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ABSTRACT
Background: Diabetes mellitus (DM) is the world’s most common cause of chronic kidney 
diseases (CKD), with approximately 1 in 4 adults with DM having CKD and 1 out of 10 to 
20% of DM patients die from CKD. Objective: The current study aims to investigate the 
correlation between Notch-2 and Jag-1expressions and specific inflammation biomarkers 
IL-1β and IL-6 with different stages of diabetic nephropathy. Methods: From August 2018 
to January 2019, three hundred subjects were recruited for this study. One hundred and 
fifty subjects were healthy and age-matched to the diabetic group and selected as a con-
trol group. Another 150 patients with an established diagnosis of type 2 diabetes (T2DM) 
according to the criteria of the American Diabetes Association (ADA) were also recruited. 
Blood specimens were eventually used to identify the expressions Notch-2 and Jagged-1 
and the levels of inflammatory biomarkers IL-1β and IL-6. Result: The current study shows 
a significant increase in gene expression and inflammatory biomarkers in patients with 
moderate and severe diabetic nephropathy compared to the control group. However, there 
was no significant difference between healthy control and mild diabetic nephropathy pa-
tients. This study shows a close association between the increase in the levels of inflam-
matory biomarkers IL-1β and IL-6 as well as the gene expressions levels of both Notch-2 
and Jag-1 with human diabetic nephropathy. Conclusion: According to our findings, we 
emphasize the use of Notch-2 and Jag-1 expressions and IL-1β and IL-6 levels as potential 
biomarkers for different stages of diabetic nephropathy.
Keywords: Notch-2, Jag-1, IL-1β, IL-6; T2DM, diabetic nephropathy.

1. BACKGROUND
Diabetes mellitus (DM ) is a chronic metabolic disease that occurs either 

when pancreatic beta cells are unable to make an appropriate amount of in-
sulin or when the body is unable to make effective use of insulin, leading 
to glucose accumulation in the blood (1). Diabetic nephropathy (dNP) is a 
severe progressive renal microvascular complication of DM and may occur 
in type 1 and type 2 DM. DNP may lead to chronic renal failure, eventually 
requiring dialysis or renal transplantation. In the developed world, DM is 
the leading cause of adult renal failure (2). The first stage of dNP involves 
the hypertrophic and hyperfiltration characteristics of the kidneys. At this 
stage, the glomerular filtration rate shows normal or slightly elevated levels. 
The first phase may last for about five years from the onset of the disease. 
The size of the kidneys shows an increase of almost 20%, and the renal plas-
ma flow increases by 10-15 percent without albuminuria or hypertension 
(3). Some morphological alterations, such as thickening of the glomerular 
basement membrane (GBM), glomerular hypertrophy, and tubulointerstitial 
expansion, are identified in the second or silent stage (4). The second stage 
starts approximately two years after the onset of the disease. Importantly, no 
clinical signs of disease present during the second stage; also, the glomeru-
lar filtration rate may also return to typical values. However, many patients 
remain at this stage until the end of their lives. In the third stage, which is 
also referred to as initial nephropathy, early clinical evidence of nephropa-
thy appears to be low but abnormal levels (≥ 30 mg/day) of albumin in the 
urine, referred to as albuminuria. The conventional laboratory assessment 
of renal malfunction can not be carried out quickly in the third stage. More 
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sensitive methods must, therefore, be proposed and 
evaluated. In addition, blood pressure increases in the 
third stage, although it remains within the normal range, 
and the glomerular filtration rate ( GFR) may begin to 
decrease (5). When the fourth stage reaches the stage 
of chronic kidney disease (CKD) with irreversible pro-
teinuria (> 30 mg / day), GFR decreased below 60 ml/
min/1.73 𝑚2. In the end-stage renal disease, the kidneys 
are no longer able to function appropriately in response 
to daily life needs. End Stage Renal Failure (ESRD) is one 
of the most serious and life-threatening forms of kidney 
disease and has high costs associated with it (6). End-
stage renal disease is the terminal stage of chronic renal 
failure, with progressive, irreversible renal damage and 
declining renal function. The human body is, therefore, 
unable to maintain the balance of fluids and electrolytes, 
which leads to uremia and reduced GFR. Histological 
staining at histopathological level shows that less than 
10% of nephron function remains (7). Globally, there is 
a continuous rise in the percentage and prevalence of 
chronic kidney diseases (CKD). Some CKD patients will 
experience disease progression resulting in end-stage 
renal disease, which requires lifelong renal replacement 
therapy (RRT) or transplantation (8). 

Genetic factors are crucial elements in the etiology 
and progression of type 2 diabetes, as shown by marked 
changes between diabetic and non-diabetic individuals 
in different ethnic groups and by studies in monozy-
gotic twins where concordance rate for type 2 diabetes 
approach 100% (9). Insulin resistance, as illustrated by 
reduced glucose utilization in the muscle tissue, is com-
mon among people who have type 2 diabetes despite 
some inherited impaired insulin secretion or action (10). 
In 2005, a cancer-oriented study identified and suggest-
ed a strong association between the survival rate and the 
levels of JAG-1 expression (11, 12). Moreover, cytokines 
play a vital role in inflammatory diseases such as diabe-
tes and are connected to JAG-1 and Notch expression 
and signaling pathways (13, 14). IL-1β is known to be 
secreted by damaged cells and inflamed tissues; factors 
released by damaged cells called Damaged Associated 
Molecular Patterns (DAMPs) are recognized by PRRs 
TLR,which in turn induce the production of IL-1β (Kim 
et al., 2020; Maedler et al., 2002). 

Adhesion molecules and pancreatic B-cell destruction 
are promoted by IL-1β secretion (15). Anotherimport-
ant inflammatory cytokine produced in tissue damage 
and diabetes is IL-6;the role of IL-6 in diabetes is illus-
trated through its ability to enhance proliferation, over-
expression, and vascular permeability,which lead to the 
progression of DM, althoughserum IL-6 levels have been 
showing to be increased in patients with type 2 DM (16). 
On the other hand, IL-6 is a pro-inflammatory cytokine, 
a 26 kDain size protein.Fibroblasts, monocytes, endo-
thelial cells, B cells, and T cells are capable of producing 
and secreting IL-6. Also, IL-6 affects the function of a 
broad spectrum of cell types involving differentiation of 
B cells and enhanced antibody production (17, 18). 

This study investigates the correlation between 
Notch-2 and Jag-1expressions and certain inflammation 

biomarkers IL-1β and IL-6 with different stages of dia-
betic nephropathy.

2. OBJECTIVE
This study estimated potential biomarkers such as IL-

1β and IL-6 as well as the gene expressions levels of both 
Notch-2 and Jag-1 for human diabetic nephropathy.

3. MATERIALS AND METHODS
Patients and sample collection
The current study was carried out at the Centre for Re-

searches and Treatment of Diabetic Mellitus in AL-Sad-
er Teaching Hospital and the practical place at the De-
partment of Medical Microbiology College of Medicine, 
the University of Al-Kufa in Iraq, three hundred individ-
uals were recruited and analyzed. All subjects were di-
vided into two major groups: diabetic nephropathy and 
control groups.

Patients group
One hundred fifty patients were collected from the 

Centre for Researches and Treatment of Diabetic Melli-
tus in AL-Sader Teaching Hospital and the suitable place 
at the Department of Medical Microbiology College of 
Medicine, the University of Al-Kufa in Iraq. Male and 
female patients with established T2DM, according to 
the American Diabetes Association (ADA) were partic-
ipated in this study. Age ranged between (23-70) years, 
with T2DM duration between 1-42 years. The patients 
were divided into three groups based on their creati-
nine/albumin ratio (ACR),as follow: 50 diabetic patients 
with stage A1 (normal to mild ACR < 3 mg/mmol), 50 
patients with stage A2 (moderate ACR 3-30 mg/mmol) 
and 50 patients with stage A3 (severe ACR > 30 mg/
mmol) [19].

Control group
One hundred fifty non-diabetic control subjects 

(males and females) have been recruited in this study. 
All of the controlsubjects were free of DM and dNP as 
they were evaluated for diabetes and diabetic nephrop-
athy as follows; fasting blood sugar (FBS) value< 100 
mg/dl, level of glycated hemoglobin A1c(HbA1c) ≤ 5.8 
%, and ACR < 3 mg/mmol, Participants’ age ranged be-
tween 28-66 years.

Collecting blood samples
Five ml of blood were collected according to each sub-

ject’s standard aseptic technique by puncturing the an-
ti-cubital vein. The blood specimens were collected in 
ethylene diamine tetra-acetic acid (EDTA) tubes, then 
immediately used for Glycated hemoglobin A1 (HbA1) 
evaluation and RNA extraction.

Quantitative colorimetric determination of glyco-
hemoglobin (HbA1) in the whole blood

HbA1 was quantified as instructed by the manufac-
turer (Glycohemoglobin HbA1 Fast Ion-Exchange Res-
in Separation Method, Human). Shortly, whole blood is 
mixed with a lysing reagent containing detergents and 
borate ions. The hemolysate is then diluted with a slight-
ly binding exchange resin for 5 minutes. HbA0 (non 
glycatedHbA) binds to the resin during this time. The 
supernatant fluid containing the HbA1 (glycated HbA) 
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is removed by a special resin separator. The HbA1c % 
of total hemoglobin was performed by estimating the 
absorbance of the glycohemoglobin and the total hemo-
globin portion at 415 nm compared to standard glycohe-
moglobin carried through the test procedure.

Total RNA extraction
The TRIzol® reagent kit (Promega,USA) was used to 

extract the total RNA according to its instructions. The 
total RNA’s quality was ensured on an agarose gel and by 
analyses of the A260/280 ratio.The reverse transcription 
reaction was conducted using 1 μg of total RNA. cDNA 
was amplified using specific primers as published before 
[20], the primers’ sequence is summarized in Table1.

ELISA for Evaluation of Serum IL-6 and IL-1β 
Levels

The blood concentrations of human IL-6 and IL-
1β were achieved using the company’s ELISA tech-
nique (Elabsciencechina). This ELISA kit uses the 
method Sandwich. The optical density (OD) with a 
wavelength of 450 nm ± 2 nm can be measured by 
spectrophotometry. The OD value is proportion-
al to the human serum IL-6, IL-1β concentration. 
The concentration of the samples can be deter-
mined by comparing the OD of the samples with 
the standard curve.

GoTaq® 1-Step RT-qPCR System
The expression analysis of Notch-2 and Jagged-1 

was quantified using stem-1 RT-qPCR, which was 
further normalized with mRNA housekeeping genes. 
The procedure was performed based on a previously de-
scribed method (21).

Data qRT-PCR analysis
qRT-PCR rawdata for the housekeeping gene, Notch-2 

and Jagged-1, were examined with the assistance of rel-
ative quantification levels of expression gene. ∆CT pro-
cedure was performed while utilizing the reference, as 
previously described(Livak and Schmittgen 2001). The 
gene quantification depends on thefollowing equation: 
ratio (reference/target) = 2CT(reference) – CT(target).

Ethical Statement
All participants gave their written informed consent 

and received instructions for the blood collection pro-
cedure and possible risks. The study was conducted fol-
lowing the Declaration of Helsinki. The Ethical Commit-
tee approved the study of Clinical studies at the Faculty 
of Medicine-University of Kufa (IRB no. MC. 08).

Statistical Analysis
Statistical analysis was conducted by GraphPad Prism 

version 7.0 (GraphPad Software, Inc., La Jolla, Califor-
nia, USA).Data were presented as mean±SEM. Two-
tailed Student t-tests were used to compare differences 
between the two groups. 

The values were considered significantly different 
when the P-value at  P < 0.05, *, **, ***,**** = P < 0.05, P < 0
.01, P < 0.001, and P < 0.0001, respectively

4. RESULTS
Demographic data, clinical and biochemical char-

acteristics of studied individuals
Biochemical parameters creatinineand urea are sig-

nificantly higher (p<0.05) in the diabetic patient group 
(2.3±0.40 mg/dl and 77.09±21.19 mg/dl, respective-
ly) compared to healthy control (0.79±0.16mg/dl and 
22.7±6.75 mg/dl, respectively), high concentration of 
creatinine and urea were resulting from diminishing of 
glomerular filtration rate in the diabetic group. Also, 
the results of the study showed a statistically signif-
icant increase (p<0.05) in the level of HbA1c and FBS 
(8.03±0.81% and 191.3±31.52mg/dl, respectively) in the 
diabetic group compared to the control group (5.2±0.35 
% and 97.4±11.26mg/dl) (Table 2).

The values were considered significantly different 
when the P-value at P < 0.05. *, **, ***, **** = P < 0.05, 
P < 0.01, P < 0.001, and P < 0.0001, respectively.

Serum IL-1β level between control and diabetic ne-
phropathy patients

In this study, we estimated the IL-1β level in both con-
trol and diabetic patient group; our result shows that the 
level of IL-1β is significantly higher in the control group 
(0.7±0.35pg/ml, p< 0.01) compared to the diabetic pa-
tient group (19.8±3.58pg/ml), as shown in Figure1.

Serum IL-1β level in control with different diabetic 
patient groups

Our study showed that there is a significant difference 
between the three patients group. The concentration of 
IL-1β was highly elevated in patients with moderate and 
severe diabetic nephropathy compared to the control 
group. However, and there is no significant difference 
between a patient with mild diabetic nephropathy and 
the control group, as shown in Figure 2. those findings 

Primers Primer sequence 5’ – 3’
Product 
size (base 
pair)

House-keep-
ing gene

F
R

 CAGCTCGTGTCGTGAGATGT
CGTAAGGGCCATGATGACTT 150 bp

Notch-2
F  GCAGGTAGCTCAGACCATTCT

301 bp
R  ATCTCCAGCATTACTACCGAG

Jagged-1
F  CGACCGTAATCGCATCGTAC

246 bp
R  ATGCACTTGTCGCAGTACAG

Table 1. Sequences of primers that use for geneexpression

Parameter Control 
(n=150)

Patients 
(n=150) P-value P-value 

summary
Age/years 44.72± 5.24 48.14±7.93 P > 0.05 ns
Gender
Male
Female

48%
52%

48%
52% P > 0.05 ns

FBS mg/dl 97.4±11.26 191.3±31.52 P < 0.05 *
HbA1C % 5.2±0.35 8.03±0.81 P < 0.05 *

Creatinine mg/dl 0.79±0.16 2.3±0.40 P < 0.05 *

Urea mg/dl 22.7±6.75 77.09±21.19 P < 0.05 *

Table 2. Comparison of demographic data, clinical and biochemical 
characteristics of studied individuals
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agreed with the study performed by Wada and Makino 
(22).

Interleukin-6 (IL-6) levels among diabetic and con-
trol group

The level of IL-6 in diabetic patients (13.4 ± 1.59 pg/
ml) was significantly higher (p< 0.0001) compared to the 
control group (2.9 ±1.44 pg/ml), as shown in Figure 3. 
These results have shown an increased inflammatory 
status in diabetic nephropathy patients.

Serum IL-6 level in control with different diabetic 
patient groups

The concentration of IL-6 was highly elevated in patient 
with moderate and severe diabetic nephropathy groups 
compared to the control group. 

However, there is no significant difference between a 
patient with mild diabetic nephropathy and the control 
group, as shown in Figure 4. those findings agreed with 
the study performed by Flynn et al. (23).

Notch-2 and Jag-1 gene expressions in diabetic pa-
tients and control groups

Gene expression of the notch-2 and Jagged-1 revealed 
a statistically significant increase (p < 0.0001) in the di-
abetic patient compared to the control group. In which, 
diabetic patient group showed Notch-2 (15.3±4.10) and 
Jagged-1 (27.3±3.52), compared to Notch-2 (1.4±1.15) 
and Jag-1 (1.3±0.98) in the control group, as shown in 
Figure 5.

Notch-2 and Jag-1 gene in control with different di-
abetic patient groups

The current study shows that there is a significant in-
crease in gene expression in moderate and severe dia-
betic nephropathy patients as compared to mild diabetic 
nephropathy. The gene expression of Jag-1in moderate 
was 15.7±4.04, sever 54.2±4.04 and in mild 0.92±4.04 
While Notch-2 expression shows 25.7±6.35 in moder-
ate dNP, 50.2±6.35 in severe and0.9±6.58 in mild dNP 
patients. The difference was statistically significant be-
tween moderate and severe diabetic nephropathy pa-
tients, as shown in Figure 6. These findings are consis-
tent with a previous study published by others (24).
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Figure 1. Comparison of serum IL-1β level between control 
and diabetic Patient group.. The values were considered 
significantly different when the P-value at P < 0.05. *, **, ***, 
**** = P < 0.05, P < 0.01, P < 0.001, and P < 0.0001, respectively
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Figure 2. Comparison of serum IL-1β level in control with 
different diabetic Patient groups. The values were considered 
significantly different when the P-value at  P < 0.05. *, **, 
***,**** = P < 0.05, P < 0.01, P < 0.001, and P < 0.0001, 
respectively
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Figure 4. Comparison of serum IL-6 level in control with 
different diabetic nephropathy Patients. The values were 
considered significantly different when the P-value at  P < 0.05. 
*, **, ***,**** = P < 0.05, P < 0.01, P < 0.001, and P < 0.0001, 
respectively
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Figure 3. Comparison of serum IL-6 level between control 
and diabeticnephropathy Patients Group. The values were 
considered significantly different when the P-value at  P < 0.05. 
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5. DISCUSSION
In recent decades the global prevalence of diabetes 

mellitus (DM) in adults has increased significantly. In 
the 7th edition of the Diabetes mellitus (DM) Atlas, pub-
lished in 2015, 415 million DM adults worldwide were 
reported, and by 2045 an estimated 693 million people 
are expected to live with DM (25). Failure to properly 
control high glucose levels leads to severe micro-and 
macrovascular complications. Cardiovascular disease 
(CVD) with a propensity to heart attacks and strokes 
are characteristic of macrovascular complications. Neu-
ropathy, retinopathy, and diabetic nephropathy (DN) are 
among the microvascular complications. Diabetes mel-
litus is the world’s most common cause of CKD, with 
approximately 1 in 4 adults with DM having CKD (26), 
and 1 out of 10 to 20% of DM patients die from CKD. 
This study estimated potential biomarkers such as IL-1β 
and IL-6 and the gene expression levels of both Notch-2 
and Jag-1 for human diabetic nephropathy. The high 
concentration of creatinine and urea in our diabetic pa-
tient group resulted from the diminishing of glomerular 
filtration rate in the diabetic group. Also, the high level 
of both HbA1c and FBS in the diabetic group compared 
to the control group in our study was shown in many 
previous studies (27, 28). Hasegawa et al. al. (29) stated 
that inflammatory cytokine could play a role in diabet-
ic nephropathy when he noticed that TNF- α and IL-1 
found in glomerular basement membranes was high 

when compared between diabetic and non-diabetic rats. 
Also, it has been noticed that the glomerular basement 
membranes of diabetic rates contained a significantly 
increased amount of TNF- α and IL-1 when compared 
with non-diabetic rats (29, 30). A study by Mojtaba et al. 
(31) found that serum level of IL1 beta increase signifi-
cantly in patients with type 2 diabetes compared to the 
non-diabetic patients. 

Accumulating evidence indicates that metabolic syn-
drome diseases are characterized by abnormal cytokine 
production, including elevated serum IL-1β levels, in-
creased acute-phase proteins, e.g., CRP and activation 
of inflammatory signaling pathways (32, 33). Niknami 
et al. (34) reported a high IL-1β concentration in dia-
betic patients with nephropathy (15.95 pg/ml), anoth-
er study lead by Flynn MG. (16) found that the con-
centration of IL-1β in hemodialysis patients (9.63 pg/
ml) is significantly higher than other stages of chronic 
kidney disease. Maedler et al. (35) recorded that high 
glucose-induced IL-1β production and secretion in hu-
man β cells leads to β cell apoptosis and dysfunction. He 
also observed that IL-1β–producing β cells in diabetic 
patients- studied the pathway by which hyperglycemia 
causes impairment and loss of insulin-producing cells. 
In addition his theory proposed that the proinflammato-
ry cytokine IL-1β may be a crucial factor contributing to 
β cell glucotoxicity in the pathogenesis of type 2 diabe-
tes. On the other hand, his results disagree with a study 
by Tripepi et al. (36), who found that the level of IL-1β in 
ESRD was at normal range (0.39 pg/ml), also results by 
Spranger et al. (37) recorded that there were no signifi-
cant differences in serum IL-1β concentration between 
diabetic and non-diabetic patients. The result regarding 
IL-6 agrees with a study by George et al. (38), which re-
ported a significant increase in IL-6 concentration than 
non-diabetic patients.Earlier studies found that circu-
lating IL-6 levels in diabetic nephropathy patients were 
significantly higher than control groups (39-41). Bastard 
et al. (11) found that the circulating IL-6 level is high-
ly correlated with insulin resistance observed in type 2 
diabetes and inhibited glucose uptake. Another study 
found that IL-6 impairs the insulin signaling pathway in 
hepatocytes (42). Diabetes and hyperglycemia create a 
pro-inflammatory microenvironment that progresses to 
microvascular complications such as nephropathy, ret-
inopathy, and neuropathy. A recent study investigated 
the role of IL-6 in the inflammatory process and insulin 
resistance pathogenesis among type 2 diabetes mellitus 
patients Senthilkumar et al. (18). based on IL-6 data 
suggested important role played by inflammatory .A re-
view by Akbari and Hassan-Zadeh in 2018 was aimed 
to summarize their current knowledge about the role of 
IL-6 in the development of T2DM. They also discussed 
the importance of specifically blocked IL-6 trans-signal-
ing rather than inhibiting both signaling pathways as a 
therapeutic strategy for the treatment of T2DM and its 
associated macrovascular complications. Beberashvili et 
al. performed a study of diabetic nephropathy patients, 
which found that chronic inflammation, as assessed by 
elevated serum IL-6 levels, is correlated with clinical 
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changes and diagnostic markers in patients with ESRD, 
showing IL-6 to be the strongest independent predictor 
of all-cause fatalities.

Our results regarding IL-6 similar to another two 
studies, which reported that the level of IL-6 in pa-
tients with ESRD was higher than its level in the control 
group. Fatima et al. (43) found that the concentration 
of IL6 in hemodialysis patients was significantly higher 
than their concentration in other stages of chronic kid-
ney disease. Interestingly, previously published studies 
have linked the single nucleotide polymorphisms (SNP) 
of the Notch gene with the development of diabetes (44). 
The mechanism of this association is not yet evident in 
human studies. However, experimental studies imply 
that not only are pancreatic β cells affected by the gain 
or loss of the Notch gene (45) and the nephron endow-
ment (46). On the other hand, the genetic deletion of 
the γ-secretase enzyme components (Presenilin 1, 2) or 
pharmacological inhibition of the γ-secretase complex 
is vital for the complete development of meta-nephric 
mesenchyme induced nephron formation. These stud-
ies indicate that the removal of Notch-2 or Jag-1 has a 
significant impact on renal growth and differentiation of 
nephron segments. However, Notch-1 did not affect the 
change in renal development. Experiments using mouse 
models show that Notch is a pathogenic sign in the adult 
glomerulus (47). Notch Intracellular Domain (NICD) 
expression in the mature podocytes causes disturbance, 
glomerulosclerosis, and cell-death, which led to albu-
minuria and gradual renal failure. The latter obstruc-
tion preserves the nephron and podocyte differentiation 
markers’ expression, reduces pathological expression of 
VEGF, and ameliorates diabetes-induced cell-death and 
loss of podocytes. Therefore, it seems to be a highly po-
tential therapeutic approach to suppress reactive Notch 
signaling in patients with diabetic nephropathy (48). On 
the other hand, the expression of notch-1 in podocytes 
causes albuminuria and glomerulosclerosis to develop. 
In another study, diabetic kidney diseases were amelio-
rated in the experimental diabetic nephropathy model 
by genetic deletion or pharmacological inhibition (49). 
In podocytes, Notch signaling interacts with the trans-
forming growth factor (TGF)-pathway. This interaction 
appears to form a positive feedback loop: TGF tran-
scriptionally upregulates Notch ligand Jagged-1 ex-
pression. Furthermore, Notch activation also increases 
TGF-expression. Given the potent pro-fibrotic activity 
of TGF in glomerular disease, this suggests that Notch 
is an important “chef regulator” of glomerulosclerosis 
pathomechanism. Consistent with the current findings, 
a previous study (50) strongly supports the view that 
Notch signaling in podocytes plays a critical role in al-
buminuria development. 

Several other studies have shown that the Notch sig-
naling pathway is also involved in regulating cell prolif-
eration and cell death (51). In which, the expression of 
renal pathways of Jagged-1 / Notch in the mice mediate 
TGF-β1 may increase renal fibrosis. Furthermore, exper-
iments confirmed the expression of Jagged-1, Notch-2, 
and Notch-4 is required to induce TGF-β1-mediated ep-

ithelial-mesenchymal transition (EMT). The activation 
of the Notch pathway was found to have a specific pro-
teinuric renal disease pathogenesis, which was prevalent 
in glomerulosclerosis pathophysiology and tubulointer-
stitial fibrosis (52). It was observed in patients with di-
abetic nephropathy that the expression of Jagged-1 and 
Hes-1 was significantly upregulated in tubulointersti-
tial fibrosis. The studies mentioned before (26-28) sug-
gest that regulation of Notch-1/Jagged-1 signaling and 
TGF-β may play a significant role in diabetic nephropa-
thy progression, which strongly implies the significance 
of Notch in EMT progression of diabetic nephropathy. 
The current study agrees with the previous one, where 
the authors reported that Jagged-1 and Notch-1 expres-
sion are significantly increased in the disease model 
group compared to the healthy group. More interesting-
ly, they significantly reduced upon the treatment with 
gliquidone. They are indicating that gliquidone might 
efficiently block the Notch-activation pathway. Collec-
tively, the findings showed that the pathway of Jagged 
/ Notch is crucial in the induction of renal interstitial 
fibrosis that might be therapeutically targeted to amelio-
rate the progression of diabetic nephropathy.

6. CONCLUSION
This study shows a close association between the in-

crease in the levels of inflammatory biomarkers IL-1β 
and IL-6 and the gene expression levels of both Notch-2 
and Jag-1 to human diabetic nephropathy. We, therefore, 
emphasize the use of Notch-2 and Jag-1 expressions and 
IL-1β and IL-6 levels as potential biomarkers for both 
moderate and severe stages of diabetic nephropathy
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18. Aś habi A, Sadeghi M, Arab A, Hajianfar H. The association 

between omentin and diabetes: a systematic review and me-
ta-analysis of observational studies. Diabetes Metab Syndr 
Obes. 2019; 12: 1277-1286. doi: 10.2147/DMSO.S206981.

19. McTaggart MP, Price CP, Pinnock RG, Stevens PE, Newall RG, 
Lamb EJ. The diagnostic accuracy of a urine albumin-creat-
inine ratio point-of-care test for detection of albuminuria in 
primary care. Am J Kidney Dis. 2012 Nov; 60(5): 787-794. doi: 
10.1053/j.ajkd.2012.05.009. 

20. Woodford N, Ellington MJ, Coelho JM, Turton JF, Ward ME, 
Brown S, et al. Multiplex PCR for genes encoding prevalent 
OXA carbapenemases in Acinetobacter spp. Int J Antimi-
crob Agents. 2006 Apr; 27(4): 351-353. doi: 10.1016/j.ijanti-
micag.2006.01.004.

21. Varkonyi-Gasic E, Hellens RP. Quantitative stem-loop RT-
PCR for detection of microRNAs.. Methods Mol Biol. 2011; 
744: 145-157. doi: 10.1007/978-1-61779-123-9_10.

22. Wada J, Makino H. Inflammation and the pathogenesis of di-
abetic nephropathy. Clin Sci (Lond). 2013 Feb; 124(3): 139-
152. doi: 10.1042/CS20120198.

23. Flynn MG, Markofski MM, Carrillo AE. Elevated inflamma-
tory status and increased risk of chronic disease in chrono-
logical aging: inflamm-aging or inflamm-inactivity? Aging 
Dis. 2019 Feb 1; 10(1): 147-156. doi: 10.14336/AD.2018.0326. 

24. Havasi A, Haegele JA, Gall JM, Blackmon S, Ichimura T, Bo-
negio RG, et al. Histone acetyl transferase (HAT) HBO1 and 
JADE1 in epithelial cell regeneration. The American journal 
of pathology. 2013; 182(1): 152-162.

25. Skyler J. Atlas of diabetes. Springer Science & Business Me-
dia. 2012. https://www.springer.com/gp/book/9781461410270

26. Alicic RZ, Rooney MT, Tuttle KR. Diabetic kidney disease: 
challenges, progress, and possibilities. Clin J Am Soc Nephrol. 
2017 Dec 7; 12(12): 2032-2045. doi: 10.2215/CJN.11491116.

27. Al-Awaida WJ, Sharab AS, Al-Ameer HJ, Ayoub NY. Effect 
of simulated microgravity on the antidiabetic properties of 
wheatgrass (Triticum aestivum)  in streptozotocin-induced 
diabetic rats. NPJ Microgravity. 2020 Feb 24; 6: 6. doi: 10.1038/
s41526-020-0096-x. eCollection 2020.

28. Huang EJ, Kuo WW, Chen YJ, Chen TH, Chang MH, Lu MC, 
et al. Homocysteine and other biochemical parameters in type 
2 diabetes mellitus with different diabetic duration or dia-
betic retinopathy. Clin Chim Acta. 2006 Apr; 366(1-2): 293-
298. doi: 10.1016/j.cca.2005.10.025. 

29. Hasegawa G, Nakano K, Sawada M, Uno K, Shibayama Y, 
Ienaga K, et al Possible role of tumor necrosis factor and in-
terleukin-1 in the development of diabetic nephropathy. Kid-
ney Int. 1991 Dec; 40(6): 1007-1012. doi: 10.1038/ki.1991.308.

30. Navarro-Gonzalez JF, Mora-Fernandez C. The role of inflam-
matory cytokines in diabetic nephropathy. JASN March 2008, 
19(3): 433-442; doi: https://doi.org/10.1681/ASN.2007091048

31. Gelen  V, Şengul E, Atila G, Uslu H, Makav M. Association of 
Gestational Diabetes and Proinflammatory Cytokines (IL-6, 
TNF-α and IL-1β). Journal of Embryology. 2017; 1(1).

32. Juge-Aubry CE, Somm E, Giusti V, Pernin A, Chicheportiche 
R, Verdumo C, et al. Adipose tissue is a major source of in-
terleukin-1 receptor antagonist: upregulation in obesity and 
inflammation. Diabetes 2003 May; 52(5): 1104-1110. https://
doi.org/10.2337/diabetes.52.5.1104.

33. Sauter NS, Schulthess FT, Galasso R, Castellani LW, Maedler 



Evaluation of the Genetic Association and Expressions of Notch-2 /Jagged-1 in Patients

108 ORIGINAL PAPER | MED ARCH. 2021 MAR; 75(2): 101-108

K. The antiinflammatory cytokine interleukin-1 receptor an-
tagonist protects from high-fat diet-induced hyperglycemia. 
Endocrinology. 2008 May; 149(5): 2208-2218. doi: 10.1210/
en.2007-1059. 

34. Niknami N, Omraninava M, Mirzaei N. Evaluation of the 
Serum Levels of IL-1 in Type 2 Diabetic Patients with and 
without Diabetic Nephropathy. Journal of Diabetes Melli-
tus. 2018; 8: 54.

35. Maedler K, Sergeev P, Ris F, Oberholzer J, Joller-Jemelka HI, 
Spinas GA, et al. Glucose-induced β cell production of IL-1β 
contributes to glucotoxicity in human pancreatic islets. J 
Clin Invest. 2002 Sep; 110(6): 851-860. doi: 10.1172/JCI15318.

36. Tripepi G, Mallamaci F, Zoccali C. Inflammation markers, 
adhesion molecules, and all-cause and cardiovascular mortal-
ity in patients with ESRD: searching for the best risk marker 
by multivariate modeling. J Am Soc Nephrol. 2005 Mar; 16 
Suppl 1: S83-88.

37. Spranger J, Kroke A, Möhlig M, Hoffmann K, Bergmann 
MM, Ristow M, et al. Inflammatory cytokines and the risk 
to develop type 2 diabetes: results of the prospective popula-
tion-based European Prospective Investigation into Cancer 
and Nutrition (EPIC)-Potsdam Study. Diabetes. 2003 Mar; 
52(3): 812-817. doi: 10.2337/diabetes.52.3.812.

38. Bayliss GP, Weinrauch LA, Gleason RE, Lee AT, D'Elia JA. 
Do biologic markers predict cardiovascular end points in 
diabetic end-stage renal disease? A prospective longitudinal 
study. Clinical kidney journal. 2013; 6: 599-603. doi: 10.5527/
wjn.v3.i4.156.

39. Almeida A, Lourenço O, Fonseca A. Haemodialysis in dia-
betic patients modulates inflammatory cytokine profile and 
T cell activation status. Scand J Immunol. 2015 Aug; 82(2): 
135-141. doi: 10.1111/sji.12309.

40. Gedela S, Guruju VPB, Sulakshana M, Maheswari IL, Pra-
bhakar T, GirijaSankar AAR, et al. Quantitative Analysis of 
Cytokines in Diabetic Nephropathy. Journal of Proteomics 
& Bioinformatics. 2009; 2: 217-221. doi:10.4172/jpb.1000079

41. Vidhate D, Thomas J, Gupte A. Association of IL-6 with dia-
betes mellitus in Indian population from Navi Mumbai. In-
ternational Journal of Recent Trends in Science and Tech-
nology. 2013; 8: 100-102.

42. Rotter V, Nagaev I, Smith U. Interleukin-6 (IL-6) induces in-
sulin resistance in 3T3-L1 adipocytes and is, like IL-8 and tu-
mor necrosis factor-α, overexpressed in human fat cells from 
insulin-resistant subjects. J Biol Chem. 2003 Nov 14; 278(46): 
45777-45784. doi: 10.1074/jbc.M301977200. 

43. Tbahriti HF, Meknassi D, Moussaoui R, Messaoudi A, Ze-
mour L, Kaddous A, et al. Inflammatory status in chronic 
renal failure: The role of homocysteinemia and pro-inflam-
matory cytokines. World J Nephrol. 2013 May 6; 2(2): 31-37. 
doi: 10.5527/wjn.v2.i2.31.

44. McCarthy MI, Zeggini E. Genome-wide association studies 
in type 2 diabetes. Curr Diab Rep. 2009 Apr; 9(2): 164-171. 
doi: 10.1007/s11892-009-0027-4.

45. Reinke S, Thakur A, Gartlan C, Bezbradica JS, Milicic A. In-
flammasome-Mediated Immunogenicity of Clinical and Ex-
perimental Vaccine Adjuvants. Vaccines (Basel). 2020 Sep; 
8(3): 554. doi: 10.3390/vaccines8030554.

46. Cheng HT, Kim M, Valerius MT, Surendran K, Schus-
ter-Gossler K, Gossler A, et al. Notch2, but not Notch1, is re-
quired for proximal fate acquisition in the mammalian neph-
ron. Development. 2007 Feb; 134(4): 801-811. doi: 10.1242/
dev.02773. 

47. Niranjan T, Bielesz B, Gruenwald A, Ponda MP, Kopp JB, 
Thomas DB, et al. The Notch pathway in podocytes plays a 
role in the development of glomerular disease. Nat Med. 2008 
Mar; 14(3): 290-298. doi: 10.1038/nm1731. .

48. Ye Y, Liu M, Yuan H, Ning S, Wang Y, Chen Z, et al. COX-2 
regulates Snail expression in gastric cancer via the Notch1 sig-
naling pathway. International journal of molecular medicine. 
2017; 40: 512-522.  https://doi.org/10.3892/ijmm.2017.3011.

49. Jha JC, Thallas-Bonke V, Banal C, Gray SP, Chow BS, Ramm 
G, et al. Podocyte-specific Nox4 deletion affords renoprotec-
tion in a mouse model of diabetic nephropathy. Diabetologia. 
2016 Feb; 59(2): 379-389. doi: 10.1007/s00125-015-3796-0. 

50. Yang G-Z, Bellingham J, Dupont PE, Fischer P, Floridi L, Full 
R, et al. The grand challenges of Science Robotics. Science ro-
botics. 2018; 3, doi: 10.1126/scirobotics.aar7650.

51. Brito FCd, Gosmann G, Oliveira GT. Extracts of the unripe 
fruit of Ilex paraguariensis as a potential chemical control 
against the golden apple snail Pomacea canaliculata (Gas-
tropoda, Ampullariidae). Natural product research. 2019; 33: 
2379-2382. doi.org/10.1080/14786419.2018.1443084.

52. Divya T, Velavan B, Sudhandiran G. Regulation of Trans-
forming Growth Factor‐β/Smad‐mediated Epithelial-Mesen-
chymal Transition by Celastrol Provides Protection against 
Bleomycin‐induced Pulmonary Fibrosis. Basic and clini-
cal pharmacology and toxicology. 2018; 123: 122-129. doi: 
10.1111/bcpt.12975.


