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Diabetic and Nephropathy
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Abstract

Recently, several genes that predispose to type 2 diabetes have been discovered.
There is ample evidence to indicate a genetic predisposition to the microvascular
complication of nephropathy in people with both type 1 and type 2 diabetes, in
addition to the well-known and potent effects of environmental variables. In
populations all over the world, familial aggregation of phenotypes such as
end-stage renal disease, albuminuria, and chronic kidney disease has frequently
been recorded. Heritability estimations for albuminuria and glomerular filtration
rate also show considerable influences from inherited variables. Recent genome-
wide linkage analyses have examined positional candidate genes under numerous
chromosomal areas that are more likely to contain genes that increase the risk of
developing diabetic nephropathy. The hereditary elements of diabetic kidney
disease are reviewed in this book chapter, with a focus on recently identified
genes and pathways. It appears likely that inheriting risk alleles at numerous
susceptibility loci, in the presence of hyperglycemia, increases the risk for
diabetes-associated kidney damage. In contrast to the molecular genetic studies,
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which have already been fully reviewed elsewhere, this book chapter focuses on
the gathered data on hereditary factors from family studies in order to assess the
role of genetic vulnerability in diabetic nephropathy.
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1 Introduction

Diabetes mellitus (DM) is recognised to have a wide range of consequences,
including microvascular and macrovascular issues as well as other metabolic issues.
These have been chosen as a group to increase their global influence. The frequency
of diabetes is rapidly increasing, having significant negative socioeconomic impacts
in economically developed and underdeveloped countries (Tandon et al., 2018).
Additionally, the rise in DM-related issues, specifically diabetic diabetes-related
retinopathy, diabetic neuropathy, diabetic nephropathy, and other related cardiovas-
cular conditions are placing enormous demands on healthcare. According to the
International Diabetes Federation (IDF), around 463 million persons worldwide had
diabetes as of 2019, and by 2030, the population could reach 578 million worldwide
(Saeedi et al., 2019). According to estimates, 30 to 40 percent of people with
diabetes mellitus go on to develop the disease, later developing nephropathy into
end-stage renal disease (ESRD) (Wei et al., 2018). There are fundamental
mechanisms underlying type 1 (T1DM) and type 2 diabetic kidney disease. Despite
the overall clinical appearance of both diseases is remarkably similar, and T2DM
histology findings. The primary cause of the increase in hyperglycemic levels is
acknowledged to be the development of renal lesions that precisely detect DN
progression.

Diabetic nephropathy is rarely seen in type 2 diabetes in the first 10 years after
diagnosis; however, roughly about 3 percent of patients with type 2 diabetes,
recently diagnosed with diabetes, will be already have overt nephropathy. The
variance in this part reveals the role of comorbidities and the link between
age-related effects of hypertension as well as coexisting atherosclerosis. Although
the major reason for DN is hemodynamic and metabolic factors, it has been indicated
that DN is an inflammatory process including immune cells (Duran-Salgado &
Rubio-Guerra, 2014). The key pathology variations of diabetic nephropathy are
factors such as hypertension, proteinuria, and aggregation of advanced glycation
end products (AGEs) as well growth factors along with a perpetual worsening in the
function of the kidney. The etiology of DN is multifactorial, accompanied by genetic
and ecological factors (Magee et al., 2017). Albumin/creatinine ratios of more than
300 mg/g creatinine or abnormally high levels of albuminuria, which are found in at
least two out of three samples and show an obvious result, as well as the occurrence
of diabetic retinopathy condition and the non-appearance of other renal diseases, are



characteristics of diabetic nephropathy (Forbes & Cooper, 2013). According to
studies by Parving et al. (2011), Alter et al. (2012), and Bonventre (2012), it is
also a clinical disease characterised by extreme extracellular matrix protein deposi-
tion, reduced glomerular filtration rate (GFR), lower creatinine clearance, reduced
excretion of albumin, tubulointerstitial fibrosis, increased thickness of glomerular
basement membrane, and glomerular hypertrophy. Through repeated measurement
and rising values of albuminuria within the usual and unusual ranges are linked with
an increased threat in the progression of cardiovascular and renal disease, the normal
level of albuminuria is defined as being 30 mg per gram or 30 mg in 24 h, whereas
the unusual range is beyond 30 mg per gram.
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The most frequent cause of ESRD progression is diabetic nephropathy. Although
T2DM is a preventable and treatable foundation for DN to ESRD, it is known that
T2DM-related ESRD cases account for more than 50% of all cases globally (Ameri-
can Diabetes Association, 2017). High morbidity and mortality in cardiovascular
disease are also associated with DN, most often in the initial stages of the disease.
Although the pathophysiology of DN is very well recognised, several causes of the
disease still need to be found. A number of previously published studies have shown
that some non-modifiable risk variables, such as family history, higher GFR follow-
ing the diagnosis of type 2 diabetes mellitus, and ethnicity, are associated with
DN. Obesity, hypertension, smoking, excessive blood sugar, and dyslipidemia are
the modifiable causal factors for the development of DN (Shaza et al., 2005) (Fig. 1).

Family clustering and the fact that not all diabetes patients proceed to obvious DN
despite long-standing poor glycaemic management reveal the genetic component of
DN vulnerability. The family clustering studies provide more evidence for the major
role that inherited variables play in ESRD and diabetic nephropathy. A strategy to
distinguish between the mechanisms of DN initiation and advancement is the
investigation of predisposed genetic loci or genes. Due to this, multiple
determinations have been undertaken to recognise the genetic relationships between
DN and various traits using an assortment of techniques, together with genome-wide
association studies (GWAS), and candidate gene linkage analysis (Liu et al., 2015).

2 Epidemiology

Diabetes renal disease is well documented to have a substantial part in the progres-
sion of ESRD worldwide, particularly in nations like the USA, Japan, and Europe.
Numerous population-based studies have found that Blacks and Asians with diabetes
are more likely than White people to have the end-stage renal disease (ESRD)
(Karter et al., 2002). When compared to White people, Hispanic people with and
without diabetes have a higher incidence of renal illness (Young et al., 2003).
Despite having low body mass indices, diabetic patients in India frequently have
high levels of inflammatory markers, low levels of adiponectin, and insulin resis-
tance (Pugh et al., 1988). While overt diabetes is very common among older Indian
patients in other places as well, intolerance is well-established within the Indian
people. However, the dangerously high prevalence of prediabetes and obesity in



young individuals raises serious concerns in the current environment (Mohan et al.,
2003, 2007; Ravikumar et al., 2011).
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Fig. 1 Pathophysiology of diabetic nephropathy

Along with the rise in diabetes, there was also a marked rise in the frequency of
DN, which has appeared as the leading cause of ESRD. Currently, chronic renal
disease in elderly persons accounts for no less than 46% of cases of diabetic
nephropathy. Overt nephropathy and microalbuminuria were found to be prevalent
in urban residents with diabetes, with respective incidences of 2.1% and 26.9%,
according to the Urban-Rural Epidemiology Study (Goyal et al., 2010). It is quite
concerning that Southeast Asians have a considerably higher risk of developing
impaired glucose tolerance and low fasting glucose levels than the local inhabitants
of European ancestry (Unnikrishnan et al., 2007). Additionally, it was noted in the
UK and Canada that people of Asian descent had a higher prevalence of chronic
kidney-related issues, notably DN, which was reportedly caused by differing
lifestyles and genetics (Gray et al., 2010).

When present in a diabetic patient, proteinuria of more than 300 mg/day was a
clear indicator of diabetic nephropathy (Barbour et al., 2010). Studies have shown
that DN patients exhibit a variety of clinical manifestations as ESRD progresses,
despite the fact that the hallmark of DN is a steady progression of micro- to
macroalbuminuria, and hyperfiltration in the initial stage leads to the impairment
of kidney function. There are several phases involved in the progression of DN in
diabetic patients, which leads to end-stage renal disease.
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3 Stage I: Early Hypertrophy-Hyperfiltration

Past investigations have mostly revealed that several renal alterations are involved
from the clinical onset of diabetes mellitus. As well as the early stage of hypertrophy
and hyperfiltration, these modifications mostly depend on the function, biochemis-
try, and structure providing the definition of a new entity (American Diabetes
Association, 2004). The majority of individuals with newly diagnosed diabetes
experience this stage, which is characterised by an upsurge in glomerular filtration
(GF) rate and a rise in capillary permeability that causes microalbuminuria (MAU)
and, ultimately, renal hypertrophy. Glomerular filtration and microalbuminuria may
worsen as a result of insulin therapy (Satchell & Tooke, 2008).

4 Stage II: Latent Diabetic Nephropathy

This is a stage that advances slowly and manifests structural lesions in biopsy after
many years without any obvious clinical indications of renal disease. While an
obvious glomerular impairment will be present, the glomerular filtration rate either
stays high or rebounds to normal. Some diabetics will remain in stage II for the rest
of their lives. In this stage as well, improved glucose management can result in a
reduction in glomerular filtration rate (MacIsaac et al., 2017).

5 Stage III: Incipient Diabetic Nephropathy

The glomerular basement membrane (GBM) dilatation, increased albuminuria of
between 30–300 mg/day (20–200 g/min), and a practically unchanged glomerular
filtration rate are the hallmarks of this stage. The progression of albuminuria in the
setting of declining renal function is significantly influenced by blood pressure.
Another symptom is microalbuminuria; thus screening for it once a year in all
diabetic patients can help identify the potential renal disease and cardiovascular
risk (Satchell & Tooke, 2008; Clarke et al., 2003).

6 Stage IV: Overt Nephropathy

Irreversible proteinuria, ongoing hypertension, and GFR under 60 ml/min/1.73 m2

are the hallmarks of this stage. It has been determined that between 20 and 40 percent
of T2DM patients who have microalbuminuria are more likely to develop overt
nephropathy (Clarke et al., 2003). When albumin levels in the urine exceed 300 mg
per day or 200 g/min after 10 to 15 years, hypertension is also known to worsen in
almost all patients. On the other hand, when glomerular damage worsens, the
kidneys’ ability to filter out albumin is increasingly diminished, causing a rise in
urine albumin excretion of roughly 10–20 percent annually (Molitch et al., 2004).
This stage typically leads to renal insufficiency and nephrotic syndrome with



concurrent advancement of additional diabetic-related complications like diabetic
nephropathy, diabetic neuropathy, retinopathy, or diabetic foot as well as increased
hypertension if blood sugar and blood pressure are not strictly controlled
(Drummond & Mauer, 2002).
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7 Stage V: End-Stage Renal Disease

The glomerular filtration rate (2–20 ml/min/year), which is known to be extremely
varied in individuals, steadily decreases with the occurrence of overt nephropathy,
necessitating kidney replacement therapy (peritoneal dialysis, hemodialysis, and
kidney transplantation). The variability of diseases, such as glomerular filtration
barrier malfunction and loss in kidney function among individuals at this stage,
points to a variety of disease pathways associated with a variety of hereditary
determinants (Kramer et al., 2003; Ellis et al., 2012). The research of relative risk
alleles and low-frequency alleles of the diabetic nephropathy phenotype provided
experimental study support for this interpretation (Placha et al., 2005).

Variations in structural and functional characteristics identify diabetic nephropa-
thy. Glomerular hyperfiltration, glomerular basement membrane dilation, mesangial
cell growth, and nodular glomerulosclerosis are typical symptoms in the early stages
of DN. Diabetes induces significant histopathological changes in the kidney struc-
ture, according to Kimmelstiel-Wilson (Chan et al., 2014). It is well established that
DN’s pathophysiological mechanisms are complex. In the early stages of DN,
tubular hypertrophy is seen to exist, and this gradually gives rise to interstitial
fibrosis, tubular atrophy, and arteriolar hyalinosis (Kimmelstiel & Wilson, 1936).
Hyperglycemia is the initiating cause that leads to structural and functional
alterations, which progress to mesangial matrix buildup, overt proteinuria, glomeru-
lar hyperfiltration, tubular epithelial hypertrophy, and ultimately end-stage renal
disease (Weil et al., 2012).

The development and progression of DN, which affect a variety of cell types
including podocytes, inflammatory cells, endothelial, mesangial kidney cells, as well
as renal tubular and accumulation duct systems, are known to be significantly
influenced by high glucose levels. These procedures involve a number of different
paths. Transforming growth factor (TGF) cellular expression and strong reactive
oxygen species (ROS) generation in the mitochondria are important effects of
hyperglycemia (Vallon & Komers, 2011). In addition to increasing the expression
of growth factors, cytokines, extracellular matrix proteins (ECM), and leucocyte
adhesion molecules in the kidneys, reactive oxygen species also stimulate the
signalling and transcription factors (Fig. 2).

TGF stimulates the production of the ECM, which results in cellular hypertrophy
and better collagen synthesis (Weil et al., 2012). The diffuse mesangial enlargement
is a recognisable sign of diabetic nephropathy (Forbes & Cooper, 2013). Wilson
nodules, or areas of strong mesangial deposition, are visible in 40 to 50 percent of
patients who later develop proteinuria (Chan et al., 2014). The mesangial matrix
expansion also has a relationship to proteinuria and declining kidney function. The



accumulation of matrix in the mesangial area, which lowers the capillary surface area
accessible for the filtration process, causes advanced loss of renal function (Bilous,
1997). The glomerular basement membrane dilatation caused by a change in the
structure and composition of the membrane is another distinct characteristic of
diabetic glomerulopathy; however, it is not strictly related because it occurs regard-
less of nephropathy (Fioretto & Mauer, 2007). Although it is more permeable to
proteins, the thick GBM contributes as an efficient barrier in the filtering of proteins
(Arif & Nihalani, 2013). The lack of charge selectivity by the GBM, which permits
the passage of positively charged proteins like albumin, is shown by a decrease in
negatively charged proteoglycans. The excretion of proteinuria helps to explain this
effect in part. The glomerular visceral epithelial cell is the primary barrier separating
plasma proteins from the vasculature (slit diaphragm of podocytes). The podocytes’
variants are adaptable. When microalbuminuria first develops, there is a noticeable
drop in the number of podocytes as well as a broadening of the pedicels, but these
changes are unrelated to the degree of proteinuria. The majority of the podocytes will
be lost as DN progresses, and the remaining podocytes should compensate for this
loss (Lin & Susztak, 2016).
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Fig. 2 Schematic representation of the consequences of diabetes mellitus

The fall in proteinuria and GFR is a result of all the aforementioned alterations in
the glomerular filtration barrier, which is made up of glomerular endothelium,
podocytes, and GBM. The tubules that have interstitial fibrosis and nephron atrophy
are observed to be negatively impacted by proteinuria (Williams, 2005). As a result,



tubular transport will be impaired by ongoing hyperglycemia, resulting in hemody-
namic imbalance and a decline in renal function. Hyaline arteriosclerosis, which also
causes glomerular dysfunction, is another early sign of DN. This syndrome is made
worse by hyperlipidemia and hypertension, which constrict the arteriole lumen and
increase renal vascular hypertension (Nishi et al., 2000).
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In the initial phases of diabetic nephropathy, the glomerulus experiences hemo-
dynamic alterations, including hyperfiltration and hyperperfusion damage. This
stage is thus multifaceted. A rise in glomerular capillary pressure, which in turn
enhances the transcapillary hydraulic pressure gradient and intensifies the glomeru-
lar plasma flow, results from a reduction in the arteriolar resistance (Hostetter, 2003).
There is a vast range of probable processes and intermediates. There are sufficiently
clear indications that diabetic hyperfiltration is caused by an imbalance among the
vasoactive factors that regulate the afferent and efferent arteriolar tonus, in addition
to the fact that metabolic variables are linked to hyperglycemia (Vallon & Komers,
2011). Hyperperfusion and hyperfiltration are produced as a result of variables
including growth hormone, prostanoids, insulin, atrial natriuretic factor, nitric
oxide, glucagon, and angiotensin-II (ANG-II) (Chawla et al., 2010). On the other
hand, glomerular basement membrane thickening increased mesangial cell matrix
synthesis, and elevated intraglomerular pressure are recognised to be the causes of
glomerulosclerosis. Hyperglycemia causes effects on the renal cells that are hemo-
dynamic, inflammatory, and profibrogenic, which enhance the production of
angiotensin-II. Cytokines like TGF and vascular endothelial growth factors
(VEGF) are the main mediators of hyperfiltration (Wolf et al., 2003).

It is well-recognised that beta plays a significant role in diabetic vascular insta-
bility. Thus, this process increases arginine re-synthesise and endothelial NOS (nitric
oxide synthase) mRNA expression, both of which lead to an increase in nitric oxide
production (Sharma et al., 2003). The enhanced glomerular filtration will be a result
of the elevated nitric oxide levels in the kidneys. According to recent research,
endothelial nitric oxide (NOS3, eNOS) is a causal enzyme that contributes to the
excess nitric oxide generation in diabetic kidneys. Additionally, this leads to an
increase in the amount of ROS in the diabetic kidneys (Veelken et al., 2000;
Sugimoto et al., 1998). Other research has also indicated that neuronal NOS plays
a significant role in hyperfiltration, modulating the negative tubuloglomerular feed-
back loop (Ito et al., 2001).

Additional variables that are connected to the pathophysiology of diabetic
nephropathy are also regulated by nitric oxide. Growth factors and cytokines are
released via the autocrine and paracrine pathways when glomerular hemodynamics
are altered as a result of mechanical strain and shear stress (Chawla et al., 2010).
Further structural changes to DN are caused by this hemodynamic stress and are
initiated locally by growth factors and cytokines. Because of the macula densa
mechanism and tubular hypertrophy, the increase in sodium chloride reabsorption
in the loops of Henle increases the frequency of the glomerular filtration rate. As a
result, it facilitates sodium chloride’s accelerated reabsorption, which may be crucial
in this phase and once again links structural alterations to hemodynamic variation in
diabetic nephropathy (Thomson et al., 2004).
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Hyperglycemia, elevated glucagon levels, and growth factors that characterise
diabetes mellitus are considered metabolic variables. It is well-established that
changes in insulin levels have a clear effect on microvascular problems (Vithian &
Hurel, 2010). Even after many histological defects in their kidneys, the majority of
diabetes people will not advance to renal failure. Thus, it is clear from this that
hyperglycemia is a necessary but insufficient component to trigger renal damage that
ultimately results in kidney failure. The glucose transport activity is a known
important regulator in the extracellular growth of mesangial cells. The key regulator
that facilitates the entry of glucose into kidney cells is the glucose transporter
1 (GLUT1). Additional metabolic pathways are stimulated by glucose, which results
in the growth and formation of mesangial cell matrix (Mishra et al., 2005). Even
though the glucose levels are normal, changes in the renal cells will result from
GLUT1 overexpression (Heilig et al., 1995). The mesangial cells’ presence of
GLUT1, a brain-type glucose transporter, and GLUT4, an insulin-sensitive extracel-
lular glucose transporter, makes it simple for a high level of glucose to enter the cell
in an insulin-independent fashion (Haneda et al., 2003; Heilig et al., 1995).

Numerous experimental investigations show that diabetes significantly increases
the rate of matrix and glomerular basement membrane components, which improves
collagen synthesis. As a result of higher glycaemic levels, GLUT1 is typically
overexpressed; however, the pathophysiological role of glucose transporter 1 in
DN is not yet known (Heilig et al., 1995). It is also known that glucose interacts
with structural proteins, causing a process known as non-enzymatic glycosylation
that leads to the formation of advanced glycosylation end products (Nishikawa et al.,
2000). The end products of this reaction distress the glomerular basement membrane
components, leading to the formation of cross-links that are prominent to diminished
sensitivity, which results in the buildup and deposit of proteases (Brownlee et al.,
1986). AGEs alter the macrophage removal system by impeding the mechanisms of
mesangial clearance, which causes an expansion of the mesangial cell and eventually
results in glomerular blockage (Forbes et al., 2001). The final result of a series of as-
yet-unknown metabolic processes is advanced glycation end products (AGEs).
Although there is a clear difference between regulated glycaemic levels as expressed
by HbA1c (glycated haemoglobin), AGE formation is high in diabetes induced by
persistent hyperglycemia (Cohen et al., 2003). There is also known to be a strong
association between the decrease in kidney function and the accumulation of AGE in
kidney disorders because filtration of the kidney plays a critical role in the clearance
of circulating AGEs (Nitta et al., 2013).

Due to hemodynamic changes brought on by non-enzymatic glycosylation,
protein kinase C (PKC) is also activated, accelerating the polyol pathway and
stimulating the production of TGF, VEGF, interleukin-6, interleukin-1,
interleukin-18, and tumour necrosis factor-alpha (TNF). Oxidative stress and the
formation of ROS both destroy DNA and proteins and act as signalling amplifiers for
stress pathways like mitogen-activated protein kinase (MAPK), PKC, and nuclear
factor kappa B (NF-KB) (Ha & Lee, 2000). Aldose reductase converts extra glucose
into sorbitol, activating the polyol pathways. Sorbitol dehydrogenase then converts
fructose, causing oxidative stress due to an increase in the nicotinamide adenine



dinucleotide phosphate (NADPH) ratio (Srivastava et al., 2005). Protein structural
and functional variation, the expression of inflammatory cytokines and growth
factors, and oxidative stress are all consequences of AGE formation, which is caused
by the non-enzymatic binding of lipids, glucose, and nucleic acids to proteins as well
as nucleic acids (Sheetz & King, 2002). All of these lead to increased proteinuria,
glomerulosclerosis, and undoubtedly tubulointerstitial fibrosis by generating the
glomerular basement membrane’s high albumin permeability and extracellular
matrix buildup.
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The generation of ROS by oxidative stress is believed to be a causative factor in
the development of diabetes complications (Brownlee, 2001). The cytotoxic nature
of ROS is known to promote fibrosis and inflammation. In addition, molecular
disruption is caused by the oxidation of macromolecules such as carbohydrates,
proteins, lipids, and DNA (Nishikawa et al., 2000). According to studies, oxidative
stress is significantly influenced by insulin resistance because free glucose and low
NADPH ratios activate the polyol and aldose reductase pathways. Through the de
novo synthesis of diacylglycerol (DAG), the elevated intracellular glucose level
activates the PKC (Geraldes & King, 2010). The transition of metal-catalysed
Fenton reactions, peroxidases, deficits in the mitochondrial respiratory chain, xan-
thine oxidase activity, NADPH oxidase coupled with NO synthase, and
autooxidation of glucose is known to contribute to the formation of ROS in diabetes
(Fakhruddin et al., 2017). The production of ROS in diabetes is significantly
influenced by the activity and expression of NADPH oxidase (Wautier et al.,
2001). The membranous p22phox and gp91phos, also known as nox-1 and nox-4
homologues, the cytosolic p47phox and p67phox subunits, and the regulatory G
protein rac-1 make up the five subunits that make up vascular NADPH (Harrison
et al., 2003). Due to the stimulation, the cytosolic and membranous subunits will
come together to create a functional oxidase that will use NADPH as an electron
donor, resulting in a finely defined oxidative burst. In experimental diabetes, there
has been a rise in the cytosolic NADPH oxidase subunit, p47phox, in the kidney and
vascular system (Christ et al., 2002).

It is well established that a rise in blood sugar levels can boost the mitochondria’s
production of ROS. The increased glucose absorption also stimulates the citric acid
cycle and glycolysis, which results in an excess synthesis of electron donors such
as NADH and flavin adenine dinucleotide (FADH2) (Brownlee, 2001). The inner
membrane of the mitochondria contains a localised electron transport chain, and
when the number of electron donors increases, this pumping of protons across the
inner membrane raises the membrane potential. As a result, the transit of electrons at
complex III is restricted by lengthening the half-life of the coenzyme Q’s free radical
intermediates, which further reduces O2 to superoxide. Furthermore, although type
2 diabetic people can also develop renal lesions without diabetes, the distinguishing
features of DN are recognised to be brought on by diabetes. All of these judgments
reach the conclusion that detecting the accumulation of AGEs significantly indicates
hyperglycemia and also advances knowledge of other metabolic variables. The
excessive production of superoxides and cellular pseudohypoxia also contributes
to inflammatory processes and oxidative stress. In diabetic individuals, the



accumulation of AGE is well recognised as an early indicator of renal problems
(Amore et al., 2004). Numerous familial studies, as well as epidemiological studies,
have shown that the main factors that show an important role in the progression of
nephropathy as well hyperglycemia, obesity, insulin resistance, dyslipidemia, and
genetic susceptibility along with other environmental factors and dietary habits
(Adler et al., 2003). Age, race, ethnicity, and family history are non-modifiable
characteristics. Modifiable factors typically have to do with lifestyle choices and
environment-related elements that can be changed.
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Individual differences in the risk of developing DN in diabetes patients bring the
genetic predisposition relationship to a close. Long-term effects of DN include
increased blood pressure, declining renal function, and ESRD, according to knowl-
edge. A combination of metabolic and hemodynamic disturbances increased expres-
sion of inflammatory cytokines, growth hormones, and genetic susceptibility works
together to activate these causes (Jacobsen, 2005). It is yet unknown how nephropa-
thy is genetically transmitted. Its multifactorial character makes polygenic transmis-
sion more likely than other modes of transmission. Several familial investigations
have produced ample data which confirms the abovementioned information (Adler
et al., 2003).

It is well-recognised that ethnicity can also affect the likelihood of developing
diabetic nephropathy. Numerous studies have shown that Asians with diabetes are
more likely than Caucasians to develop ESRD, which raises their likelihood of
receiving kidney replacement therapy by 5.8 times (Burden et al., 1992). According
to a cross-sectional study done in the UK, South Asians are further probable than
Europeans to have microalbuminuria. Another study that supported this finding
showed that South Asians had a proteinuria prevalence rate of 21%, while White
people in the UK only had a prevalence rate of 14% (Dreyer et al., 2009). In a follow-
up study, it was shown that South Asians had a 1.45 times larger drop in eGFR and
were four times more likely to develop albuminuria than Europeans (Shaw et al.,
2006). Hence, all these findings emphasise the notion that an increased understand-
ing of the risk factors which lead to the pathogenesis of DN specifically in the South
Asian population is crucial. Learning more about the pathogenesis of DN in South
Asians will be essential for preventing the disease’s start and delaying its
progression.

One of the main complications of diabetes is diabetic nephropathy, which is
characterised by elevated levels of albuminuria that accelerate the loss of renal
function. Because elevated levels of albuminuria do not manifest until there has
been severe kidney damage, clinical identification of nephropathy is difficult
(Parving et al., 2011). Heavy albuminuria rate is currently the gold standard for
DN detection. Typically, after 15 to 20 years of uncontrolled diabetes, DN incidence
is noted (Nazar, 2014). Another fact that not all diabetes patients with
microalbuminuria proceed to DN is still not fully understood. This emphasises the
necessity of developing genetic indicators for the prognosis of DN at the onset of the
disease. The fact that not all patients with diabetes progress to diabetic nephropathy
(DN) can shed light on the role of hereditary factors in the development of diabetes
and its progression to DN. According to this assertion, inherited genetic



characteristics in the family may have an impact on a person who has both diabetes
and diabetic nephropathy. However, each person experiences renal functional
impairment at the same rate. When compared to patients with a normal amount of
albumin excretion, studies have shown that those with nephropathy had a higher
incidence of diabetes risk factors (Brennan et al., 2013). Comparing first-degree
relatives of diabetes patients with and without DN, familial investigations have
shown that these features are more common in DN patients (Fogarty et al., 2000).
As a result, the development of diabetic nephropathy may have been influenced by
genetic factors, which further suggest a vulnerability to cardiovascular illnesses. The
impact of genetic factors, in addition to the link to single-gene changes, can likely be
complicated and multivariate. Consequently, it is also known that gene-gene
interactions and gene-environment interactions show a substantial role in the devel-
opment of disease (Liu et al., 2015).
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Numerous genetic investigations have already been conducted to categorise
potential candidate genes in large sample size studies, which also adds to the study
of diabetic nephropathy pathogenesis. The identification of DN-related genes will
also aid in identifying those people who are more likely to experience this renal
problem. Additionally, it increases understanding of the illness progression
mechanisms. Due to their small sample sizes and weak statistical power, the majority
of earlier studies about the genes of DN are often constrained. Recent observations
on diversity in genotype expression brought on by intraglomerular pressure and high
glucose levels make it more difficult to make sense of the results. The prediction of
diabetic people who are likely to develop a high risk of DN will benefit from the
discovery of vulnerable genes and causal variations. It will also help to identify
potential prognostic indicators for early nephropathy detection and inhibition, as
well as for delaying the progression to the subsequent advanced stages. The major
goal is to raise the patients with DN’s survival rate. Single-nucleotide
polymorphisms (SNPs), extensive, structural chromosomal disruptions, and other
variations of genetic deviation can all be found in the human genome. The SNPs
linked to gene expression may also be involved in a number of disorders brought on
by disruptions in the homeostasis of the genes. This could include transcriptional
mechanisms such as transcription factor binding, atypical gene splicing, and mes-
senger RNA degradation (Cheung & Spielman, 2009). The human genome has been
sequenced, and it shows that 99.9% of each person’s DNA is the same. Only 0.1
percent of people differ from one another. This distinction is what determines how
each individual’s phenotype is unique. Single base deviations in the human genome
are known as single-nucleotide polymorphisms, which are small genetic changes.
Despite the relatively low danger that the normal genetic variants display, bigger
populations indicate increased risk due to their larger frequencies. A genetic locus is
often considered polymorphic if the frequency of the sporadic allele exceeds 1% and
results in a heterozygotic frequency of at least 2%. It is generally recognised that a
combination of hereditary genetic polymorphisms and numerous environmental
circumstances can predispose someone to specific diseases or change how a disease
develops. Additionally, recent research has demonstrated that genetic
polymorphisms might influence a person’s susceptibility to conditions like diabetes



mellitus, osteoporosis, hypertension, and Alzheimer’s disease. Comparatively to the
detection of single gene mutations or other significant chromosomal aberrations, the
discovery of such vulnerable genes is difficult because a single polymorphism seems
to display only a minimal effect on the phenotype. Since the occurrence of many
sensitive alleles at a multiplex locus may not always result in overt clinical
symptoms, it is hypothesised that the change in environmental factors will be the
cause (Holtzman & Marteau, 2000). With the completion of the Human Genome
Project (HGP), opportunities for identifying the genes linked to a variety of multi-
faceted diseases have also quickly advanced. This has improved our understanding
of the haplotype structure of the genome along with recent developments in epide-
miological studies relating to DN. Genome-wide association studies, genetic linkage
studies, association analysis studies/case-control studies, and candidate gene
approach studies are a basic list of genetic techniques (Smith et al., 2004). The
application of GWAS in the realm of medical genetics is well established.
Investigating the relationship between particular genetic variations and particular
diseases is done using this method. The described method further analyses the
genomes of numerous people to find genetic indicators that can be used for disease
prognosis. Once these genetic markers have been discovered, they may be utilised to
research the role of genes in the development of a disease and the creation of superior
preventive and therapeutic approaches. One benefit of GWAS is that it can find the
genes regardless of whether their function has previously been established. How-
ever, problems including low statistical power, high costs, ambiguous genetic
effects, and unreliable phenotypic definitions are some of the causes of partial
success (Cooke et al., 2008). However, SNP-based genome-wide association studies
are utilised in humans to significantly identify the regions that are important for the
onset of some diseases, including diabetes, Crohn’s disease, and even other heredi-
tary problems (Barrett et al., 2008; Sladek et al., 2007). Additionally, this approach
has been utilised to identify specific genetic loci, namely, for diabetic kidney disease
(DKD), eGFR, and albuminuria in people with diabetes mellitus. This method
pinpoints the chromosomal location of genes that are naturally associated with
the disease. It simply works by keeping an eye on the genes that remain close to
one another on the same chromosome and are recognised as being linked throughout
the meiotic stage (Altshuler et al., 2008). The description of a specific phenotype
associated with each gene is essential. The two main categories of linkage analysis
investigations include parametric and nonparametric test methods. In the conven-
tional linkage analysis, the method of inheritance, phenocopies, as well as gene
frequencies must be identified (Lin et al., 2008). For linkage analysis research,
choosing suitable genetic markers is also essential. Microsatellite markers were
used in the initial linkage studies; however, SNPs are now more frequently used
due to their equivalent importance and low cost (Table 1).
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The comprehensive information from the entire genome is known to be delivered
through genome-wide linkage analysis. The downside of this strategy, though, is that
it is less sensitive than association studies. However, it also has the capacity to
identify genomic regions that include a variety of genes and gene variations. Because
it is typically undertaken on a large number of instructional families, it is more
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difficult, expensive, and time-consuming. Pima Indians’ entire genome linkage
investigation resulted in the identification of DN-susceptible loci on chromosomes
3, 7, and 20 (Imperatore et al., 1998). This method entails the identification of
genetic variants in particular candidate genes that may alter or alter the structure
and function of proteins, causing the advancement of specific diseases. In case-
control studies, participant selection is the key element. Case-control association
studies are used to investigate candidate genetic polymorphisms by comparing the
frequency of polymorphisms in certain genes between patients and control
participants. To avoid unfavourable outcomes, it is necessary to properly recruit a
sizable number of carefully characterised cases and control individuals. It is neces-
sary to enroll a high-enough percentage of qualified patients to guarantee that there is
no chance of developing a significant association.
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To achieve this, uniform diagnostic tests for the illness should be investigated,
especially if subgroup analysis is being done with varied disease stages and severity.
Given that occupational characteristics and changes in lifestyle have a significant
impact on susceptibility to various illnesses, it is imperative to develop a relevant
questionnaire that accounts for all of these variables and to ensure that all
participants complete it (Daly & Day, 2001). The family-based association analysis
is another common technique used in genetic association investigations. The trans-
mission disequilibrium test (TDT) is a different approach to investigating the
frequency of diseased alleles that are transmitted or not to the affected offspring
from the diseased heterozygous parents (Feng et al., 2007). There is no need for a
control group because the genotypes of the patient’s parents are already known. It is
thought that the illness allele is connected with the trait if allele transmission occurs
in more than half of the cases. It is well-known that looking into the relationships
between alleles in these groups can provide light on the population association and
assist localise the vulnerable locus within a 2 Mb-wide area. These chromosomal
regions may be incredibly small, yet they will be big enough to allow for physical
mapping. Further discovery of causative polymorphisms and thorough genetic
alterations will also be possible. In case-control studies, the candidate gene method
is essential for identifying the genes that are predisposed to diabetic nephropathy.
The candidate gene study approach can be well understood in comparison to
genome-wide studies because DN-associated genes will be selectively chosen for
the study. Around the world, candidate gene studies for DN are being carried out in
an effort to find genetic indicators that may help predict the likelihood that a diabetic
patient would eventually develop diabetic nephropathy. Single-nucleotide
polymorphisms in one or more genes that suggest a potential role in the pathology
of a certain disease are studied while examining the candidate genes. Therefore, even
when a gene’s influence on a disease is minimal, this approach appears to be helpful.
It is thought to be an appropriate investigation for complicated genetic transmission.
Additionally, this can be particularly helpful in situations when the genetic influence
is very low but the prevalence of disease-associated alleles is high (Patnala et al.,
2013). Although candidate gene studies are known to have strong statistical power,
no novel genes will be found. Linkage analyses, case-control association studies, and
genome-wide association studies, among others, have demonstrated the role of



genetic vulnerability in the development of DN in people with type 2 diabetes
mellitus.
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However, as is the case with the majority of complicated diseases, it has been
demonstrated that it is difficult to pinpoint the precise genetic variants that cause
nephropathy. Therefore, a deeper comprehension of the genetic heritability under-
pinning DN may even aid in the development of novel biomarkers to identify illness
vulnerability and support novel therapy modalities. The combination of multiple
information sources tends to be more beneficial to improve the understanding of the
pathophysiology of illnesses with diverse phenotypes, such as diabetic nephropathy
(Brennan et al., 2013). When compared to external environmental influences, genes
have a significant impact on the development of nephritis, which is already a well-
known and established fact. Single-nucleotide polymorphism analysis is used to
study the impact of these polymorphisms on parameters such as illness susceptibil-
ity, healthcare to change treatment trajectories, and drug resistance.

In light of this, a wide variety of genes have been examined to determine their
relationship to DN and the contribution of multiple SNPs found in the DN-associated
genes. The fact that different ethnic groups exhibit different susceptibility patterns is
another obsession. Positive associations of DN with several genes that have already
undergone investigation are evident. Profibrotic growth factors genes like TGF-1,
connective tissue growth factor (CTGF), VEGF, intercellular adhesion molecule
1 (ICAM1), the receptor for advanced glycation end products (RAGE), monocyte
chemoattractant protein-1 (MCP-1) and antagonists, as well as genes linked to
dyslipidemia, are a few of the genes. Predisposed maps for diseases will benefit
from the Indian Genome Variation Consortium (IGVC) data as well as additional
epidemiology and related phenotypic information (Narang et al., 2010).

This will raise awareness for those who are more susceptible to developing
DN. Genetic association studies are widely employed and sensitive when contrasted
to the scant information on genetic linkage research. Fatty acid-binding protein-
2 (FABP2), angiotensin-converting enzyme (ACE), GLUT1, and ectonucleotide
pyrophosphatase (ENPP1) are a few other DN-associated genes that have been
discovered using the candidate genetic association technique (Tang et al., 2015). It
has been established that the genetic variants chosen for the current study play a
substantial role in the many signs and symptoms of diabetic nephropathy, including
renal hypertrophy, mesangial cell growth, and endothelial dysfunction.

TGF-1 is a multifunctional cytokine that is linked to the pathogenesis of many
renal issues, including diabetic nephropathy, by advancing renal hypertrophy and
increasing extracellular matrix buildup (Reeves & Andreoli, 2000). The TGF-1
gene, which is at the chromosomal location 19q13.1–q13.3, is known to contain
seven exons and six big introns. Currently, information on ten polymorphic loci that
are visible between introns and exons as well as in various flanking regions is being
acknowledged (Watanabe et al., 2002). The transforming growth factor is known to
promote renal hypertrophy and fibrosis, while other cytokines, such as TNF and
monocyte chemoattractant protein-1 (MCP-1), interfere with the CCR2 and CCR5
chemokine receptors to further regulate the influx of macrophages into the kidney
(Prasad et al., 2007). High glycaemic levels seen in people with type 2 diabetes



mellitus are linked to the activation of glucose transport 1, which prompts the renal
and mesangial tubular cells to overexpress TGF. Additionally, an increase in
intraglomerular pressure, activation of the renin-angiotensin system, reactive oxygen
species, and advanced glycation end products cause the renal system to produce TGF
(Qian et al., 2008). Numerous studies have looked at significant individual
differences and shown that genetic variables may regulate the amounts of TGF-1
in the serum and mRNA (Ahluwalia et al., 2009). The two genetic polymorphisms,
915G > C and 869 T > C, were examined in the German population, and the results
revealed a substantial connection between 869 T> C with DN but not with the other
SNP, 915 G > C. (Babel et al., 2006). In a study conducted by Valladares-Salgado
et al. (2010), it was important to explore the relationship between cholesterol levels
and the TGF-1 gene’s T869C polymorphism. Results showed a significant correla-
tion between total cholesterol levels and the CC + CT genotype. Although many
different variations of this gene are expected to exist and be deposited in the dbSNP
database, there is very little information regarding the function and significance of
these variants in relation to renal problems. Numerous investigations in various
populations revealed an enhanced correlation between the 915G > C polymorphism
and a high risk of ESRD and chronic renal failure. However, it is still unclear how
exactly this polymorphism affects diabetes patients whose condition worsens and
eventually leads to DN. There hasn’t been any research on the association between
the TGF-1915G > C polymorphism and diabetic nephropathy in the South Indian
population. The genetic polymorphism was included in the proposed study since it
was found to play a significant role in the pathophysiology of DN and was associated
with greater plasma levels in diabetic patients in other groups. Translocation of a
variant plasmacytoma one gene is well-known for being involved in frequent
translocations between the area of chromosome 2 that codes for it and the region
of chromosome 22 (Graham & Adams, 1986). Chromosome 8q24 is where it is
situated (Millis et al., 2007). Although it has long been known that the kidney
contains significant quantities of PVT1, its function is not yet understood. Through
the use of a genome-wide SNP association research among American Indians with
diabetes mellitus, the gene for plasmacytoma variant translocation 1 is identified as a
candidate gene for end-stage renal disease (ESRD) (Nazar, 2014). PVT1 has been
found to have an impact on unchecked cell proliferation, especially mesangial cell
expansion, which is a well-known key characteristic of diabetic kidney disorders.
PVT1 has been found to affect the formation and progression of DN by a variety of
processes, including the aggregation of extracellular matrix proteins in the glomeru-
lar mesangium (Alvarez & DiStefano, 2011). It has been demonstrated that PVT1
increases TGFB1 and plasminogen activator inhibitor 1 in human mesangial cells,
which are two of the main causes of extracellular matrix buildup in the glomeruli
under high glucose circumstances (Alvarez et al., 2013). The PVT1 gene cluster was
found to contain the markers that were found to be strongly linked with ESRD. The
expression of the PVT1 gene results in a number of transcript variations (Nelson
et al., 1988). PVT1 is a 1.9 kb long non-coding RNA that further encodes a number
of transcripts but is unable to synthesise proteins. According to Alvarez et al. (2013),
it is the first and first non-coding RNA to have demonstrated a relationship with renal
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disorders. Breast and ovarian cancers are also known to be linked to the
overexpression of PVT1 (Guan et al., 2007). A genome-wide single-nucleotide
polymorphism association study among Pima Indians demonstrated a connection
between the rs2648875 gene polymorphism of the PVT1 gene and ESRD. It is well-
known that a rise in glucose and TGF-1 levels causes PVT1 to be increased (Hanson
et al., 2007). The genetic variation rs2648875 has been linked to diabetic mellitus,
which further contributes to DN.
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To learn more about the association between PVT1 and DN and to research the
precise role of the gene causing ESRD, additional studies in various groups are
needed. It is known that pentraxin 3 belongs to the long pentraxin group and shares
structural similarities with short pentraxins like C-reactive protein and serum amy-
loid P component (SAP) (CRP). But when it comes to cell formation and stimulus
activation, it shows a variety of variances. While IL-6 is known to trigger the
formation of CRP and SAP in liver cells, PTX3 is known to be produced by a
variety of cell types as a result of activation brought on by specific stimuli. Addi-
tionally, it has been discovered that PTX3 is stimulated by inflammatory signals and
changed lipoproteins in cells such vascular endothelium and smooth muscle cells.
Additionally, epithelial cells, neurons, fibroblasts, glial cells, and adipocytes have all
been discovered to contribute to its formation (Bottazzi et al., 2016). According to
certain research, acute ischemia-reperfusion renal injuries and chronic kidney
disorders both cause higher-than-normal plasma levels of PTX3. PTX3 is a
proinflammatory cytokine with a documented propensity for having a pathogenic
effect (Yilmaz et al., 2009). A biomarker of immune-inflammatory response and a
proven conservative defence mechanism, high plasma levels of PTX3 are likely to
protect the kidneys as well (Speeckaert et al., 2013).

As established by prior investigations, DN is an inflammatory disease with
changed plasma levels that may also play a role in the disease’s progression. Similar
findings demonstrated that plasma levels of PTX3 were negatively correlated with
eGFR before positively correlating with the levels of proteinuria in DN patients. This
led to the further suggestion of PTX3’s involvement in the development of DN
(Uzun et al., 2016). Additionally, it has been discovered that the SNPs in this gene
affect the amounts of circulating PTX3, which is once again connected to several
additional illnesses, including hepatocellular carcinoma, primary graft malfunction,
and pulmonary tuberculosis (Carmo et al., 2016; Diamond et al., 2012; Olesen et al.,
2007), while only one study, conducted in the Chinese population, found a link
between DN and genetic variations that increase susceptibility to diabetes (Zhu et al.,
2017). According to linkage studies, the chromosome 3q is linked to diabetes and
nephropathy in a number of populations. Additionally, the gene that codes for PTX3
is situated in the region of 3q25.32 that is too close to the linkage region (Vionnet
et al., 2006). This strengthens the connection between PTX3 and DN that may exist.
Further research on the genetic variation of PTX3 will pave the path for the creation
of a potential biomarker for the early diagnosis of DN in diabetic patients. Endothe-
lial dysfunction is another defining feature of DN. Nitric oxide synthase activity in
endothelial cells is decreased as a result of endothelial dysfunction, a risk factor.
Additionally, this action is critical to the pathophysiology of DN (Nakagawa et al.,



2007). The nitric oxide synthase 3 gene is located on chromosome 7 in the
7q35–7q36 region. With 26 exons and 25 introns, it has a total length of 21 kilobases
(Zanchi et al., 2000).
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Endothelial nitric oxide synthase, an enzyme, identifies nitric oxide as a crucial
endothelial cell by product that is from L-arginine (eNOS). It has been demonstrated
that the NO plays a variety of physiological and regulatory activities as well as
taking part in processes like blocking platelet aggregation, neurotransmission,
controlling blood pressure, and relaxing smooth muscle (Syed et al., 2011). Induc-
ible NOS (iNOS), endothelial NOS (eNOS), and neuronal NOS (nNOS) are the three
isoforms of nitric oxide synthase (Noiri et al., 2002). The likelihood of developing
issues connected to diabetes increases when ROS generation increases, particularly
superoxide anion (O2-) (Mclennan et al., 2000). Peroxynitrite (ONOO-), which is
known as a weak agonist necessary to activate the cyclic guanosine monophosphate,
is created when the superoxide anion combines with nitric oxide (cGMP). O2-
effectively deactivates the NO as a result. Nitric oxide activity may be reduced by
the NADPH oxidase induction seen in diabetes mellitus. By reducing the expression
of matrix metalloproteinases and boosting the expression of tissue inhibitor of
metalloproteinases in the kidney, this further accelerates the mRNA expression
required for the fibronectin and transforming growth factor-1 (TGF-1) present in
the glomerulus (Chiarelli et al., 2009).

It has been established that the eNOS gene variations both reduce nitric oxide
production and contribute to endothelial dysfunction. The 786 T > C alteration
found in the promoter region of the eNOS gene is one of the most significant single-
nucleotide polymorphisms (b). Glu is changed to Asp at codon 298 by the 894 G> T
alteration found in exon 7 (c). Intron 4 contains a 27-bp variable tandem repeat
(VNTR) polymorphism that has been shown to exhibit an insertion and deletion with
two alleles (Asakimori et al., 2002). The 894G > T polymorphism among these has
been found to continue to be significantly related with DN. Studies have shown that
the eNOS 894G > T polymorphism T allele and TT genotype significantly increase
the chance of developing DN. Diabetic individuals from Tunisia and Japan have a
higher prevalence of this polymorphism, which has further contributed to renal
failure (Santos et al., 2011).

However, other studies have also claimed to have found no appreciable effects in
the specific population. This variation can be explained by ethnic and geographic
factors that may affect the connection of polymorphisms and hence affect whether
DN will proceed or not. Other illnesses such acute myocardial infarction, coronary
artery disease, hypertension, and atherosclerosis are associated with an increased
frequency of this polymorphism (Colombo et al., 2002; Cilingir et al., 2019). The
polymorphism can be proposed as a primary factor for the progression of diabetic
nephropathy specifically in individuals with diabetes, based on the results of previ-
ous studies, it can be concluded; furthermore, the majority of the Caucasian and
Asian populations were associated with the 894G > T polymorphism’s significant
risk of DN among diabetic patients as opposed to in participants who were not
diabetic (Chalasova et al., 2014).
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8 Conclusion

DN and ESRD continue to be major issues despite greatest attempts to reduce the
disease’s effect on such end-organ damage. A multifactorial strategy is still the most
rational one in the extremely complicated environment of diabetes, where no one
medication can stop the progression of DN. This should include single RAS inhibi-
tion for hypertension or albuminuria, as well as appropriate glycaemic management.
The general health around the world is seriously threatened by diabetes mellitus
(DM). One of the most frequent side effects of diabetes and the main contributor to
end-stage renal disease is diabetic nephropathy (DN) (ESRD). The progression of
DM patients to ESRD is estimated to be between 30 and 40 percent worldwide,
highlighting the influence of hereditary variables on DN. Family clustering further
supports the crucial part that inherited variables play in DN and ESRD. In order to
find susceptibility genes in various diabetic cohorts, numerous genetic investigations
have been conducted. It has only recently been discovered that DN and ESRD have
extensive susceptibility genes.
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