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ABSTRACT
Aim: The present study elucidated the expression level of Nrf2 and NF-κB, in chronic kidney disease (CKD) patients from South India. Further, the expression 
levels of these genes are analyzed for cytokines TNF-α and IFN-γ and various subgroups of cases including dialysis, non-dialysis, diabetic and non-diabetic 
CKD patients, and correlation analysis performed. 

Methods: 133 CKD patients and 133 healthy individuals were enrolled for the evaluation of NF-κB and Nrf2 expression by qPCR.

Results: Upregulated Nrf2 mRNA expression (as fold change) was observed in diabetic (Fc: 1.13), and non-diabetic (Fc: 1.30) patients. Inversely, Nrf2 mRNA 
expression was down regulated in non-dialysis groups (Fc: 0.80). NF-κB expression was significantly upregulated in non-diabetic (Fc:1.92), non-dialysis 
(Fc:1.59), dialysis (Fc: 1.36) and CKD patients (pooled) (Fc: 1.27). A dysregulated NF-κB expression was observed in diabetic groups (Fc: 0.69). Nrf2 mRNA 
expression were positively correlated with IFN-γ expression in diabetes (r = 0.28, p = 0.05) and non-diabetic CKD patients (r = 0.37, p < 0.002). Likewise, 
TNF-α expression was positively correlated with Nrf2 expression in CKD (pooled) patients (r = 0.33, p < 0.000). A negative correlation was observed in 
Nrf2 and NF-κB expression in CKD (pooled) (r = -0.028, p = 0.833).

Conclusion: The study concluded the down regulated Nrf2 and upregulated NF-κB expressions in non-dialysis patients. On the contrary, in diabetic CKD 
patients, the expression level of NF-κB was downregulated and Nrf2 was upregulated. Thus, a negative correlation was observed between Nrf2 and NF-κB 
genes with respect to their expression patterns.
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Introduction
Globally Chronic Kidney Disease (CKD) is a major health problem 
[1, 2]. WHO estimates CKD as the 10th leading cause of death 
[3]. Recently, the International Society of Nephrology’s Kidney 
Disease Data Center Study reported that the CKD prevalence 
in India is approximately15-17%. The prevalence rate of CKD 
from different regions of India varies from <1% to 13% [4, 5]. 
The age-adjusted end stage kidney disease (ESKD) incidence in 
urban cohort estimates around 232 pmp and unfortunately India 
lacks a national registry for ESKD [6-8]. The growing burden of 
hypertension and diabetes mellitus was one of the leading causes of 
CKD in Western countries [9]. In India, diabetes and hypertension 
account for 40–60% of cases of CKD [7]. Apart from this, water 

contamination, overcrowding, poor sanitation, pollutants, poverty, 
known and unknown nephrotoxins (heavy metals and plant toxins 
in indigenous remedies) lead to glomerular and interstitial kidney 
diseases. The States of Andhra Pradesh, Odisha and Goa have 
high levels of CKD of unknown etiology (CKDu), of suspected 
agents such as cadmium, fluoride, arsenic, and pesticides and 
leads to chronic interstitial nephropathy with insidious onset and 
slow progression [10]. Genetic inbreeding and consanguinity 
may increase the risk of congenital anomalies of the kidney and 
urinary tract and obstructive or reflux nephropathy.

Chronic inflammation is a consequence of glomerular and 
tubulointerstitial pathology [11-15]. Patients with asymptomatic 
proteinuria exhibit low-grade inflammation linked to endothelial 
dysfunction [16]. In many forms of CKD, proteinuria is a well-
recognized predictor of disease progression [17]. Previous results 
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have shown that oxidative stress is a major aggravating factor 
for the progression and pathogenesis of kidney diseases [18-
20]. Tumor necrosis factor (TNF) plays a significant role in the 
progression of renal disorders, interacting with the kidney in a 
paracrine or autocrine manner [21-25]. Cytokine TNF is mainly 
produced by monocytes but also, to a lesser extent, by renal cells 
(endothelial, epithelial, mesangial, and tubular cells) [25-27]. 
Inflammation and oxidative stress are the main drivers of CKD 
progression and lead to cardiovascular and other complications 
[28-30].

The nuclear factor erythroid-2-related factor 2 (Nrf2), activates 
the transcription of 500 genes in the human genome, mainly 
for cytoprotective functions. Nrf2 is the master regulator of 
genes encoding antioxidant and detoxifying enzymes (catalase, 
SOD, UDP-glucuronosyltransferase, NAD(P)H: quinine 
oxidoreductase-1 (NQO1), heme oxygenase-1 (HO-1), glutamate-
cysteine ligase, glutathione S-transferase, glutathione peroxidase, 
and thioredoxin), and related proteins [31, 32]. Nrf2 is held in the 
cytoplasm as an inactive complex bound to Keap1 (Kelch-like 
ECH-associated protein 1), a repressor molecule that facilitates 
Nrf2 ubiquitination [33]. Once the cells are exposed to electrophiles 
or ROS, Keap1 releases the Nrf2 in the cytoplasm. The limitation 
in the proteasomal degradation of Nrf2in the cytoplasm results in 
the accumulation of the de novo synthesized Nrf2 and in turn gets 
translocated to the nucleus [34-36]. The activation of Nrf2 leads to 
the production of anti-inflammatory effects by activating NF-κB.

NF-κB is activated through oxidative stress which in turn regulates 
the transcription of several genes encoding pro-inflammatory 
cytokines, chemokines, and leukocyte adhesion molecules [37, 
38]. Progression of renal diseases involves mainly NF-κB proteins 
mediating renal inflammation by promoting gene expression in 
different cell types, including renal cells, innate immune cells, 
and lymphocytes [39,40]. The members of TNF cytokines were 
the main contributors of renal damage on glomerular and tubular 
cells [41,42]. The data availability on the expression of Nrf2 
and NF-κB, two key target gene products in CKD patients is 
limited. The current study was aimed to identify the expression 
dynamics of Nrf2 and NF-κB in CKD patients and their role in 
aetiopathogenesis.

Material and Methods
Enrolment of Samples
A total of 133 CKD patients (24 females with mean age: 48.41 ± 
15.53 yrs; 109 males with mean age: 50.69 ± 15.29 yrs) and 133 
healthy volunteers (60 females with mean age: 43.34 ± 13.11 yrs; 
73 males with mean age: 40.06 ± 13.15 yrs) were enrolled. Case 
selection for CKD was defined by the trained physician based on 
Kidney Disease Quality Outcome Initiative (K/DOQI). Generally, 
CKD cases with kidney damage or glomerular filtration rate (GFR) 
<60 mL/min/1.73 m2 for 3 months or more, were included. Kidney 
disease severity is classified into five stages according to the level 
of GFR. The present study included CKD subjects under different 
category: dialysis, non-dialysis, diabetic and non-diabetics (with 
>18 years of age). Patients with malignancies, pediatric kidney 
failure, autoimmune disease and AIDS were excluded. The gene 
expression analysis for Nrf2 and NF-κB, IFN-γ and TNF-α genes 
were performed by qPCR methods. IFN-γ and TNF-α cytokine 
expression data were used only for correlation analysis (expression 
data not shown). A detailed questionnaire and written informed 
consent was collected from all participants and the study was 
approved by Institutional Ethical Committee. 

RNA Extraction and cDNA Synthesis
The total RNA was extracted from PBMCs using the Trizol 
reagent (Invitrogen Life Technologies, Germany) followed by 
incubation with DNAase (Qiagen) for 15 min. The RNA pellet 
was solubilized in Nuclease-Free Water and Optical Density was 
measured at 260/280 with a UV spectrophotometer. cDNA was 
synthesized followed by reverse transcription using an oligo (dt) 
primer and M-MuLV reverse transcriptase (Thermo Scientific 
kit). cDNA synthesis was performed using 20 μl reaction (2 μl 
template RNA (0.1 ng - 5 µg), 1 μl oligodT and 9ul, nuclease-
free Water) and reaction mix 8 μl (1 μl reverse transcriptase, 1 μl 
RiboLock RNase Inhibitor, 1 μl dNTPs, 4 μl RT buffer) according 
to standard procedures. The cDNA of the samples were aliquoted 
and stored at -80°C.

Quantitative Real-Time PCR (qPCR)
The expression levels of Nrf2 and NF-κB genes were 
performed with quantitative real-time polymerase chain 
reaction (qRT-PCR) (Rotar-Gene Q, Qiagen). The Nrf2 and NF-
κB genes at transcript level were checked with the following 
primers - Nrf2: F-5′- TCCAGTCAGAAACCAGTGGAT-3′ 
and R-5′ GAATGTCTGCGCCAAAAGCTG-3′; and 
NF-κB: F-5′-CAGATGGCCCATACCTTCAAAT-3’ 
R-5′CGGAAACGAAATCCTCTCTGTT and endogenous 
control, β-ACTIN F-5′-CAGTCGGTTGGAGCGAGCAT-3′ 
and R-5′ GGACTTCCTGTAACAACGCATCT-3′ [43, 44]. The 
total reaction was performed in a 20μl volume with 11 μL of 
2×SYBR Green Master Mix (Qiagen); 0.5 μL of 10 μM forward 
primer; 0.5 μL of 10 uM reverse primer; 2 μL of a 1:10 dilution 
of cDNA template and 6 μl RNase free water. The thermal cycle 
conditions were: 95oC for 2 min (hold), 40 cycles at 95oC for 
10s, 53oC for 15s, 72oC for 25s. The relative gene expression of 
Nrf2 and NF-κB gene between patients vs. controls was calculated 
and normalized against β-ACTIN using the ΔCt method. The 
appropriate positive and negative controls and NTC were included 
in each run. The specificity of amplification was confirmed by 
PCR product run on agarose gel electrophoresis and melt curve 
analysis. The difference of mean Ct values between test and control 
was determined. 2-ΔΔCt was used to calculate the Fold Change 
(FC). Fold change of <1 indicates a down-regulation, while fold 
change of >1 indicates upregulation.

Statistical Analysis
Data were expressed as mean ± SEM. The data were analyzed 
with GraphPad Prism version 8.0.2. (GraphPad Software, Inc., San 
Diego, CA, USA.). The differences between independent groups 
were assessed by Mann Whitney U test and one-way ANOVA. 
Pearson’s correlation coefficient was calculated to examine 
the correlations between variables. Statistical significance was 
accepted at p<0.05.

Results
Relative Expression of Nrf2 and NF-κB Genes
The relative mRNA expressions of Nrf2 and NF-κB gene were 
analyzed separately for CKD (pooled), dialysis, non-dialysis, 
diabetic and non-diabetic CKD patients and compared with 
respective controls. The levels of different genes were represented 
in Fold Change (Table 1, Figure 1A-1E). No significant level of 
expression was observed for Nrf2 in CKD (pooled) (Fc:1.01±0.17) 
and dialysis patients (Fc:1.01±0.18). However, a significant down 
regulation of Nrf2 was observed in non-dialysis patients (Fc:0.80 
±0.29). The significant up regulation of Nrf2 were observed in 
diabetic (Fc:1.13±0.28) and non-diabetic (Fc:1.30±0.29) CKD 
patients.
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Table1: Relative gene expression of Nrf2 and NF-κB in CKD patients
S. No CKD Nrf2 NF-kb p Value

1 Pooled 1.01±0.17 1.27±0.28 0.0001
2 Dialysis 1.01±0.18 1.36±0.39 0.0001
3 Non-Dialysis 0.80±0.29 1.59±0.74 0.041
4 Diabetic 1.13±0.28 0.69±0.34 0.002
5 Non-Diabetic 1.30±0.29 1.92±0.48 0.037

P significance < 0.05 

Figure 1: Relative mRNA Expression of NRF2 and NF- κB in CKD patients (A) Pooled (B)Dialysis (C) non-Dialysis (D) Diabetic 
(E) Non-Diabetic
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Similarly, a significantly up-regulated expression was observed for NF-κB gene in CKD (pooled) (Fc:1.27±0.28), dialysis (Fc:1.36±0.39), 
non-dialysis (Fc:1.59±0.74) and non-diabetic patients (Fc:1.92±0.48). However, in diabetes patients, a significant down-regulation 
for NF-κB gene was observed (Fc:0.69 ±0.34).

Correlation between Nrf2 and NF- κB
A significant positive correlation was observed for Nrf2 and NF-κB gene in dialysis patients (r=0.172; p<0.04). However, a negative 
correlation was observed in non-dialysis patients (r=-0.28; p<0.015). A positive correlation was observed in diabetic patients (r=0.128; 
p<0.548), however, without statistical significance. No significant correlation was observed in non-diabetic patients (r=0.001; p<0.99). 
However, a negative correlation was observed for Nrf2 and NF-κB genes in CKD (pooled) (r =-0.028; p<0.83) patients (Table 2; 
Figure 2).

Figure 2: Correlation between Nrf2 and  NF-κB expression among CKD patients. (A) Pooled (B) Dialysis (C) non-Dialysis (D) 
Diabetic and (E) Non-Diabetic.

Correlation between Nrf2 and NF-κB with IFN-γ Cytokines 
The correlation in the levels of Nrf2 and NF-κB with IFN-γ cytokine in CKD patients was studied and presented (Table 2, Figure 3 
and 4). Significant positive correlations were observed for Nrf2 with IFN-γ in diabetes (r=0.28; p=0.05) and non-diabetic (r=0.37; 
p=0.002) CKD patients. A weakly positive correlation was observed in non-dialysis (r=0.50; p=0.09) CKD patients. No correlation 
was observed in dialysis patients. In the analysis for NF-κB with IFN-γ, a positive correlation was observed in diabetic (r=0.350; 
p=0.100) and non-diabetic (r=0.112; p=0.525), however, without statistical significance. Further, no correlation was observed for 
CKD (pooled) (r=0.003; p=0.977), dialysis (r=-0.04; p=0.73) and non-dialysis (r=0.08; p=0.80) CKD cases. 

Table 2: Correlations analysis of   Nrf2 , NF-kB ,  IFN-γ  and  TNF-α in different subgroups of CKD patients
Correlation Pooled Dialysis Non-Dialysis Diabetic Non-Diabetic

r value p value r value p value r value p value r value p value r value p value
Nrf2 vs NF-kB -0.028 0.833 -0.281 0.01 0.172 0.04 0.12 0.54 0.001 0.99
IFN-γ vs NF-kB 0.003 0.97 -0.04 0.73 0.08 0.80 0.35 0.10 0.11 0.525
IFN-γ vs Nrf2 0.07 0.50 -0.07 0.43 0.50 0.09 0.283 0.05 0.372 0.002
TNF-α vs NF-kB 0.282 0.09 -0.01 0.89 -0.16 0.61 0.36 0.30 0.55 0.77
TNF-α vs Nrf2 0.338 < 0.0001 -0.02 0.83 0.42 0.14 0.25 0.09 0.1322 0.26

P significance < 0.05 
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Figure 3: Correlation between IFN- γ and  NF-kB expression among CKD patients. (A) Pooled (B) Dialysis (C) non-Dialysis (D) 
Diabetic and (E) Non-Diabetic

Figure 4: Correlation between IFN-γ and  Nrf2 expression among CKD patients. (A) Pooled (B) Dialysis (C) non-Dialysis (D) 
Diabetic and (E) Non-Diabetic

Correlation between Nrf2 and NF-κB with TNF-α cytokines 
The correlations between Nrf2 and NF-κB with TNF-α in CKD patients were analyzed and presented (Table 2 and Figures 5 and 
6). A significant positive correlation was observed for Nrf2 with TNF-α in CKD (pooled) (r=0.33; p=0.000) CKD patients. Positive 
correlations were observed for non-diabetic (r=0.132; p=0.26) and non-dialysis CKD cases (r=0.42; p=0.14), however, without 
statistical significance. However, a weakly significant positive correlation was observed in diabetes (r=0.257; p =0.09) patients. No 
correlation was observed in dialysis patients. Similarly, a weakly positive correlation for NF-κB with TNF-α in CKD (pooled) (r=0.282; 
p<0.09) and an insignificant positive correlation in diabetic (r=0.36; p<0.30) and non-diabetic (r=0.55; p<0.77) CKD patients were 
observed. No correlations were observed for dialysis and non-dialysis patients.
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Figure 5: Correlation between TNF- α and  NF-kB expression among CKD patients. (A) Pooled (B) Dialysis (C) non-Dialysis (D) 
Diabetic and (E) Non-Diabetic

Figure 6: Correlation between TNF- α and Nrf2 expression among CKD patients. (A) Pooled (B) Dialysis (C) non-Dialysis (D) 
Diabetic and (E) Non-Diabetic

Discussion
Oxidative stress in CKD leads to the increased production of 
ROS and deficiency of the endogenous antioxidant capacity. 
Several mechanisms contribute to the onset and pathogenesis of 
diabetic nephropathy, including genetic and hemodynamic factors, 
inflammation, oxidative stress, fibrosis, and cytokine signaling 
[45,46]. Generally, Nrf2 maintains cellular microenvironmental 
homeostasis [47]. The increased Nrf2 activity may provide 
cytoprotection against various chronic and inflammatory 
conditions [48,49]. Nrf2, an anti-inflammatory pathway, served 
as a link between inflammatory and metabolic pathways activated 
across multiple etiologies of CKD [50]. Genomic analyses have 
suggested that the expression of Nrf2 can be affecting genes 
involved in cytokines mediated inflammation [51].

We observed that the Nrf2 expression was downregulated in 
non-dialysis patients. It has been documented that high salt 
concentration in the cell leads to the downregulation of Nrf2 mainly 
through a sodium-dependent mechanism in kidney collecting duct 
cells, which might contribute to the excessive renal oxidative 
stress and CKD progression [47]. The downregulation of Nrf2 
mRNA could mainly depend on the effect of Na+ but not Cl– or 
high osmolality. On the contrary, it was reported earlier that Nrf2 
gene expression was decreased in hemodialysis (HD), in CKD 
patients with stages 3b–5, 4/5, and 5 [52,53]. Our present data 
are in concordance with a previous report stating that Nrf2 gene 
expression in CKD stage 3-5 groups was similar to healthy controls 
[54]. The impaired activation of Nrf2 is mainly responsible for 
antioxidant capacity, which is the master regulator of antioxidant 
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and phase-2 detoxifying enzymes and related proteins [55-57].

NF-κB is highly expressed in CKD patients, playing a pathogenic 
role in mediating chronic inflammation [58]. Our data revealed 
the up-regulation in the expression of NF-κB in CKD patients, 
dialysis, non-dialysis and non-diabetes groups. However, in 
diabetes groups, dysregulation of NF-κB was seen. It has been 
documented that, NF-κB is activated in patients with kidney 
disease such as diabetic nephropathy, glomerular disease, and 
animal models of renal inflammation and injury [59-60,39]. The 
mRNA expression profiles across multiple etiologies of CKD 
revealed up-regulation of pro-inflammatory genes, including 
human leukocyte antigen isoforms, toll-like receptors 1 and 3, 
and NF-κB [50].

Understanding the association between Nrf2 and NF-κB is very 
complex and not completely elucidated [61]. A previous study 
revealed enhanced NF-κB activity and expression of inflammatory 
genes in response to different insults in Nrf2 knockout mice than 
the corresponding wild-type mice. Our data documented that 
the expression of Nrf2 was negatively correlated with NF-κB 
expression in dialysis patients. It has also been documented that 
activation of Nrf2 produces a wide variety of anti-inflammatory 
effects, including lowered NF-κB pathway [62]. In concordance 
with a previous report, Nrf2 was positively correlated with NF-κB 
expression in non-dialysis patients [63].

NF-κB is a potent mediator stimulated by several cytokines, such 
as TNF-α and IL-1, involved in various inflammatory diseases 
[64]. Our study reported a positive correlation of TNF-α and 
NF-κB in CKD patients (pooled). Earlier studies have revealed 
that ischemia-reperfusion stimulate the production of TNF-α in 
an NF-κB-dependent manner, and TNF-α binds to its receptor 
to stimulate NF-κB activation, thereby providing a positive 
feedback mechanism of NF-κB regulation [65]. NF-κB is having 
opposite roles at different stages of inflammation [66]. During 
initiation, NF-κB stimulates inflammatory mediators such as 
TNF-α, angiotensin II and monocyte chemoattractant protein-1 
(MCP-1). In contrast during resolution, NF-κB down-regulates 
inflammatory genes up-regulate anti-inflammatory genes and 
induce apoptosis of leukocytes. Thus, the NF-κB dynamics is a 
complex process in inflammatory events.

TNF-α has been demonstrated to be cytotoxic to glomerular 
mesangial and epithelial cells, to induce kidney damage [67,68], and 
to affect glomerular hemodynamics and GFR [69]. Previous studies 
have documented in experimental models of DKD, an increased 
level of TNF expression in glomerular and proximal tubular 
epithelial cells and renal interstitial fluid, leading to an increase in 
urinary albumin excretion [70-72]. TNF-α has been involved in the 
development of renal hypertrophy and glomerular hyperfiltration 
in early DKD [73,74]. In the present study, we reported a positive 
correlation of NF-κB and Nrf2 with TNF-α in diabetic and non-
diabetic CKD patients. It has been documented that upon NF-κB 
signaling, TNF-α can induce transcription of cytokines that influence 
cell survival, proliferation, adhesion, inflammatory response and 
apoptosis [75,76]. Further, to understand the mechanism of Nrf2 
and NF-κB gene research is needed for gene expression analysis 
together with cytokine dynamics to understand the impact of Nrf2 
and NF-κB in CKD pathogensis.

Conclusion
The study confirmed the down regulation of master regulator 
factor Nrf2 and upregulation of NF-κB in non–dialysis patients. 

However, in diabetic CKD patients, expression levels were just 
reversed. Correlation analysis between these transcription factors 
and cytokines such as IFN-γ and TNF-α revealed significant 
association between Nrf2 and IFN-γ in diabetic, non-diabetic 
and Nrf2 and TNF-α in CKD (pooled) patients. Thus, the study 
clearly revealed opposing tendencies in CKD aetiopathogenesis. 
Further, to understand the regulatory mechanisms of Nrf2 and 
NF-κB, a multicentric research is needed to completely elucidate 
the molecular aetiopathogenesis events leading to CKD. 
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