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Introduction

Diabetes Mellitus (DM) is a chronic disease that affects 6.4% of
the adult population and is expected to rise to 552 million by 2030
[1]. This global increase in the prevalence of diabetes will inevitably
lead to acceleration of micro- and macro vascular complications of
diabetes. Diabetic Nephropathy (DN) is one the common micro
vascular complication of diabetes mellitus- DM. It is a leading cause
of end-stage renal disease in developed and developing countries and
a contributor to significant morbidity and mortality in patients with
diabetes [2]. Recent studies have demonstrated that the onset and
course of DN can be ameliorated significantly by several interventions,
but these interventions have their greatest impact if instituted at a
very early stage in the course of the development of DN.
The last few years have provided a better insight into the complex
pathophysiology of DN on a molecular level. Besides hemodynamic
alterations such as hyper filtration and hyper perfusion, there is now
clear evidence that these changes are only one aspect of a complex series
of metabolic alterations caused by disturbed glucose homeostasis.
All the kidney structure including glomerular endothelia, mesangial
cells, podocytes, and tubular epithelia are affected in DN [3]. It is
characterized by excessive accumulation of extracellular matrix with
thickening of glomerular and tubular basement membranes and
increased amount of mesangial matrix, which ultimately progresses
to glomerulosclerosis and tubulointerstitial fibrosis [3,4]. Similar
alterations occur in other organs, causing their damage, mainly
cardiovascular, the leading cause of death in patients with DM. Even
more, evidence support the hypothesis that early development of
adverse vascular changes already existed prior to the development of
overt diabetes i.e. in pre-diabetic conditions in both impaired fasting
glucose and/or impaired glucose tolerance [5].
In order to detect early sign of DN all the available non-invasive
techniques are in use. Some of them indirectly demonstrate the
vascular and parenchymal renal damage by Doppler ultrasound such as
quantification of arterial renal perfusion with Renal arterial Resistance
Index (RRI) [6], detection of arterial stiffness by measurement of
brachial-ankle pulse wave velocity (ba PWV), or carotid intimalmedia thickness [7] as early markers of atherosclerosis. The others
based on the urinary appearance of an excess of serum proteins that
are not normally freely filtered through the glomerular. Many of these
proteins (called biomarkers) in serum and urine have been studied
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that represent different mechanisms or structural damage in DN,
based on which they have been classified as markers of glomerular
injury, tubular injury, oxidative stress, inflammation, and endothelial
damage [8,9]. They are listed in Table 1.
Many of these biomarkers are not specific for DN. Therefore,
this paper aimed to review the most common urinary markers of
glomerular injury associated with DN that are actually in use in the
early diagnosis of DN.

Albuminuria
Albuminuria is the most widely used early clinical indicator of
DN and has been recognized as a predictor of progression to ESKD
in both type 1 and type 2 diabetes [10,11]. In addition, albuminuria
is a marker of increased cardiovascular morbidity and mortality for
patients with either type 1 or type 2 diabetes. Thus, the finding of
albuminuria is an indication for screening for possible vascular
disease and aggressive intervention to reduce all cardiovascular risk
factors (e.g., lowering of LDL cholesterol, antihypertensive therapy,
cessation of smoking, institution of exercise, etc.). In addition,
there is some preliminary evidence to suggest that lowering of
cholesterol may also reduce the level of proteinuria [12]. For practical
purposes albuminuria is categorized into different classes—namely,
normoalbuminuria (< 30 mg albumin per day or per g creatinine),
albuminuria 30–300mg. Albumin per day or per g creatinine, and
albuminuria >300 mg/24 h (previously macro albuminuria) [13]. The
changes between these albuminuria states represent a hallmark of the
progression or regression of disease [14]. More recent studies show
that an increase in albuminuria, even within the range that is currently
considered normal, indicates higher renal risk [15]. In patients with
type 2 diabetes followed up for at least 5 years, higher albuminuria
Table 1: Urinary biomarkers of diabetic nephropathy that reflect kidney injury
derived from ref 8, 9.
Albumin
Glomerular damage
Trasferrin
Alfa 1 microglobulin
Retinol-binding protein
Neutrophil gelatonase – associated lopocalin
Tubular damage
(NGAL)
Kidney Injury Molecule (KIM 1)
Cystatin C
Glycosaminoglycan
Type IV Collagen
Type I Collagen fragments
Glomerular- tubular
Matrix metalloproteinase 9
basement membrane
Fibronectin
TGB Beta induced protein h3
Transforming growth factor 1
Growth factors
Connective tissue growth factor
8-hydroxy-2-deoxyguanosine
Oxidative stress
8-oxo-7,8-dihydro- deoxyguanosine
Soluble forms of receptors for Tumor Necrosis
Inflammation
Factor alfa ( 1 and 2)
Intrarenal renin-angiotensin
Renin
system
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at baseline was associated with a faster decline in renal function.
Importantly, although within the normal range, a albuminuria of X10
mg/g in women or X5 mg/g in men was associated with a significantly
greater rate of renal function decline [16]. Not only the albuminuria
level itself but also changes in albuminuria (within 30-300 mg/g) over
time predict renal or cardiovascular risk changes. In patients with
type 2 diabetes and albuminuria 30-300 mg/g, it has been shown that
those subjects in whom albuminuria declined by more than 50% over
2 years’ follow-up had a subsequent renal function decline of -1.8ml/
min per year. In contrast, in subjects without a 50% reduction in
albuminuria long-term renal function decline was significantly larger,
being -3.1ml/min per year [16].
On the other side, the absence of albuminuria or its progression
to proteinuria does not signify that an individual patient is safe
from a progressive decline in glomerular filtration rate. However,
about 10-25 % of diabetic patients follow the “normoalbuminuria
pathway” in which glomerular filtration rate progressively declines
without worsening proteinuria [17]. In addition, moderate increases
in albumin excretion are associated with a variety of other conditions,
including obesity, posture, exercise, diet, smoking, gender, puberty,
infection, and inflammation. Therefore, changes in albuminuria of
30-300 mg/g may reflect a modification of another disease process
that possibly is not causally related to the development of kidney
dysfunction [18]. All these indicate that albuminuria may not be an
optimal marker for the early detection of DN.

Podocytes Injury
Glomerular epithelial cells (podocytes) directly cover the
glomerular basement membrane and there is recent evidence
that alterations in structure and function of podocytes (reduced
number and podocytes density) occur early in DN before the onset
of albuminuria [19-22]. Podocytes loss initiates the process of
glomerulosclerosis by accelerating synechiae between podocytes and
the glomerular basement membrane [23]. Also, altered expression
of podocytes specific proteins such as synaptopodin [24], producing
[25,26] and heparin have been described [27]. However, to date,
quantification of podocytes injury, although strongly linked to
the severity of albuminuria, has not been demonstrated to be an
independent marker of GFR loss.

Cystatin C
According to the recent data, serum Cystitis C is a better marker
of kidney function than serum creatinine concentration (sCr) and
a significant predictor of progression to end-stage renal failure
compared to estimated Glomerular Filtration Rate (GFR) based
on sCr in adults [28]. Also, the filtered cystatin C is almost entirely
reabsorbed in the proximal tubule, as with other low-molecularweight proteins, with virtually no tubular secretion of cystatin C; as
such, increases in urinary cystatin C, independent of serum cystatin
C, suggest renal tubular damage rather than solely glomerular
damage [29]. In addition, urinary Cystitis C was found increased
with increasing degree of albuminuria and reached higher levels in
macro albuminuria patients with DM. Moreover, increased urinary
Cystitis C was associated with decline in GFR, particularly at the early
stages of DN in patients with an eGFR of ≥60 mL/min/1.73 m2, and
that this was correlated with progression to CKD stage 3 or greater
[30]. These findings suggest that urinary cystatin C may be a sensitive
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biomarker for early detection and prediction of kidney impairment
in type 2 diabetic patients. However cystatin C is still unavailable in
many laboratories.

Urinary Micro RNA (mi RNA)
In recent years, a class of naturally occurring short non coding
RNA called micro RNA (mi RNA) has emerged as important posttranscriptional regulators of gene expression, capable of regulating
numerous biological functions. Considerable attention has focused on
the role of mi RNAs as mediators or biomarkers of diseases, including
DN. Several mi RNAs in serum, plasma, urine and other body fluids,
have now been identified, which may be up regulated or down
regulated in the progression of DN, and their detection in very early
stages may be of value in predicting the disease course. Argyropoulos
et al. identified a set of 27 differentially expressed mi RNAs in urine
samples from patients with type 1 diabetes in different stages of DN
whose renal outcomes had been ascertained after >20 years of followup [31]. Further studies on a larger diabetic population are needed
to characterize mi RNAs that are highly specific to DN in order to
understand their role in the pathogenesis of diabetic nephropathy.

Urine Proteomics
Urine proteome analysis is rapidly emerging as a tool for
facilitating the diagnosis and prognosis of disease states and the
technology of high resolution protein separation by capillary
electrophoresis together with mass spectrometry allows enables an
unbiased search for potential new biomarkers. Recent studies using
this approach identified a set of biomarkers for DN could distinguish
individuals with type 1 diabetes from those with type 2 diabetes. Also,
these studies identified urinary proteomic biomarkers that are distinct
for patients who had albuminuria and diabetes and who subsequently
progressed toward overt DN, and allow the early detection of DN, or
its discrimination from other non diabetic CKD or the prediction of
normoalbuminuria diabetic patients prone to develop DN [32].
Until now, the main limitations of the newer molecular
technologies, such as quantitative PCR to detect urine mi RNAs and
urine proteomics for their use are: they are expensive and currently
available in rare laboratories.

Conclusion
Over the last few decades, there has been tremendous interest
in the discovery of biomarkers of DN that allow for the detection of
early stages of DN and progressive kidney function decline in diabetic
patients. Usually these markers tested in small cross sectional studies,
and are not applicable in daily practice. However, it is still difficult to
determine which patients with diabetes will develop DN and progress
to a state of declining glomerular filtration rate and the development
of end stage renal disease. By getting the better marker/ s, the current
standard for detection and prediction of diabetic nephropathy
and cardiovascular risk remains albuminuria having in mind its
limitations.
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