation of LDL
The LDL becomes treacherous when it is oxidized.
The oxidation of LDL does not occur when they are in
circulation because of the presence of anti-oxidant
enzymes in the circulation [5]. However, oxidation
takes place when a small portion of LDL that circulates
in the plasma traverses the sub-endothelial space and
gets engraved there [6]. The reason why and how this
LDL reaches the sub-endothelial space is yet to be
explored. In the sub-endothelial space, the LDL is
more exposed to cellular derived oxidants and is less
protected by antioxidants in circulation. The free
radicals that are released from the
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monocytes/macrophages, endothelial cells and
smooth muscle cells oxidize LDL to form Ox-LDL. The
in vitro oxidation of LDL has been performed by
incubating LDL in the presence of transition
metals,copper ions, and ozone [7]. Both the lipid and
protein component of LDL are prone to modification
during LDL oxidation. In 2001, Witztum et al.
confirmed the oxidation of LDL and its pathogenicity in
animal models [8]. Ox-LDL plays an important role in
the development of dyslipidemia associated with the
progression of chronic kidney diseases. Increase in
the level of serum Ox-LDL was observed in patients
with chronic kidney diseases, including nephropathy
[9].
Role of Oxidized LDL in Diabetic Nephropathy
Oxidized LDL indirectly enhances the pathological
changes in DNP by inducing the expression of
Transforming Growth Factor- Beta (TGF-beta) [10].
Investigations carried out by Wrana et al. showed that
oxidized LDL stimulates the expression of TGF-beta
both in vivo and in vitro [11]. Activated TGF-beta is
proven to show a direct role in the thickening of the
glomerular basement membrane [12]. It binds to the
TGF-beta type-II receptor that phosphorylates type-I
receptor which results in the activation of Smad
proteins [13]. This up-regulates the m-RNA and
protein expression of extracellular matrix components
such as collagen, fibronectin and laminin [14]. Also
there is an increased level of protease inhibitors such
as plasminogen activator inhibitor [15] and inhibitor of
metalloproteinases [16]. Thus, the net result of
TGF-beta activation is an increase in the synthesis of
extracellular matrix proteins and a decrease in the
degradation of extracellular matrix. This promotes the
extracellular matrix accumulation which leads to
glomerulosclerosis thereby contributing to DNP.
The pathways mediating the pathological changes in
DNP by oxidized LDL are depicted in Illustration 2.
TGF-beta inhibits the activity of cyclin-dependent
kinases (CDK) by stimulating the expression of CDK
inhibitors such as p27 and p21 [14]. Thus, the cells are
arrested in the G1 phase with sustained protein
synthesis that leads to cellular hypertrophy [17]. Also,
TGF-beta enhances NOX-2 and NOX-4 (NADPH
Oxidase isoforms) activity in kidney fibroblasts, which
stimulates the mitogen pathway such as extracellular
signal regulated pathway (ERK-1) [18]. This results in
the conversion of fibroblast into myofibrobalst that is
associated with kidney fibrosis [19]. In podocytes, the
Ox-LDL is up taken by the chemokine CXCL16, which
is a membrane bound chemokine with solubilization
property [20]. The podocytes that play a major role in
the glomerular filtration is maintained by a complex of
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trans-membrane proteins of which nephrin plays the
key role [21]. This nephrin expression is diminished by
various circulating factors such as endothelin-1, and
TGF-beta that are released from the mesangial cells
[22]. This results in the podocyte loss with damage in
the podocyte slit.
The uptake of Ox-LDL in podocytes induces the
production of CXCL-12 which is a pro-inflammatory
cytokine, whose biological effects are mediated by
binding to the receptors CXCR4 and CXCR7 [23].
Increased expression of CXCL-12 and CXCR4 are
observed in the distal as well as proximal tubule of the
diabetic patients [24]. It was also evinced by
Balabanian et al., that glomerulonephritis was
prevented by blocking CXCL-12, and the activity was
attributed to less podocyte proliferation and T-cell
recruitment [25]. However, DNP is devoid of podocyte
proliferation or autoimmunity and hence, the role of
CXCL-12 in DNP is hardly predicted. But it can be
speculated that the remodeling of glomerulus to
glomerulosclerosis might be facilitated by CXCL-12
signaling [26].
In general, podocytes secrete vascular endothelial
growth factor (VEGF) which is involved in maintaining
the cellular polarity and the association of podocytes
with mesangial cells [27]. Increase in the level of
Ox-LDL is found to increase the level of VEGF
expression and in turn this stimulates endothelial cells
to synthesize (platelet derived growth factor) PDGF
which further activates the mesangial cells. The
activated mesangial cells secrete CCL2, ICAM and
VCAM (Cell Adhesion Molecules) which are involved
in the recruitment of monocytes into the glomerulus
[28]. These recruited monocytes phagocytoze oxidized
lipoproteins that lead to the formation of foam cells in
the glomerulus. Activated monocytes mature into
macrophages, which have been observed in the
kidney biopsy sample of patients with diabetic
nephropathy [29]. Thus, the pathological changes
such as glomerulosclerosis, mesangial expansion,
macrophage infiltration, cellular hypertrophy and
podocyte loss are mediated by oxidized LDL.
Glycation of LDL
Glycation reaction is a sequence of events, which is
initiated by the interaction between free glucose and
the amino group of protein. This proceeds to a labile
Schiff-base that rearranges to form amadori product.
This amadori product is considered to be the stable
form of glycated protein [30]. All proteins are subjected
to glycation when they are exposed to glucose
moieties of which there is no exception [31].
Incubation of LDL with glucose at pharmacological
concentration in vitro resulted in the glycation of apo-B
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protein present in LDL. The extent of glycation is found
to be directly proportional to the concentration of
glucose present [32]. The same was observed in vivo
in which the level of glycated apo-B correlated with the
average level of plasma glucose. A 33-fold increase in
the level of glycated apo-B has been reported in
diabetic patients compared to normal subjects [33].
Role of glycated LDL in DNP
The pathogenesis of glomerulosclerosis resembles
that of atherosclerosis, which led to the speculation
that lipids when modified play a critical role in the
progression of DNP. In the early stages of DNP, LDL
gets trapped in the sub-endothelial space. Because of
the increased level of glucose in diabetic patients, they
are easily glycated and these glycated LDL are more
prone to oxidation compared to native LDL [34]. The
glycoxidated LDL is highly reactive and cause damage
to the kidney directly. Simultaneously when more
glycated and oxidized LDL are formed, there is an
increase in the expression of scavenger receptors in
the mesangial cells which are responsible for the
uptake of these modified LDL. This results in the
mesangial matrix expansion that leads to
glomerulosclerosis. The glycoxidated LDL is also up
taken by the scavenger receptor CD36 that are
localized on the proximal tubular epithelial cells.
Increase in the level of modified LDL has been proven
to increase the CD36 expression through PPAR-beta
activation. The uptake of glycoxidated LDL induces
Serine/Threonine kinases which further activate
mitogen activated protein kinases. This results in the
activation of caspases which leads to the apoptosis of
proximal tubular cells exacerbating the kidney damage
[35].
Alternatively, hyperglycemia facilitates the glycation of
proteins of which megalin and cubulin are of no
exception [36]. These proteins that are present in the
tubular membrane are responsible for the reabsorption
of low and high molecular weight proteins. Cubulin
with a molecular weight of 460 kDa is the receptor for
large molecules that are present in the glomerular
filtrate such as lipoproteins (apo-A, apo-B, oxidized
LDL, HDL) and transferrin [37]. When cubulin is
glycated, there is no reabsorption of these lipoproteins
that leads to the accumulation of proteins in the
glomerular filtrate. The presence of high molecular
proteins in the glomerular filtrate stimulates the
secretion of cytokines by tubular epithelial cells that
results in interstitial fibrosis [38].Gekle et al. showed
that increase in TGF-beta expression has a direct role
in reducing the expression of megalin, which is an
albumin binding receptor protein thus, reducing the
albumin uptake [38]. This confirms the direct role of
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TGF-beta in the induction of albuminuria in diabetic
patients [39].
Substantiation of the mechanism by various drugs
In diabetic patients with chronic kidney diseases there
is an increased production and decreased catabolism
of LDL cholesterol, which ultimately results in an
increase in the total and LDL cholesterol level [40].
This shows that hyperlipidemia could aggravate DNP
by altering fibrinolytic system and damaging
endothelial cells [41]. So, it was speculated that any
drug that could ameliorate dyslipidemia would be a
better drug for the treatment of chronic kidney
diseases.
Metformin, an aminoguanidine derivative is being used
as an insulin sensitizing agent and it has the ability to
attenuate hyperglycemia [42]. It could also prevent the
formation of AGE products [43] and decrease the lipid
profile in diabetic patients.It modulates the genes
responsible for oxidative stress and improves
microalbuminuria, thus attenuating diabetic
nephropathy [44]. Likewise, few investigations on
NADPH oxidase inhibitors (apocynin and diphenylene
iodonium) proved that these drugs reducing renal ROS
generation, has the ability to decrease VEGF
expression, chemokine secretion and macrophage
infiltration [45]. Thus they could ameliorate mesangial
matrix expansion and attenuate diabetic nephropathy.
Thiazolidinedione drugs are a group of drugs that
belong to insulin sensitizers and are aimed to target
peroxisome proliferator activated receptor- gamma
(PPAR-beta) receptors. Unsaturated fatty acids are
up-taken by these PPAR-beta receptors which play a
vital role in lipid metabolism and adipogenesis. They
are expressed in monocytes and macrophages that
are present in liver, skeletal muscle, and kidney [46].
These drugs decrease the expression of fibronectin
induced by TGF-beta in mesangial cells and also
decrease ERK-1 expression thus reducing glomerular
hyperfiltration and albuminuria in STZ induced diabetic
rats [47]. It improves cellular hypertrophy and
extracellular matrix accumulation by preventing the G1
phase cell cycle arrest which is prominent in causing
DNP [48]. Though the drugs that were identified are
not able to cure the chronic kidney diseases, they
could improve dyslipidemia and thus could postpone
the progression of kidney damage.
Statins, apart from its lipid lowering activity, has a
great potential in ameliorating diabetic nephropathy.
Administration of statins inhibits the proliferation of
mesangial cells thus inhibiting the activation of
TGF-beta and accumulation of macrophages [49].
Similarly, clofibrate a lipid lowering drug that reduces
TGF-beta expression is found to improve albuminuria
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[50]. The direct supplementation of fatty acids such as
fish oil, omega-3 fatty acids have also improved
tubulointerstitial fibrosis in rats [51]. Pravastatin at a
dosage of 10 mg [52] and atorvastatin [53] at varying
doses showed 50% reduction in the urinary protein
excretion. In a similar study, it was found that
pravastatin is effective when the GFR is less than
40ml/min per 1.73m2 and has no effect when the GFR
is more than 60 ml/min per m2 [54]. This finding
puzzled all researchers and the clarification was given
by Spencer et al. that hyperlipidemia and
hyperglycemia act synergistically to induce DNP and it
was confirmed in LDL-receptor deficient mice [55].
This shows that in future any treatment strategies that
are targeted towards the progression of DNP should
target both hyperlipidemia and hyperglycemia.
To recap, DNP is a multifactorial disease which is
clearly evident from the number of hypothetical
mechanisms that have been proposed till date. These
pathways lead to DNP at different intervals that
depend on the individual’s blood glucose level, blood
pressure, race, and heredity. In addition to all these
causatives, it has been proven already that
dyslipidemia also plays a role in DNP. However, the
exact mechanism how it mediates the progression is
not known. In this review, we have discussed the
possible mechanism by which both oxidized and
glycated LDL lead to diabetic nephropathy. We are
working on the treatment strategies targeting this
pathway which would prevent or at least delay the
progression of DNP.

Conclusion
To conclude, though various drugs have been
identified to treat DNP the incidence of this disease is
increasing every year. The main problem with DNP is
that the disease can be diagnosed only at a stage
when nothing could be done to prevent the
progression. So any treatment strategies that are
designed to target this disease should be able to
arrest the progression of the disease at an early stage.
In order to prevent the progression of the disease the
pathophysiology of the disease has to be well known.
Here we have shown the mechanism how the modified
lipoproteins play a major role in mediating DNP.
Understanding the mechanism would be helpful in the
future to completely prevent the disease.

Abbreviation(s)
RAS: Renin- Angiotensin System;
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AGE: Advanced Glycation End products;
PKC: Protein Kinase C;
MAPK: Mitogen Activated Protein Kinase;
TGF-?: Transforming Growth Factor-beta;
PDGF: Platelet- Derived Growth Factor;
VEGF: Vascular Endothelial Growth Factor,
PDGF: Platelet- Derived Growth Factor;
CDk: Cyclin Dependent kinase;
ERK-1: Extracellular signal Regulated Kinase;
PAI-1: Plasminogen Activator Inhibitor;
TIMP: Tissue Inhibitor of Metalloproteinases
NOX2, NOX4: NADPH Oxidase isoforms
ECM: Extracellular Matrix.
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Illustrations
Illustration 1
Illustration 1: Pathway mediating the progression of diabetic nephropathy from diabetes The
figure shows the factors that are involved in the progression of diabetic nephropathy. The
factors such as renin-angiotensin system, advanced glycation end product formation, and
oxidative stress converge at a single point; activating the PKC/MAPK pathway. Activated PKC
is involved in the pathogenesis of DNP.

Illustration 2
Illustration 2: Pathway depicting the progression of different pathological changes in diabetic
nephropathy mediated by oxidized LDL. Oxidation of LDL results in an increase in the
expression of TGF-β. Activated TGF-β mediates the pathways leading to the pathological
changes such as glomerulosclerosis, podocyte loss, interstitial fibrosis, cellular hypertrophy,
macrophage infiltration.

WebmedCentral > Review articles

Page 8 of 9

WMC003322

Downloaded from http://www.webmedcentral.com on 02-Jun-2012, 04:35:34 AM

Disclaimer
This article has been downloaded from WebmedCentral. With our unique author driven post publication peer
review, contents posted on this web portal do not undergo any prepublication peer or editorial review. It is
completely the responsibility of the authors to ensure not only scientific and ethical standards of the manuscript
but also its grammatical accuracy. Authors must ensure that they obtain all the necessary permissions before
submitting any information that requires obtaining a consent or approval from a third party. Authors should also
ensure not to submit any information which they do not have the copyright of or of which they have transferred
the copyrights to a third party.
Contents on WebmedCentral are purely for biomedical researchers and scientists. They are not meant to cater to
the needs of an individual patient. The web portal or any content(s) therein is neither designed to support, nor
replace, the relationship that exists between a patient/site visitor and his/her physician. Your use of the
WebmedCentral site and its contents is entirely at your own risk. We do not take any responsibility for any harm
that you may suffer or inflict on a third person by following the contents of this website.

WebmedCentral > Review articles

Page 9 of 9

