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Abstract

Purpose To evaluate nuclear factor erythroid 2-related
factor 2 (Nrf2) and nuclear factor-kappaB (NF-kB) mRNA
expression in nondialysis chronic kidney disease (CKD)
patients, comparing with data from hemodialysis (HD)
patients and healthy individuals.

Methods Twenty nondialysis CKD patients
(62.0 £ 8.1 years old, 11 men, estimated glomerular fil-
tration rate of 36.8 + 13.6 mL/min/1.73 m?), twenty
HD patients (55.0 &= 15.2 years old, 13 men, and dialysis
vintage of 76.5 £ 46.3 months) and eleven healthy indi-
viduals (50.9 £ 8.0 years old, 6 men) were enrolled in
the study. The peripheral blood mononuclear cells were
isolated and processed for the evaluation of expression
of NF-kB and Nrf2 by quantitative real-time polymerase
chain reaction.

Results Nrf2 mRNA expression was significantly higher
in nondialysis (1.12 + 0.57) when compared to HD
patients (0.58 £ 0.35, p = 0,006) but similar to healthy
individuals (1.13 &£ 0.64). Inversely, NF-kB mRNA expres-
sion was lower in nondialysis (1.21 £ 0.71) when com-
pared to HD patients (2.08 &+ 0.7, p < 0.0001) and simi-
lar to healthy individuals (1.04 £ 0.22). Nrf2 mRNA was
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positively correlated with NF-kB mRNA expression in
nondialysis CKD patients (r = 0.52, p = 0.02) and healthy
individuals (r = 0.77, p < 0.006). By contrast, Nrf2 mRNA
was inversely correlated with NF-kB mRNA expression
(r = —0.65, p = 0.003) in HD patients.

Conclusion Nondialysis CKD patients may conserve reg-
ular homeostatic balance between Nrf2 and NF-kB expres-
sions, being comparable to healthy individuals. However,
HD patients seem to have Nrf2 downregulation and NF-kB
upregulation. Thus, the association among Nrf2 and NF-kB
expressions and nutritional status, kidney disease progres-
sion or immune deregulation deserve further investigation.

Keywords Chronic kidney disease - Inflammation -
Nrf2 - NF-«B

Introduction

Nuclear factor erythroid 2-related factor 2 (Nrf2) has been
known as an important transcriptional activator for antioxi-
dant genes [1]. Its transcriptional activity is controlled by
the cytoplasmic protein inhibitor Kelch-like ECH-associ-
ated protein 1 (Keapl). When cells are exposed to electro-
philes or reactive oxygen species (ROS), Nrf2 is released
from Keapl cytoplasmic capture, leading to its transloca-
tion to the nucleus where Nrf2 activates transcription of tar-
get genes that encode antioxidant and phase II detoxifying
enzymes, as NADPH quinone oxidoreductase-1 and heme
oxygenase-1 [2—4]. Nrf2 activation also produces a variety
of anti-inflammatory effects through modulation of nuclear
factor-kappaB (NF-kB), a transcription factor that regulates
transcription of several genes encoding pro-inflammatory
cytokines, chemokines, and leukocyte adhesion molecules
[3,5-7].
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Chronic kidney disease (CKD) is associated with
immune deregulation, systemic inflammation and oxida-
tive stress, which promote cardiovascular disease. Recent
studies addressed the role of impaired Nrf2 activity in the
pathogenesis of these complications in nephrectomized
animals [8, 9]. However, in CKD patients, the clinical rel-
evance of Nrf2 has yet to be investigated. Zaza et al. [10]
demonstrated that Nrf2 was upregulated in peritoneal dialy-
sis. Inversely, Pedruzzi et al. [11] showed that Nrf2 gene
expression is downregulated and possibly associated with
oxidative stress and inflammation observed in hemodialysis
(HD) patients.

Nrf2 is also related to important antifibrotic effects in
the kidney and could attenuate the pathophysiological tis-
sue remodeling observed in the course of CKD [12]. Thus,
considering the potential beneficial effects of Nrf2 in CKD
progression and the paucity of data about Nrf2 system in
nondialysis CKD patients, this study aimed to investigate
mRNA expression of Nfr2 and NF-kB in this population of
patients, comparing the results with those obtained in HD
patients and a group of healthy individuals.

Subjects and methods

This is a cross-sectional analysis of 20 nondialysis CKD
patients, 20 HD patients and 11 healthy individuals. Non-
dialysis patients were treated at Hospital da Lagoa (Rio
de Janeiro, Brazil), and HD patients were enrolled from
Clinica Nefrolégica (Niterdi, Rio de Janeiro, Brazil).
Inclusion criteria were age higher than 18 years and glo-
merular filtration rate <60 mL/min/1.73 m? (nondialy-
sis patients) and HD treatment for at least 6 months (HD
patients). Patients with autoimmune/inflammatory diseases,
known malignancies, active infections, AIDS, smokers and
patients using shunts or central catheters as blood access
for HD were excluded. The dialysis treatment consisted
of 3.5-4.5 h/session three times a week with a blood flow
greater than 300 ml/min, dialysate flow of 500 ml/min, and
the use of bicarbonate buffer.

The etiologies of renal disease of patients from both
nondialysis and HD group were hypertensive nephrosclero-
sis (29 of 40), diabetic nephropathy (3 of 40), chronic glo-
merulonephritis (2 of 40), polycystic kidney disease (2 of
40), and other diseases or unknown cause (4 of 40).

The patients studied were compared to eleven indi-
viduals without any disease and not on any medication.
These healthy individuals were mainly the staff members
of the dialysis unit. The institutional review board of the
Faculty of Medicine of the Fluminense Federal Univer-
sity approved all the procedures of the study, which were
explained to patients and controls who gave their written
informed consent.
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Analytic procedures and sample processing

Blood samples were drawn from each subject in the morn-
ing, after overnight fasting and before the dialysis session
(for HD patients) using syringe containing EDTA (1.0 mg/
mL) as anticoagulant. Plasma was separated (15 min,
3000x g, 4 °C) and stored at —80 °C until analysis.

To obtain the peripheral blood mononuclear cells
(PBMCs), blood samples with EDTA were diluted in PBS
and cells were separated in 5 mL ficoll gradient (lympho-
cyte isolation solution, Axis-Shield, Oslo, Norway) by cen-
trifugation at 800 g for 20 min. PBMCs were collected and
washed twice with cold PBS and re-suspended and stored
(—80 °C) with 1 mL of recovery cell culture freezing (Inv-
itrogen) for RNA isolation.

Quantitative real-time PCR analysis

Nrf2 and NF-kB mRNA levels were assessed in PBMCs
using quantitative real-time polymerase chain reaction
(qRT-PCR). PBMCs were isolated from blood and RNA
was extracted with SV Total RNA Isolation System (PRO-
MEGA). The cDNA was synthesized with the high-capac-
ity cDNA reverse transcription kit (Applied Biosystems).
One pg of RNA was reversed transcribed using random
primer and MultiScribe reverse transcriptase. Real-time
PCR amplifications reactions were performed in dupli-
cate in 20 ul of final volume via TagMan Gene Expres-
sion Assays on ABI Prism 7500 Sequence Detection Sys-
tem (Applied Biosystems). PCR protocol was performed
using TagMan Primer Assays (Applied Biosystems) for
Nrf2 (Hs00975961_g1), NF-kB (Hs00765730_m1) and the
control gene, GAPDH (Hs02758991_g1): 500C for 2 min,
950C for 10 min and 40 two-step cycles: 950C for 15 sec
and 600C for 1 min. The expression of Nrf2 and NF-kB
mRNA was normalized against ABL1, and the expression
level was calculated using the AACT (delta delta threshold
cycle) method. The ratio Nrf2/NF-kB was also determined.

Biochemical and anthropometrics data

Blood urea nitrogen (BUN), creatinine and albumin were
determined through Bioclin® kits by automatic biochemi-
cal analyzer (Bioclin BS-120 Chemistry Analyzer). Tumor
necrosis factor-alpha (TNF-a) was measured by ELISA
using R&D systems® duoset kits (DY 210, Minneapolis,
MN, USA). Estimated glomerular filtration rate (eGFR)
was obtained with CKD-EPI (Chronic Kidney Disease Epi-
demiology Collaboration) creatinine equation [13]. Dialy-
sis dose (Kt/V) was calculated from values of BUN, pre-
and post-dialysis, body weight, and dialysis duration using
standard formula [14].
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Table 1 Demographic data of studied groups

Parameters Nondialysis patients (n = 20) HD patients (n = 20) Healthy individuals (n = 11)
Age (years) 62.0 £ 8.1 549 +£15.2 50.9 £ 8.0

Men/women (n) 11/9 13/7 6/5

BMI (kg/m?) 27.7 + 4.9%° 236429 235+ 1.9

Dialysis vintage (months) - 76.5 £46.3 -

HD hemodialysis, BMI body mass index

2 p <0.05 between nondialysis patients and HD patients; ® p < 0.05 between nondialysis patients and healthy individuals

The body mass index (BMI) was calculated as the dry
body weight (Kg), obtained after HD sessions, divided by
the squared height (m) [15].

Statistical analysis

All data were analyzed for the normality distribution using
the Shapiro—Wilk test. Data are expressed as mean =+ stand-
ard deviation (SD) or median (interquartile range). ANOVA
was used to examine the difference between continuous
data. The Pearson or Spearman correlation coefficient was
calculated to examine the relationship between variables.
Statistical significance was accepted as p < 0.05. Statisti-
cal analyses were performed using the SPSS 19.0 software
(SPSS, Inc., Chicago, IL, USA).

Results

Demographic data of studied groups are presented in
Table 1. Age and gender were not different among healthy
individuals, HD and nondialysis CKD patients. How-
ever, BMI was higher for HD patients; but it was not
related to others studied variables, except for age (r = 0.4,
p = 0.008).

Biochemical characteristics of nondialysis and HD
patients are summarized in Table 2. Forty percent of non-
dialysis CKD patients was in stage 3B (eGFR between 30
and 44 mL/min/1.73 m?), 30 % in stage 3A (eGFR between
45 and 59 mL/min/1.73 m?) and 30 % in stage 4 (eGFR
between 15 and 29 mL/min/1.73 m?). As expected, BUN
and creatinine were higher in HD patients. For HD patients,
dialysis dose was adequate (>1.2).

In nondialysis patients, Nrf2 mRNA expression was
markedly higher and, in contrast, NF-kB mRNA expres-
sion was lower when compared to HD patients. Interest-
ingly, mRNA expressions of Nrf2 and NF-kB were simi-
lar between nondialysis patients and healthy individuals
(Fig. 1). Moreover, it was not observed difference in Nrf2/
NF-kB ratio between nondialysis patients and healthy indi-
viduals (Table 3). Nrf2 expression was positively corre-
lated with NF-kB in nondialysis CKD patients (r = 0.52,

Table 2 Biochemical characteristics of nondialysis and hemodialysis
patients

Parameters Nondialysis patients ~ HD patients (n = 20)
(n=20)
Albumin (g/dL) 40+04 3.8+£0.5
Urea nitrogen (mg/dL) 70.3 4 26.1% 142.1 £27.7
Creatinine (mg/dL) 2.1 £0.9* 84+£26
eGFR (mL/ 36.8 £ 13.6 -
min/1.73 m?)
KtV - 1.57+04
TNF-a (pg/mL) 21.6 + 0.34* 410t 11.6

HD hemodialysis, eGFR estimated glomerular filtration rate, Kt/V
dialysis dose, TNF-o tumor necrosis factor-o

* p < 0.05
3 Health Individuals
I Non-dialysis CKD Patients
W HD patients
2.5 = *
L ) * L
R SE—
2.0 4
*
1'5 A L] * L}
r——
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0.5
0.0
Nrf2 NfxB

Fig. 1 Nrf2 and NF-kB mRNA expression in healthy individuals,
nondialysis and hemodialysis patients (*p < 0.05)

p = 0.02) and healthy individuals (» = 0.77, p = 0.006).
However, in HD patients this association was inverse
(r = —0.65, p = 0.003) (Fig. 2).

NF-kB expression was positively associated with cre-
atinine (r = 0.52, p = 0.001, » = 40) and BUN Ilevels
(r =04, p = 0.02, n = 40). In contrast, Nrf2 expression
was correlated negatively with creatinine levels (r = -0.37,
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Table 3 mRNA expression

Nondialysis patients (n = 20)

HD patients (n = 20) Healthy subjects (n = 11)

: ) ) Parameters
levels in nondialysis,
hemodialysis patients and Nrf2 112 + 0.57°
healthy subject
calthly stbjects NF-kB 121 +0.71°

Nrf2/NF-kB ratio

0.86 (0.67-1.36)*

0.58 + 0.36°
2.08 + 0.70°
0.24 (0.1-0.51)°

1.13 £ 0.64
1.04 £0.22
0.88 (0.82-1.19)

HD hemodialysis

@ p <0.05 between nondialysis and HD patients; ® p < 0.05 between HD patients and healthy subjects
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Fig. 2 Correlation between Nrf2 and NF-kB expression in nondialysis chronic kidney disease patients (r = 0.52; p = 0.02) and hemodialysis

patients (r = —0.65, p = 0.003)

p = 0.02, n = 40). TNF-a plasma levels was negatively
correlated with Nrf2 expression (r = —0.4, p = 0.008,
n = 40) and positively with NF-kB expression (r = 0.4,
p = 0.01, n = 40). Although patients have presented differ-
ent BMI values, it was not associated with NF-kB and Nrf2
expression.

Discussion

This study demonstrated that Nrf2 and NF-kB gene expres-
sions in nondialysis patients were comparable to healthy
subjects. Nondialysis patients presented high Nrf2 and low
NF-kB mRNA expression when compared to HD patients.
Moreover, Nrf2 was positively correlated with NF-kB
expression in nondialysis patients, which is at odds with
data from HD patients.

The interaction between Nrf2 and NF-kB is very com-
plex and not completely understood [1]. Under physiologi-
cal conditions, oxidative stress triggers upregulation of the
endogenous antioxidant and cytoprotective proteins and
enzymes via Nrf2 activation [3, 4, 8]. In turn, Nrf2 activa-
tion produces a wide variety of anti-inflammatory effects,
including lowered NF-«kB pathway [1]. However, recent
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experimental evidence indicates that NF-kB may directly
repress Nrf2 signaling at the transcriptional level [16].
This is based on the observation that the active subunits
of NF-kB (P65 and P53) could interfere with the dissoci-
ation of Nrf2 from its repressor molecule, Keap 1, in the
cell cytoplasm and with binding of Nrf2 to the antioxidant
response elements of the target genes in the cell nucleus [8,
9, 17-19].

The upregulation of NF-kB and its active subunit P65 by
indoxyl sulfate, a uremic toxin, exemplifies the exacerba-
tion of inflammatory status in renal disease [20]. In addi-
tion, the impaired Nrf2 activity in HD patients can also be
explained by the prominent systemic inflammation caused
by intermittent blood exposure to extracorporeal circuit and
its consequences (membrane biocompatibility, dialysate
backflow and endotoxemia) [21]. Hence, both the state of
uremia and several dialysis related pro-inflammatory stim-
uli might be crucial determinants of NF-kB and Nrf2 gene
expression profile. In this regard, it is reasonable to com-
pare healthy individuals with CKD patients at early stages,
not on dialysis.

At a molecular level, inflammation is induced through
activation of pattern recognition receptors, exogenous
pathogen-associated molecular patterns (PAMPs) or
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endogenous  damage-associated molecular  patterns
(DAMPs) [22, 23]. In HD patients, the uremia per se,
dialysis procedure and CKD complications are associated
with immunity disturbances [24]. In this sense, it has been
observed that the contact of PBMCs with short bacterial-
derived DNA fragments [25], a PAMP, and with apoptotic
cell-free DNA [26], a DAMP, are associated with inflam-
mation in HD patients. Recently, Elefhteraidis et al. [23]
also observed an association between inflammation and the
mitochondrial protein cytochrome c, a marker of released
mitochondrial DAMPs. Thus, this chronic pro-inflamma-
tory state could explain the increased NF-kB and decreased
Nrf2 in PBMCs of HD patients and reinforce the immune
deregulation that characterizes the HD population [24].

Two studies evaluated Nrf2 gene expression in CKD
patients undergoing dialysis. Pedruzzi et al. [11] found
reduced Nrf2 gene expression in HD patients compared
to healthy individuals. On the other hand, Zaza et al.
[10] observed upregulation of Nrf2 gene expression in
PBMCs and its nuclear extracts in 15 peritoneal dialy-
sis (PD) patients when compared to healthy subjects. For
PD patients, intraperitoneal and systemic inflammation
reflect different processes and consequences [27] and these
independent findings could explain the discrepant results
reported for HD and PD patients. For nondialysis CKD
patients, data about Nrf2 expression were absent until now.
Thus, studies on Nrf2 regulation and its effects in CKD
patients are still needed.

Nrf2 antioxidant system may have a protective role
against CKD progression due to its modulation of trans-
forming growth factor B1 (TGFB1), a profibrogenic
cytokine [12]. TGFp is related to renal disease by regulat-
ing the expression of epithelial-to-mesenchymal transition-
related genes and by elevating extracellular matrix protein
genes [28]. Regarding NF-kB, its higher activity in glomer-
ulus could explain the increased susceptibility to injury and
development of glomerulosclerosis [29]. In fact, the present
study observed a direct correlation among NF-kB and BUN
and creatinine levels when all of CKD patients were ana-
lyzed. Moreover, there was an inverse correlation between
Nrf2 and creatinine levels. As serum levels of creatinine
could be affected by muscle mass (mainly in HD patients),
the association between Nrf2 and renal disease progression
or nutritional status deserves further investigation.

Although phase III clinical trial of bardoxolone methyl,
a potent synthetic activator of Nrf2, in type 2 diabetes and
stage 4 CKD patients has failed due to safety issues [30]
probably caused by modulation in endothelin pathway
[31], experimental studies reinforce the beneficial effects
of Nrf2 on renal disorders through modulation of fibrogen-
esis [12]; attenuation of hyperglycemia-induced renal dam-
age by ROS neutralization and TGFp1 regulation [32]; and

attenuation of oxidative stress and improvement of renal
lesion and endothelial function [8, 33].

Dietary compounds targeting Nrf2 activation also pre-
sented beneficial results to attenuate renal damage and
preserve renal function [34]. Sulforaphane, a compound
found in vegetables, improves nephropathy in streptozo-
tocin-induced diabetes animals [35]. Epigallocatechin-
3-gallate, a polyphenol compound found in green tea,
attenuates renal lesions in animals with systemic lupus
erythematosus [36], in the mouse model of rapidly pro-
gressive glomerulonephritis [37], and in animals with cis-
platin-induced acute kidney injury [38]. Curcumin, a natu-
ral Nrf2 inducer, isolated from turmeric, protects against
chromium-induced nephrotoxicity in experimental animals
[39]. Hence, it is conceivable to suggest that in the future,
Nrf2 modulation may become a valuable point for thera-
peutic intervention in order to reduce progression and clin-
ical complications in CKD patients undergoing conserva-
tive treatment [12, 40].

The present study has some limitations. Firstly, the
results were generated in a cross-sectional design from a
small but well selected patient population. Thus, the infer-
ences about causality between genes expressions and kid-
ney disease progression could not be established. Secondly,
Nrf2 gene expression was not measured specifically in
cell nucleus, where Nrf2 acts through activation of target
genes [2—4]. Thirdly, gene expression of Keap 1, antioxi-
dant enzymes and cytokines were not performed. Fourthly,
Western blot should be performed to identify these specific
proteins.

As conclusion, the results from this study revealed for
the first time the Nrf2/NF-kB profile gene expression in
nondialysis CKD patients, which is comparable to healthy
individuals. In HD patients, the high NF-kB expression and,
conversely, the reduced Nrf2 gene expression by PMBCs
could be related with the prominent systemic inflammation
or immune deregulation. Moreover, the inverse association
between Nrf2 and creatinine pointed that kidney disease
progression or nutritional status could be associated with
Nrf2 regulation. Nevertheless, further studies are necessary
to better delineate the biological and biochemical mecha-
nisms involved in the regulation and effects of Nrf2 and
NF-«kB gene expression.
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