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Abstract

ↆ

Background: Diabetic Nephropathy (DN) is one of the complications in patients with
prolonged diabetes. Among the genetic risk factors for DN, TNF-α, an anti-inflammatory
cytokine is proposed to act in a paracrine/autocrine manner and is hypothesized to be
associated with insulin resistance. In the current study, the relationship of the G C
variant of the TNF-α gene in patients, associated with other biochemical parameters
with DN was investigated.
Methods: Demographic factors of the study group were obtained by directly interviewing
the study group. Biochemical and diagnostic parameters of the study subjects, plasma
glucose levels (fasting and postprandial), renal function tests (Urea, creatinine) were
obtained from the patient’s records. Genomic DNA was extracted from peripheral blood
samples of 50 type II Diabetes Mellitus (T2DM) and 50 non-diabetic control subjects.
The TNF-α (G C) polymorphism was analysed using polymerase chain reaction (PCR),
followed by restriction fragment length (RFLP) polymorphism analysis.
Results: Using statistical analysis we could correlate demographic parameters with
genotyping results, and we found that 50% patients were GG homozygotes (wild type),
30% were GC heterozygotes, and 20% were CC homozygotes. This suggests that lowgrade inflammation could be one of the determinants in the pathogenesis of insulin
resistance and T2DM.
Conclusion: We conclude from this preliminary study that TNF-α G C genotypes may
be useful biomarker for the early diagnosis of T2DM patients with insulin resistance and
nephropathy.
ↆ

*Corresponding author:
Kaiser Jamil
Head of Genetics Department
Bhagwan Mahavir Medical Research Centre
10-1-1, Mahavir Marg, Masab Tank
Hyderabad, Telangana
India
E-mail: kj.bmmrc@gmail.com

ↆ

Article Info

Keywords: Diabetes mellitus; TNF-α; Snps; Diabetic nephropathy; Chronic kidney
disease; End stage renal disease; Biomarkers; Insulin resistance.

Introduction

The International Diabetes Federation (IDF) estimates the total number of people in
India with diabetes to be around 50.8 million in 2010, rising to 87.0 million by 2030.
Diabetes mellitus (DM) commonly referred as diabetes is a metabolic disorder in which
the blood sugar levels are elevated because the body does not produce enough insulin
that can metabolise the blood sugar [1,2]. However there could be other reasons for
diabetic conditions, such as insulin resistance or autoimmunity. Years of poorly managed
DM can lead to multiple medical irregularities that can affect small vessels (microvascular),
large vessels (macrovascular) or both [3] including nephropathy, retinopathy, neuropathy,
angina pectoris, and peripheral arterial disease. Nephropathy disorder is most commonly
observed in patients with prolonged diabetes even though the other microvascular
diseases due to diabetes are also observed. Although the commonness of nephropathy
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leaps up with chronic diabetes, it levels out at ~15 years after
diagnosis [4].
Diabetic nephropathy is due to longstanding diabetes
mellitus, and is a prime reason for patients to undergo dialysis
in many developed countries. It is classified as a small blood
vessel (microvascular) complication of diabetes. Diabetic
nephropathy (or diabetic kidney disease is a progressive
kidney disease caused by damage to the capillaries in the
kidneys’ glomeruli. It is characterized by nephrotic syndrome
and diffuses across the glomeruli. Diabetic nephropathy
occurs in both, type 1 (formerly called insulin-dependent or
juvenile onset) and type 2 (formerly called non-insulindependent or adult onset) diabetes mellitus.

A majority of the cases of diabetic nephropathy presents
with proteinuria, which progressively gets worse as the
disease progresses, and is almost uniformly associated with
hypertension. It is also one of the most significant long-term
complications in terms of morbidity and mortality for
individual patients with diabetes. Clinically, diabetic
nephropathy is expected to become the most frequent cause
of End Stage Renal Disease (ESRD) [5,6]. Progressive increase
in proteinuria and decline in Glomerular Filtration Rate (GFR),
hypertension, risk of high cardiovascular morbidity and
mortality are the clinical characteristics of Diabetic
Nephropathy [7]. Early diagnosis and early treatment using
nephroprotective therapy have the potential to prevent the
progression of Diabetic Kidney Disease (DKD) towards end
stage renal disease and to improve patient’s prognosis [8-10].

Cytokines are signalling molecules that mediate
endocrine, paracrine and autocrine signalling functions and
regulate the maturation, growth and responsiveness of cell
populations. They are important in the host responses to
infection, inflammation, trauma, cancer, reproduction etc, and
play an important role in health and disease. Indeed, greater
amounts of TNF-α are found to be induced from the
glomerular basement membranes and renal cells [11,12].
Higher levels of TNF-α are found in the urine and serum of
DN patients than in diabetes patients with no nephropathy,
which is mainly produced by monocytes, macrophages and
T-cells and is a pleotropic inflammatory cytokine. Other
inflammatory mediators are the activators of second
messenger system, transcription factors, synthesis of other
cytokines, growth factors, receptors, cell adhesion molecules
and also enzymes involved in the synthesis of other
inflammatory mediators [11,13]. A variety of effects on
different renal structure are induced by TNF-α, which may act
in a paracrine or autocrine manner and ironically is capable of
getting synthesized by renal cells. Moreover TNF-α has a
direct effect on protein permeability barrier of the glomeruli
independent of the effects of recruited inflammatory cells.
These findings suggest that the inflammatory cytokines may
participate in the pathogenesis of DN and can be predictive
biomarkers. Hence, such studies, that show a strong
association between cytokine gene promoter polymorphisms
and modulation of transcript levels with susceptibility to
nephropathy in diabetes subjects [14,15] was the subject of
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our investigation.

Recent studies show that there are elevated levels of
inflammatory molecules in the plasma of diabetic patients and
the concentration of these molecules increases as diabetic
condition progresses [16,17]. The accumulation of inflammatory
cell in the kidney is closely associated with DN [18,19]. Inhibition
of recruitment of inflammatory cell into the kidney has been
shown to be protective in some experimental DN [20]. However,
not much information is available on effective measures to
prevent the progression of DN. Even though there are strategies
based on stringent control of modifiable risks like hypertension,
dyslipidaemia and glucose levels; the ultimate progression of
DN cannot always be prevented. Therefore, the identification
of therapies through the gene involved in the progression of
DN will help us control the risk factors [21].
Uncovering the genetic changes in diabetes may be
important in defining the functional role of specific genetic
alterations for developing potential biomarkers. Genetic causes
and mechanisms of type 2 diabetes is largely unknown.
However, it is understood that single nucleotide polymorphisms
(SNP) in identified genes are one of many mechanisms that
lead to increased risk for type 2 diabetes. Since diabetic
nephropathy is the most common complication of DM and is
categorized as the end stage disease, we tried to focus on this
group with an aim to investigate the inflammatory marker that
is involved in the pathogenesis of diabetic nephropathy. This
helps in identifying the genetic variants that correlates with
phenotypic abnormalities. Further the objectives of the study
included, determination of the risk factors that include physical
activities, BMI, obesity and demographics of the patients in
order to understand their aetiology.
Information on genetic causes and mechanisms of type 2
diabetes is lacking. Hence our aim was to investigate the
inflammatory markers that are involved in the pathogenesis
of diabetic nephropathy and could serve as predictive or
diagnostic biomarker. These markers can lead us to the drug
discovery process, to save thousands of DN patients.

Materials and Methods

Patients and ethics committee approval

This case control study was conducted from July 2017 till
July 2018 at Bhagwan Mahavir Medical Research Centre,
Hyderabad, India, which is a tertiary public hospital. Ethics
Committee approval was obtained from the Hospital’s review
board following Helsinki’s declaration. Signed informed
consents were obtained from patients before collecting data
and blood samples (1-2 ml/subject). Controls comprised of
healthy, non-smoking and non-alcoholic subjects with no
past/current medical history of any serious health condition.
Patients included dialysis subjects who attended the Dialysis
centre at the hospital. Demographic parameters were
collected in a structured questionnaire and lipid profile and
other biochemical parameters were obtained from patients’
records. Diabetic nephropathy was characterized by the
following criteria: persistent albuminuria (>300 mg/d or >200
µg/min) that is confirmed on at least 2 occasions 6-12 months
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apart, progressive decline in the glomerular filtration rate
(GFR), and elevated arterial blood pressure.
Genomic studies

DNA was extracted from whole blood samples collected
from the patients in EDTA vacutainers, through the salting out
procedure [22] and checked for its purity by nanodrop method.
The extracted DNA was preserved in TE buffer at -20°C till
further use. A polymerase chain reaction (PCR) was performed
using the primers of TNF--α: forward-5’AGG CAA TAG GTT TTG
AGG GCC AT-3’ and reverse-5’GAG CGT CTG GCTG GG TG-3’.
The PCR amplification included denaturation at 94°C for 12
mins and 94°C for 30 sec followed by annealing at 59°C for 1
min, extension at 72°C for 2 mins, 35 cycles of amplification and
final extension at 72°C for 10 mins. A Restriction Fragment
Length Polymorphism (RFLP) procedure was conducted on the
amplified products to identify SNPs using NocI restriction
enzyme. The RFLP mix contained 0.5 µl of enzyme, 2 µl of
buffer, 18 µl of PCR product, and 10 µl of water. The samples
were first incubated at 37°C for 16 hrs for enzyme digestion,
then the enzyme was deactivated by further incubation at 65°C
for 20 min. The digested fragments were visualized and
identified on 3% gel.

few that includes 12 female and 9 males whose blood urea
readings were more than the normal as depicted in the
mentioned figure. Most of the patients (80%) in the hospital
were not physically active and these patients had much longer
inpatient stay when compared to the subject patients who
were involved in regular physical exercise.

BMI 25+5.1		

29+2.2		

<0.001

Figure 1. Age distribution of the study group.

Demographic and biochemical parameters

Patients demographic parameters were collected in a
structured questionnaire and lipid profile and other biochemical
parameters were obtained from patients’ records which were
useful for co-relational studies and for inclusion or exclusion
criteria.

Results

A total of 100 subjects consisting of 50 patients and 50
controls were included in the study. There was equal
distribution of male and female subjects in each group (viz.,
25 males and 25 females in each group). About 6 male and 4
female DN patients were in age range of 41-50, 10 males and
11 females were in age range 51-60, 6 males and 6 females in
age range 61-70 and 3 males and 4 females in age range 7180 as depicted in figure 1. Approximately 22 males and 21
females had type 2 DM and 3 males and 4 females had type 1
DM. The commonly observed symptoms among the patients
along with albumin and serum readings are presented in
figures 2 and 3, respectively. The most common symptom in
both the genders was dry mouth (viz., 18 males and 17
females). Symptoms like vomiting, swollen limbs were
observed only in females and intense hunger in males from
the study group. Other symptoms observed are decreased
appetite in 8 males and 8 females, night sweats in 3 males and
3 females, frequent urination in 15 females and 5 males,
increased thirst in 10 males and 5 females, weakness in 10
males and 3 females from the study group. Albumin readings
were high in most of the patients and serum creatinine was
under and above the reference range among the studied
subjects. The variations in glucose and blood urea readings of
the patients are presented in figures 4 and 5. Most of the
patients have glucose readings higher than the normal. Blood
urea readings were normal in most of the patients except a
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Figure 2. Commonly observed symptoms among patients.

The figure 2 shows that one individual has 2-3 commonly
observed symptoms. Hence the numbers presented in the
above graph indicates the multiple kinds of symptoms which
an individual can have.

Figure 3. Showing albumin and serum readings in patients.

Normal reference range of diagnostic parameters
ALBUMIN=0-8 mg/dl (+ indicates High Albumin, ++ indicates
Higher Albumin and +++ indicates much Higher Albumin
levels than the normal range)
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•

SERUM CREATINE=0.7-1.4 mg/dl

•

BLOOD PRESSURE=120/80 mmHg.

•
•

GLUCOSE=70-110 mg/dl

BLOOD UREA=15-45 mg/dl

The Blood pressure readings among all the subjects were in
normal range while other diagnostic parameters varied.

Figure 4.

Glucose reading of patients.

Figure 5. Blood urea reading of patients.

Almost all the patients regardless of gender had high albumin
and creatinine in their urine and serum respectively.

Discussion

In 2014, Gheith et al. had highlighted the prevalence of
DN in different countries [23]. Caucasian patients with type 1
DM were more progressive to kidney disease than the patients
with type 2 DM. In Pima Indians the occurrence of DN was
very interesting. It was reported that around 50% of Pima
Indians with type 2 DM developed nephropathy after 20 years
of the disease, and 15% of them were already in the terminal
stages of kidney failure. In late 1990s the occurrence of DN in
patients beginning kidney replacement doubled in the United
States but the trend had been decreasing due to better
prevention and treatment in the earlier diagnosis stages.
Approximately 44% of the new patients entering dialysis in
the United States were diabetics. Epidemiological differences
were recorded among European countries, mainly Germany.
Renal replacement proportion therapy was higher in these
countries than what was reported in the United States. In
Heidelberg, nearly 60% of the patients admitted for renal
replacement were diabetics in 1995. Even in the countries that
are known to have a lower incidence of type 2 DM such as
Madridge J Case Rep Stud.
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Denmark and Australia there was an increase in ESKD. DN
affects males and females equally, the role of the age in the
development of the disease is still unclear although the mean
age of the patients who reaches ESKD is about 60 years and
the DKD was higher among elderly persons who have type 2
diabetes for a longer time. In Pima Indians earlier the onset of
diabetes, the higher is the risk of progression of ESKD. The
severity incidence of DN was 3 to 6-fold higher in blacks than
in whites. Similarly, the commonness of DN was more in
Mexican Americans and Pima Indians. This suggests that the
socioeconomic factors such as diet, poor control of
hyperglycaemia, hypertension and obesity have a primary
role in the development of DN. The prevalence of any type of
CKD was more in the people of Asian origin as reported in
some studies. Six Arabic-speaking countries like Kuwait,
Lebanon, Qatar, Saudi-Arabia, Bahrain and the United Arab
Emirates (U.A.E), were among the top countries in terms of
the prevalence of type 2 DM. Cross sectional study in Egypt
had shown that 42% of the diabetics had nephropathy. In
Jordan 33% of the diabetics at the national diabetes centre
had nephropathy and in Libya, 25% of the patients had
nephropathy.

King GL showed in his article [13], that the inflammatory
processes were implicated in the onset of diabetes and the
progression of the complication. Through the activation of
NF-κB pathway the development of insulin resistance in type
2 diabetes was found to be associated with the release of
inflammatory cytokines and other mediators from adipose
cells. Obesity, a high fat diet, hyperglycaemia, PKC activation
and oxidative stress were the other factors that activate the
NF-κB pathway with the development of insulin resistance.
Hyperglycaemia is the major risk factor for the development
of micro-vascular diabetic irregularities such as retinopathy,
neuropathy and nephropathy.

Hasegawa et al. [24] hypothesized the pathogenic role of
TNF-α in the progression of diabetic nephropathy. In this
regard many mechanisms have been proposed by which
TNF-α may induce renal injury directly [25]. Stimulation of
production of endothelin-1 may be carried out by TNF-α that
leads to dysregulation of vascular tone that result in reduced
intra-renal flow of blood and glomerular filtration rate. This
mechanism may also disrupt endothelial intercellular junctions
affecting the integrity of glomerular filtration barrier that
causes an increase in its permeability and albuminuria. TNF-α
may also have cytotoxic direct effects on glomerular
podocytes and tubular cells inducing apoptosis and cell
death. This might also alternatively cause the activation of
protein kinase/phospatidylinositol-3 kinase pathway or
activation of NADPH oxidase culminating into the generation
of ROS and consequential cellular damage. With regards to
the glomerular podocytes, it may reduce the expression of
nephrin via activation of PI3K/Akt pathway and reduces Act
activity in diabetes resulting in reduced cell survival. These
effect of TNF-α support its role as an inducer as well as driver
of renal injury by regulating the expression of other
downstream cytokines.
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Despite of huge literature about the pathogenetic role of
inflammatory cytokines in the pathogenesis of DN, it was
needed to determine whether TNF-α was suitable target or
biomarker for therapeutic intervention to control the
progression of DN. Relationship between elevated serum and
urinary levels of TNF-α have been reported in many studies
along with abnormal urinary protein excretion and reduces
GFR. In patients with diabetic nephropathy and murine
models of experimental diabetes, the expression of TNF-α
was found to be increased. Furthermore, higher levels of
circulating TNF-α concentration was associated with the loss
of renal function [26].
Therefore, studies on the factors that are involved in the
progression of the disease is vital as it helps us in finding out
the targets that could help us prevent the development of
disease. Diabetic nephropathy is considered as inflammatory
disease and several reports have demonstrated the association
of diabetic nephropathy with inflammasome activation [27].

The control of inflammatory processes may be useful in
the therapy of diabetic nephropathy. As there is limited
experience available for the inhibition of inflammatory
cytokines in DN; it is beneficial collecting and mounting
evidence for the properties of inflammatory genes.
Our research involved the study of TNF-α which is one of
the inflammatory cytokines. This is the first study that is done
in Indian population so far and the results observed are vital
and mounts evidence about the involvement of this
inflammatory gene in the progression of DN.

Conclusion
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