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Abstract
Background: Diabetic nephropathy (DN) is among the main complications of diabetes mellitus, and it has been the major
factor of renal failure. The current investigation aims to address the association between beta-cell lymphoma-2 (Bcl-2),
interleukin (IL)-1β, IL-17, and IL-33 with the development of DN.

Methods: In this study, twenty healthy volunteers plus hundred patients have been signed up. According to their biochemical
markers, patients were categorized into 5 groups; diabetic, chronic renal disease, diabetic chronic renal disease, end-stage
renal disease, and diabetic end-stage renal disease.

Results: Our results showed a noticeable elevation in IL-1β and IL-17 levels and a reduce in IL-33 and Bcl-2 levels in all
investigated groups relative to the healthy group. Positive correlations were reported between IL-1β with FBS and creatinine
levels, IL-17, with HbA1c% and sodium levels. However, negative correlations were exerted between IL-33 with urea and
sodium concentration, Bcl2 with HbA1c%, and creatinine levels.

Conclusion: The present data revealed a marked relationship between Bcl-2, IL-1β, IL-17, and IL-33 levels and the progression
of DN. Therefore, understanding the molecular pathways of in�ammatory and apoptotic activities-related DN could be
translated into the development of therapeutic strategies.

Introduction
The main risk factor for the progression of chronic renal disease is diabetes, and diabetic nephropathy (DN) may be
developed in 20 to 30% of diabetic patients and it was the main risk factor of renal failure disease [1,2]. The knowledge of the
fundamental pathophysiologic mechanisms contributing to DN had been developed rapidly. Classically, renal diseases have
been indicated through hemodynamic and metabolic changes [3], as well as raising blood and glomerular pressure and
modifying molecules under hyperglycemia. Additionally, the main factors in�uence the development of DN seem to be
oxidative stress, in�ammation, and �brosis [4]. The in�ammatory cytokines exert an important variety of activities involved in
the pathophysiology of DN, along with the earlier stages of the disease, development stage, and ESRD [5]. Pro-in�ammatory
cytokines can be produced from renal cells, including tumor necrosis factor-α (TNF-𝛼), interleukin (IL)-1, and IL-6.
Accordingly, cytokines may have several impacts on the renal systems, thereby playing a pivotal role in the development of
kidney diseases [6]. However, TNF-α induces the formation of local reactive oxygen species, independent of hemodynamic
pathways, leading to glomerular capillary wall changes, and thereby elevated albumin permeability [7]. Recent evidence
supporting a de�nitive role of T-helper type 17 (Th17) cells in the etiopathogenesis of type 1 diabetes mellitus (T1DM).
Moreover, IL-17 was demonstrated to have an important function in in�ammation, and T2DM [8]. IL-33 has been revealed
several protective properties in type 2 diabetes, obesity, and cardiovascular disease [9]. Beta-cell lymphoma-2 (Bcl2), as an
antiapoptotic protein, can protect the consistency of the outer membrane of mitochondria via suppressing the proapoptotic
molecules [10]. Hyperglycemia can affect the various phases in the apoptotic signalling by enhancing oxidative, nitrosative
stress, and promoting the proapoptotic Bcl2 family proteins as well as caspase cascade pathway [11]. Importantly,
Bcl2 members remain innocuously inside the kidney cells until stimulated or suppressed by physiologic stress induced by
speci�c nephrotoxins, or acute glomerulonephritis [12]. Thus, the assessment of the processes that underlie metabolic and
in�ammatory alterations that may in�uence the pathophysiology and progression of diabetic nephropathy has become
greatly important. The present study aims to explore the association between cytokines; IL-1β, IL-17, and IL-33 as well as an
anti-apoptotic protein, Bcl2, with the development of diabetic nephropathy.

Patients And Methods

Patients
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A total of 100 patients from Kidney Hospital, Beni-Suef, Egypt, were allocated according to biochemical markers into �ve
groups (20 patients per each group); diabetic, chronic renal disease, diabetic chronic renal disease, end-stage renal disease,
and diabetic end-stage renal disease. In addition, 20 healthy volunteers have been used as healthy controls in the study. The
study protocol has been performed in compliance with the Helsinki declaration as well as the recommendations for good
clinical practice. Blood samples were obtained during months from September 2017 to May 2018 after the study protocol
was approved by the hospital ethical committee.

Experimental design 
The healthy adult individuals, diabetic (HbA1c > 6.5%, creatinine <1.5 mg/dl), chronic renal disease (HbA1c < 6.0%, creatinine;
> 1.5- 6.5 mg/dl), diabetic chronic renal disease (HbA1c > 6.5%, creatinine; > 1.5- 6.5 mg/dl), end-stage renal disease
(hemodialysis patients) (HbA1c < 6.0%, creatinine; > 6.5 mg/dl), and diabetic hemodialysis patients (HbA1c > 6.5%,
creatinine; > 6.5 mg/dl) have been allowed to enroll in the study. However, key exclusion criteria include thyroid dysfunction,
respiratory disorder, liver dysfunction, cerebrovascular diseases, ischemic heart disease, autoimmune disorders, allergies,
pregnancy and lactating women, and patients with medical conditions including, infections, malignancies. Enrolled patients
and healthy participants have been allocated into 6 groups (20 patients per each group); Group 1 Healthy controls, Group
2 consisted of diabetic patients, Group 3 had patients with chronic renal disease, Group 4 had patients with diabetic chronic
renal disease, and Group 5 included patients with end-stage renal disease, and Group 6 had patients with diabetic end-stage
renal disease.

Laboratory investigations 
Blood samples were collected from individuals after overnight fasting through plain and EDTA tubes (4ml each). EDTA
samples have been used for the detection of HbA1C% and cytokines mRNA expression. Until used for assay, samples were
kept at -80 °C. Blood sugar, creatinine, uric acid, urea, sodium, and potassium levels have been assessed by kits obtained
from SPINREACT, Spain. Glycosylated hemoglobin (HbA1c%) has been measured by kits obtained from MyBiosource (San
Diego, CA, USA). IL-1β and IL-17 were estimated using ELISA Kit. According to the kit instructions given, the procedures were
performed.

Isolating RNA and qRT-PCR analysis
Total IL-37 RNA was isolated from the blood samples by using Qiagen tissue extraction kit purchased from Qiagen, Germany,
then the target DNA sequences were ampli�ed on step one plus PCR using method of multiplex polymerase chain reaction
(PCR). Furthsr, 2 μg RNA was used to produce Complementary DNAs (cDNAs) which were ampli�ed by SYBR Green master
mix (Thermo Fisher Scienti�c, USA), using the primer sets. The primer sequences for IL-33 were F:
5′ACAGAATACTGAAAAATGAAGCC-3′ R:5′CTTCTCCAGTGGTAGCATTTG-3′; (NM001314046.1); Bcl2:F:
5AGATGTCCAGCCAGCTGCACCTGAC3 and R: 5AGATAGGCACCCAGGGTGATGCAAGCT-3 (M13994); β-actin F : 5-
CTGTCTGGCGGCACCACCAT-3 R: 5-GCAACTAAGTCATAGTCCGC-3 (X00 351). By using the manufacturer's program, the
ampli�ed data collected were determined according to the methods of Livak and Schmittgen [13], and the results were
normalized to β-actin.

IL-17 gene polymorphism by real time-PCR:
The Qia-ampli�cation DNA extraction kit has been used to extract DNA from the whole blood (Qiagen, USA).  DNA
quantitation and purity measurement were carried out in the collected DNA samples by the NanoDrop® (ND)-1000
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spectrophotometer (NanoDrop Technologies, Inc., USA). Genotyping of miRNA 499 (rs3746444) SNP has been conducted by
RT- PCR with TaqMan allelic discrimination assay (Applied Biosystems, USA). 

Statistical Analysis  
The current results were interpreted employing statistical software (SPSS) (version 22.0, Chicago, IL, USA). A one-way
variance analysis (ANOVA) was performed to compare the data across intervention groups, followed by Duncan test to
assess the signi�cant differences between groups. Pearson's method for estimating the degree of dependency between
variables was used as simple linear correlation analysis. Statistically, P< 0.05 value is deemed signi�cant.

Results
Our results showed a marked (P< 0.001) elevation in the levels of serum creatinine and uric acid as well as blood urea in the
groups of; chronic renal disease, diabetic chronic renal disease, end-stage renal disease, and diabetic end-stage renal disease
relative to the healthy group. Furthermore, FBS and HbA1c% levels have been increased markedly (P< 0.001) in diabetic
groups relative to the healthy group. Potassium levels exhibited a marked increase in chronic renal disease, end-stage renal
disease, and diabetic end-stage renal disease groups relative to healthy controls. 

The obtained data also revealed a noticeable (P< 0.001) elevation in the levels of IL-1β and IL-17 in all investigated groups
compared to the healthy group. However, IL-33 and Bcl2 mRNA expressions revealed a signi�cant (P< 0.001) down-regulation
in the investigated groups relative to healthy controls (Fig. 1). Our results revealed that the frequencies of the A/A genotype
recorded 55.0%, 55.0%, 55.0%, 45.0%, 50.0%, and 50.0% in healthy controls, diabetic, chronic renal disease, diabetic chronic
renal disease, end-stage renal disease, and diabetic end-stage renal disease groups, respectively. Also, the G/G genotype
recorded high frequencies in chronic renal disease and end-stage renal disease groups compared to the healthy group,
recording 20.0% in both groups. Regarding diabetic groups; diabetic, diabetic chronic renal disease , and diabetic end-stage
renal disease groups have been recorded 5.0%, 10.0%, and 10.0%, respectively in the G/G genotype. On the other hand, the
A/G genotype frequencies were highly in diabetic groups; diabetic, diabetic chronic renal disease and diabetic end-stage renal
disease groups 40.0%, 45.0%, and 40.0%, respectively, while chronic renal disease and end-stage renal disease groups
recorded 25.0% and 30.0% %, respectively (Table. 1). 

Table 1

Biochemical parameters and interleukin-17 genotyping in healthy controls, diabetic and renal disease groups.
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Group

Parameter

Healthy

controls

Diabetic Chronic renal
disease

Diabetic
chronic renal
disease

End-stage
renal
disease 

Diabetic end-
stage renal
disease

FBS (mg/dl)

HbA1c (%)

Creatinine
(mg/dl)

92.01±2.09a

4.87±0.53a

1.01±0.02a

194.65±15.32c

8.55±0.37d

1.12±0.03a

87.25±1.92a

4.99±0.09a

2.46±0.19b

189.25±14.09c

6.99±0.15c

2.55±0.15b

87.75±2.58a

4.94±0.11a

8.10±0.29c

133.75±9.92b

6.58±0.16b

8.38±0.37c

Urea (mg/dl)

Uric acid
(mg/dl)

Sodium (mEq/l)

Potassium
(mEq/l)

27.19± 1.14a

4.45±0.28a

139.25±1.34ab

4.31±0.11a

33.16 ±1.72a

4.54±0.31a

142.90±1.18b

4.40±0.13a

71.25 ± 2.54c

6.68±0.13b

158.53±0.92d

5.98±0.11bc

58.84 ± 1.26b

5.98±0.14b

155.30±2.01d

4.50±0.17a

128.65±7.43e

6.64±0.24b

148.30±2.64c

6.25±0.11c

113.70±4.34d

6.44±0.25b

135.48±1.46a

5.64±0.19b

IL-17Genotype  

AA (%)

GG (%)

AG (%)

 

55

10

35

 

55

5

40

 

55

20

25

 

45

10

45

 

50

20

30

 

50

10

40

Data were expressed as mean ± standard error. Means that have the same superscript symbol (s) would not differ
signi�cantly. FBS: fasting blood sugar, IL-17: interleukin-17.

Among diabetic renal dysfunction groups, IL-1β showed a positive correlation with creatinine (r = 0.415, P< 0.05), and FBS (r
= -0.432; P< 0.05). Also, IL-17 was correlated positively with HbA1c% (r = 0.463; P< 0.01), and Sodium (r = -0.418; P< 0.05). On
the other hand, IL-33 was correlated negatively with urea (r = -0.487; P< 0.01) and with sodium (r = -0.631, P< 0.001). In
addition, our �ndings revealed a negative correlation between Bcl-2 with creatinine (r = 0.426, P< 0.05), and HbA1c% (r =
-0.411, P< 0.05) (Fig. 2, 3).     

Discussion
The major long term microvascular disorder of diabetes is DN. The current data revealed an obvious elevation in serum
creatinine and urea levels in the renal disease groups compared to the healthy group. Also, FBS and HbA1c% recorded a
marked higher levels in diabetic groups relative to healthy controls. Several researchers indicated that hyperglycemia and
pro-in�ammatory cytokines have a crucial role in the pathophysiology of DN. Notably, IL-1β is thought to enhance
proliferation of mesangial cell, and matrix deposition [14] and plays a pivotal function in several diseases, including diabetes
and atherosclerosis [15]. Our study revealed that IL-1β level has been increased noticeably in all diabetic and renal disease
groups and these �nding was in parallel with Osborn et al. [16] who reported a correlation between the elevation in IL-1β
levels with insulin secretion impairment, cell proliferation inhibition, and pancreatic β-cells apoptosis. Moreover, IL-1β-
neutralizing antibody administration substantially decreases HBA1c% and enhances the role of islets in HFD-induced
diabetic mice. Regarding the diabetic end-stage renal disease group, our results revealed a noticeable positive correlation
between IL-1β with FBS and creatinine levels. These data were consistent with Lei et al. [17] who reported that IL-1β is
esential to enhance the onset and development of diabetic renal disease, and is involved also in intraglomerular
hemodynamics abnormalities [18]. Additionally, Timoshenko et al. [19] revealed a signi�cant role of IL-1β in murine model of
crescentic glomerulonephritis where IL-1β has a signi�cant impact on cellular effectors in glomeruli and glomerular injury
mechanisms. Further, Palsamy and Subramanian [20] revealed that IL-1β with TNF-a may induce iNOS expression in
glomerular mesangial cells, resulting in large amounts of NO production, leading to hyper�ltration and higher
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microalbuminuria. In this regard, IL-1β promotes progression of renal disease in chronic diabetic patients and could therefore
be a potential therapeutic target for alleviate or delay DN.

In the pathogenesis of several in�ammatory disorders, the role of IL-17 is well reported, but further studies are needed to
explore its contribution in DN. In the present study, our �nding observed a noticeable increase in serum IL-17 level in diabetic
and renal groups relative to healthy controls. Chen et al. [21] mentioned that levels of serum IL-17 in newly diagnosed
patients with T2DM have been markedly increased compared to healthy subjects. Also, several investigations showed that IL-
17 had a central role in T2DM in�ammation and complications [8]. Interestingly, IL-17 activates the pathway of NF-κB [22]
which induces pro-in�ammatory cytokines expressions including, IL-1β, IL-6, TNF-α, and adhesion molecules, thereby initiate
the destruction of several tissues [23]. Moreover, IL-17 increases TNF-α up-regulation and chemokine (C-C motif) ligand-2 in
tubular epithelial and mesangial cells, leading to recruit local macrophages [24]. In diabetic mice, IL-17 mediates podocyte
lesion, mesangial expansion, and kidney �brosis in DN animal model [25]. Moreover, activation of the IL-17A/NF-κB pathway
may lead to diabetic renal in�ammation. Among the diabetic end-stage renal disease group, our results showed a positive
correlation between IL-17 with both HbA1c% and sodium concentration. Cytokines, including TGF-β1, TNF-α, Interferon-
gamma, IL-17A, and IL-1β, can be control hypertension by in�uencing endothelial dysfunction, the equilibrium between water
and salts, and sympathetic regulation [26]. IL-17A could directly stimulate endothelial dysfunction-associated hypertension,
as seen in transgenic mice overexpress IL-17A in keratinocytes [27] In IL-17A de�cient mice, alterations in endothelium-
dependent vasodilatation phenylephrine-induced contraction caused by AngII, and reactive oxygen species generation was
inhibited [28,29]. However, sodium transporters and nephron expression and activities were modulated by IL-17A.
Interestingly, IL-17A depletion has eliminated distal tubule transporter activation, in particular, the sodium-chloride co-
transporter, the epithelial sodium channel, and decreased renal damage caused by AngII [30]. By controlling activation, IL-17A
signi�cantly contributes to the etiopathogenesis of kidney �brosis, T cell expression, and in�ammatory-mediated cell
in�ltration [31]. With modern clinical trials, the area of anti-IL-17A antibodies in treated different diseases has recently
increased signi�cantly. Thus, targeting the IL-17 pathway can re�ect a novel therapeutic strategy in managing the
progression of DN. 

The relation of SNPs inside the IL-17 family's genes and a number of diseases was investigated recently, however, few
studies have discussed their impact on kidney diseases. Kim et al. [32] recorded a marked correlation between the IL17RA
rs4819554 A allele with end-stage renal disease patients. Besides, Coto et al. [33] reported a correlation between abnormal
kidney function and SNP rs4819554 in the IL17RA promoter region. Regarding our knowledge, this is the �rst study to
investigate the polymorphisms of IL-17 gene in the progression and development of DN. Our data showed a higher frequency
of the heterozygous A/G polymorphism in diabetic groups, while non-diabetic renal dysfunction groups showed a higher
frequency of homozygote G/G as compared to healthy controls. These �ndings suggest that the IL17 GG and AG genotype
may be linked with the severity of the disease. Moreover, the molecular importance of IL-17A genotype with increased IL-17
production in persons with the A allele was supported by our results. Accordingly, Linhartova et al. [34] mentioned that
variability of the IL-17A gene can partially affect T1DM management in diabetic patients. 

Concerning IL-33, our results revealed a signi�cant reduction in diabetic and renal disease groups relative to healthy controls.
Duan et al. [35] mentioned that the expression of IL-33 has been markedly higher in patients without kidney damage. Among
the diabetic chronic renal disease group, the current results exert a negative correlation between IL-33 with urea and sodium
levels. Our �ndings were consistent with previous reports that explained the vital relation between IL-33 and the progression
of renal diseases [36]. Moreover, IL-2 and IL-33 together were protected against metabolic syndrome diseases, albuminuria,
and polarize macrophages to alternatively activated macrophages (M2) phenotype [37]. Recently, Stremska et al. [38]
reported that IL-33 has a central role in facilitating Treg responses, therefore IL-33 and IL-2 may synergize to improve Tregs
and can also protect against experimental acute kidney damage. On the contrary, Nile et al. [39] reported that IL-33 has been
observed to be an endogenous "danger signal" or "alarm" for trigger the immune response for responding to hypersensitive
disease, which indicate that IL-33 may act as a dual‐function. In addition, In diabetic nephropathy, the rise in IL-33 levels is
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not associated with kidney damage, but the elevation may a result of diabetes [40]. Importantly, there is also a need to fully
elucidate the processes underlining the association of IL-33 with diabetic renal disease.

In this study, it has been demonstrated that Bcl2 mRNA expression decreased in all diabetic and renal disease groups relative
to the healthy group. Our results were in compatible with Cipollone et al. [41] who proved that Bcl2 expression has been
substantially decreased in microalbuminuric diabetic patients as a result of elevation in oxidant load due to hyperglycemia.
In addition, Bcl-2 downregulation leads to stimulation of the NF-kB route, thereby the progression of nephropathy. Almond
and Cohen [42] reported that some Bcl2 family has been found to suppress apoptotic death by regulating the activation of
caspases and mitochondrial membrane permeability [43]. Notably, Bcl2 protein accumulation may occur via the signalling of
mitogen-activated protein kinases and is a cause of intrinsic apoptotic events, with activation of apoptotic protease factor-1
and initiator caspase-9, accompanied by activation of -3 and -7 executioner caspases, cell death, and further renal injury [44].
Concerning diabetic chronic kidney disease patients, the current �ndings exert a negative correlation between Bcl2 with
creatinine and HBA1c%. These results have been consistent with the �nding of Majewska et al. [45] who found a decrease in
the expression of Bcl2 in end-stage renal disease patients compared to controls. This elevation of apoptosis may be a result
of higher Bcl2-antagonist/killer and reduced Bcl2 expression. The decreased Bcl2 expression has been hypothesised to be a
crucial factor for the inability of uremic lymphocytes for relieving apoptosis [46]. Our �ndings support the concept that
apoptosis route (by decrease Bcl2) is a pathogenic process of kidney injury induced by diabetic in�ammation mechanisms.
Additionally, understanding the role of IL-1β, IL-17, IL-33, and Bcl2 in diabetic patients can help in the early identi�cation of
individuals at risk of DN. Therefore, IL-1β, IL-17, IL-33, and Bcl2 are novel effective therapeutic goals for diabetic
complications management. 

The limitations of this study may be related to the sample size of each group, data on medications in detail, physical activity,
and smoking screening. In addition, the limitations of examined some investigations such as eGFR, a number of the novel
cytokines-associated with renal diseases.

Conclusion
The study revealed that the diabetic renal disease groups showed increased levels of IL-1β, IL-17, with reduced in IL-33, Bcl2
levels relative to healthy controls. Therefore, the association of these molecular with in�ammatory and apoptotic activities-
associated diabetic nephropathy was important for understanding the onset and progression of the disease. Additionally,
further prospective studies in a large cohort are necessary to better explore the causality question in order to translate into
the development of anti-in�ammatory therapeutic strategies for diabetic nephropathy.
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Figure 1

(A) interleukin 1-beta, (B) interleukin-17, (C) interleukin-33, (D) beta-cell lymphoma-2 levels in healthy controls, diabetic, and
renal disease groups. Results were expressed as mean ± standard error. Means that have the same superscript symbol (s)
would not differ signi�cantly.
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Figure 2

The correlation between fasting blood sugar with interleukin 1-beta (A) creatinine with interleukin 1-beta (B) glycated
hemoglobin with interleukin-17 (C) sodium with interleukin-17 (D) in diabetic renal disease groups. Correlation is signi�cant
*at P>0.05 level, ** at P>0.01 level.
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Figure 3

The correlation between urea with interleukin-33 (A) sodium with interleukin-33 (B) creatinine with beta-cell lymphoma-2 (C)
glycated hemoglobin with beta-cell lymphoma-2 among diabetic renal dysfunction groups. Correlation is signi�cant *at
P>0.05 level, ** at P>0.01 level, *** at P>0.001 level.


