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Abstract

Both excessive production of reactive oxygen species (ROS) and impaired antioxidant fun-
ction are found in patients with chronic kidney disease (CKD). Therefore, individual suscep-
tibility towards CKD can be induced by functional variations of genes encoding antioxidant
regulatory (nuclear factor erythroid 2 - related factor 2 (Nrf2)) and catalytic (superoxide di-
smutase (SOD2) and glutathione peroxidase (GPX1)) proteins. Several types of single nuc-
leotide polymorphisms (SNPs) have been found within the genes encoding these proteins,
with Nrf2 (-617C/A), SOD2 (Alal16Val) and GPX1 (Pro198Leu) conferring impaired catalytic
activity. The most unexplored gene polymorphism in CKD susceptibility, progression and
survival, with only two original studies published, is the Nrf2 (-617C/A) polymorphism. The
results of these studies showed that there was no individual impact of this polymorphism on
the susceptibility towards end stage renal disease (ESRD) development, oxidative phenotype
and mortality. However, Nrf2 had a significant role in ESRD risk and survival, when combi-
ned with other antioxidant genes. The results regarding the impact of SOD2 (Alal6Val) and
GPX1 (Pro198Leu) polymorphisms on either CKD or ESRD are still inconclusive. Namely,
some studies showed that patients having variant SOD2 (Val) or GPX1 (Leu) allele were at
increased risk of CKD development and progression, while other studies reported only weak
or no association between these polymorphisms and CKD. Surprisingly, the only study that
reported an association of GPX1 polymorphism with overall/cardiovascular survival in ESRD
patients showed a significant impact of low activity GPX1 (Leu/Leu) genotype on better sur-
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Sazetak

Hroni¢nu bubreznu slabost (HBS) karakteri$u prekomerno stvaranje slobodnih radikala
i smanjenje antioksidativne zastite. Stoga razlike u individualnoj podloznosti HBS mogu
daleze u funkcionalnim varijacijama gena koji kodiraju regulatorne i kataliticke antioksi-
dativne proteine, poput Nrf2, superoksid dizmutaze (SOD) i glutation-peroksidaze (GPX).
Identifikovano je viSe razli¢itih polimorfizama u okviru gena koji kodiraju ove enzime, po-
put Nrf2 (-617C/A), SOD2 (Alal16Val) and GPX1 (Pro198Leu) i koji dovode do promena u
njihovoj aktivnosti. Do sada najmanje ispitan polimorfizam od navedenih u podloznosti,
progresiji bolesti i prezivljavanju u HBS je Nrf2 (-617C/A). Rezultati dve studije koje su
ispitivale navedeni polimorfizam ukazaju da ne postoji individualna povezanost ovog po-
limorfizma sa rizikom za nastanak terminalne bubrezne slabosti (TBS), oksidativnim fe-
notipom ni prezivljavanjem. S druge strane, Nrf2 je imao znacajan uticaj na rizik za nasta-
nak TBS i prezivljavanje u kombinaciji sa polimorfizmima drugih antioksidativnih gena.
Rezultati istrazivanja koji se odnose na povezanost SOD2 (Alal6Val) i GPX1 (Pro198Leu)
polimorfizama i HBS su kontradiktorni. S jedne strane, pokazano je da pacijenti koji su
nosioci manje aktivnih SOD2 (Val) ili GPXI (Leu) alela imaju ve(i rizik za razvoj i pro-
gresiju HBS. Ipak, druge studije ukazuju na odustvo povezanosti ovih polimorfizama sa
HBS. Rezultati jedinog istrazivanja, u kome je ispitivana povezanost GPX1 polimorfizma i
prezivljavanja (ukupnog i kardiovaskularnog) kod pacijenata sa TBS, pokazali su znac¢ajan
uticaj GPX1 (Leu/Leu) genotipa na duze prezivljavanje. Rezultati prikazani u ovom radu
mogu biti od znacaja kako bi se dale preporuke za dalja klini¢ka i translaciona istrazivanja.
Razvoj istrazivanja u oblasti polimorfizama antioksidativnih gena kod pacijenata sa HBS-
om moze doprineti boljoj stratifikaciji ovih pacijenata na osnovu panela antioksidativnih
gena. Takav panel bi mogao da bude dalje kori$¢en u kontekstu predvidanja prezivljavanja
CKD pacijenata, $to bi takode doprinelo razvijanju personalizovanog pristupa u njihovom
le¢enju, ukljuc¢ujuci primenu ciljane antioksidativne terapije.

Introduction

Chronic kidney disease (CKD) is a multifactorial
disorder which is comprised of a broad range of adver-
se outcomes, accompanied with poor quality of life and
high medical costs. CDK is a syndrome characterised by
structural and/or functional kidney abnormalities, which
persist for more than 3 months, or decreased glomerular
filtration rate (GFR) below 60 mL/min/1.73 m?, irrespe-
ctive of the underlying cause (1). With regard to GFR,
CKD is classified into five stages (G1 - G5). The final stage
of CKD is called end stage renal disease (ESRD), which
occurs when GFR drops below 15 mL/min per/1.73 m?
(stage G5) (1). At this point, kidney function is severely
compromised and kidney replacement therapy is required.
Therefore, CKD and its final stage, ESRD, are accompa-
nied with excessive morbidity and mortality, mostly due
to the cardiovascular complications and cancer (2-4).
Oxidative stress has been demonstrated as of the main
contributing factors to CKD pathogenesis, as well as its
long term complications (5-9).

Oxidative stress can be described as a disturbance
in the balance between the prooxidants and antioxidants,
where prooxidant insults predominate (10, 11). Previously,
oxidative stress was conceptualized as pertaining to mole-
cular damage (10). However, new findings paved the way
towards the understanding of oxidative stress as relevant
for redox signalling, as well (11). Both excessive producti-
on of reactive oxygen species (ROS) and impaired antio-
xidant function are frequently reported in CKD patients.

Several factors potentiate oxidative burden in CKD. Some
of these factors include the following: accumulated uremic
toxins, iron therapy, mitochondrial dysfunction, endopla-
smic reticulum stress, as well as the increase in oxidative
enzymes activity (myeloperoxidase, nicotinamide adeni-
ne dinucleotide phosphate-oxidases, xanthine oxidase)
and endothelial nitric oxide synthase (eNOS) uncoupling
(8, 12-17). Moreover, in ESRD patients, the increased ge-
neration of ROS is strongly mediated by haemodialysis
treatment itself, mostly due to membrane bio-incompati-
bility and endotoxin (LPS) release (17, 18). On the other
hand, antioxidant systems, including non-enzymatic (thi-
ol, vitamin C, vitamin E), as well as enzymatic systems (su-
peroxide dismutase (SOD), glutathione peroxidase (GPX),
catalase (CAT)) are both impaired or deficient in patients
with CKD (19-22). The antioxidant loss in CKD patients
may be a consequence of the therapy with diuretics, illne-
ss-specific diet, as well as decreased intestinal absorption
(23). Additionally, the haemodialysis in ESRD patients
leads to solute loss, including loss of hydrophilic non-en-
zymatic antioxidants (19, 24, 25). The excessive produ-
ction of free radicals induces oxidative (OH-), nitrosati-
ve (ONOO-) and chlorinative (OCl-) modifications of
proteins, lipids and DNA, resulting in cellular and tissue
injury (17, 22, 26-29). Indeed, heightened levels of oxida-
tion markers of proteins, lipids and DNA damage have all
been consistently reported in studies comparing clinical
CKD population with healthy controls (30, 31). Oxidative
stress is a mediator of progressive deterioration of kidney
function, as well as of cardiovascular, neurological and
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other complications in these patients: it is involved in the
pathophysiology of endothelial dysfunction and atherosc-
lerosis, hypertension, reduced erythrocyte half-life, and
inflammation (7, 9, 32).

Excessive oxidative stress in patients with CKD
could be related to specific genetic patterns (17). Namely,
genetic polymorphisms of regulatory (nuclear factor eryt-
hroid 2-related factor 2 (Nrf2)) and catalytic antioxidant
proteins (SOD2 and GPX1) result in alteration in their
proteins activity profile, hence affecting individuals an-
tioxidant capacity (33-36). In this comprehensive review,
the focus was on the studies examining significance and
roles of single nucleotide polymorphisms (SNPs) of Nrf2,
SOD2 and GPX1 genes in CKD susceptibility and pro-
gnosis, outlining their importance and potential for clini-
cal application.

NRF2 Polymorphism and CKD

Nrf2 is a cytoprotective transcription factor which
regulates basal activity, as well as the coordination of in-
duction of a broad range of genes encoding antioxidant
and detoxifying enzymes (SOD, CAT, GPX, glutathione
S-transferase (GST), thyroredoxin, etc.) (30, 37-41). It
binds to a Kelch-like ECH-associated protein 1 (Keapl) in
the cytoplasm (39, 42, 43). Keapl, in turn, promotes the
ubiquitination and proteasomal degradation of Nrf2 (38,
42, 44, 45). Several reactive cysteine residues present in
Keapl can be modified by electrophilic and oxidative in-
sults which leads to the dissociation of Nrf2 from Keapl
and its transport to the nucleus, where it binds to the re-
gulatory sequences, called antioxidant response elements
(AREs) (17, 38, 41, 42, 44-46). AREs are located in the
promoter region of an array of antioxidant and detoxifying
genes (38, 41, 47). Therefore, Nrf2 has a critical position in
cellular protection, orchestrating the expression of afore-
mentioned genes (46, 48).

Increasing evidence from animal models supports

the crucial impact that Nrf2 has on renoprotection and
kidney disease pathogenesis (30). Namely, animal models
with 5/6 nephrectomy-induced CKD had a marked decli-
ne in nuclear Nrf2, in contrary to the expected Nrf2 acti-
vation and upregulation (46). This points to the impaired
remnant kidney capacity to deal with the oxidative stress
and inflammation (17, 46). Experimental data showing the
influence of Nrf2 in diabetic nephropathy was also repor-
ted by other researchers (30, 49, 50). In a model of strep-
tozotocin-induced diabetes, Jiang et al. found that Nrf2-
knockout mice had higher ROS levels and consequently
higher DNA oxidative damage in glomeruli that wild-type
mice (17, 50). Furthermore, Nrf2 - knockout experimen-
tal animals developed a lupus - like autoimmune nephritis
(46, 51, 52). In addition, in a model of ischemia - reperfu-
sion injury, Nrf2 - knockout mice had a greater decline in
renal function and shorter survival than wild - type mice
(30, 53). On the other hand, the administration of Nrf2
activators, including resveratrol, curcumin, sulforaphane
and bardoxolone methyl, can be protective against kidney
dysfunction in CKD (30, 54). Therefore, studies using ani-
mal models with targeted deletion of Nrf2 have provided
insights into the role of Nrf2 in kidney disease pathoge-
nesis (30, 55). Subsequent studies investigating the gene-
tic and molecular function of human Nrf2, including the
relationship of Nrf2 polymorphisms with the CKD and its
final stage - ESRD, have emerged recently (54 - 56).
Human Nrf2 is positioned on the cytogenetic band
2q31.2 of chromosome 2 (55, 57). Numerous SNPs have
been found in the Nrf2 gene (33, 42, 55, 58). Of special
importance is the functional Nrf2 rs6721961 polymorp-
hism, located in the promotor region of the gene, which
is characterised by a C > A substitution (33). It affects
ARE-like promoter binding sites, attenuating the efficient
binding of this transcription factor to AREs (33, 58). This
results in a reduction in the Nrf2 transcription activity,
and a consequent decrease in Nrf2-dependent antioxidant
and detoxifying gene transcription (33). So far, only two
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Figure 1. Nrf2 gene
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research studies (table 1) have reported the association
of Nrf2 (-617C/A) polymorphism, either with the level of
oxidative stress biomarkers in plasma of ESRD patients
(54), or the susceptibility towards ESRD development and
prognosis (54, 56). In the study conducted on 256 Serbian

Even though aforementioned studies contributed to
clearer positioning of Nrf2 polymorphisms in the overall
picture of complex interactions present in ESRD, there are
still numerous unexplored issues in this field. Ongoing,
promising developments in therapeutic interventions are

Table 1. The association of SOD2, GPX1 and Nrf2 polymorphisms with CKD risk, progression and mortality

Reference  Location  Study group SOD2 rs4880 GPXI1 rs1050450 Nrf2 rs6721961
Ala/Val and Val/Val
185 CKD L L . .
Crawford et Australia atients genotypes had a significantly No significant association with NR
al. 2011. b greater eGFR decline compared the progression of CKD
to those with the Ala/Ala genotype
Crawford et . 2.30 CKD No significant association with L(?u/Leu geno type was .
al 2012 Australia  patients / 224 CKD risk associated with increased risk NR
’ ’ controls of CKD and lower eGFR
Shimovama 216 ESRD No significant association
etal 2}1)1 4 Japan  patients / 464 NR NR with ESRD risk, overall and
’ ’ controls cardiovascular survival
No individual significant
671 ESRD association with ESRD risk.
Chao et al. China atients / 780 Ala/Ala genotype was associated ~ GPX1 Leu/Leu genotype was NR
2016. P trol with increased risk of ESRD associated with increased risk
controts of ESRD when combined with
PPAR - y G/G genotype.
Abbasi et al. Iran ai?e(:ltcslflzjs 0 Val/Val genotype was associated NR NR
2018. P with increased risk of CKD
T2D controls
No individual significant No i.nQiVidu.al signiﬁcar}t
association with ESRD risk. as;):fgl tgzw;ilofsgzsk'
Val/Val genotype was associated ~ GPX1 Leu/Leu genotype was associated wi%h inc};g ased risk
. 256 ESRD with increased risk of ESRD. associated with increased risk .
Jerotic et al. . . . e . . . of ESRD when combined
Serbia  patients /374  No significant association with ~ of ESRD when combined with .
2019. . with SOD2 Val/Val genotype.
controls overall and cardiovascular SOD2 Val/Val genotype. Nif2 (C/C) genotype was
survival. GPX1I (Leu/Leu) genotype . | ECNOLYP
was assossiated with longer associated with longer overall
cardiovascular survival survival when combined with
' GPX1 (Leu/Leu) genotype.
Corredor et Spain aZizezntSIfll)U No significant association with ~ No significant association with NR
al. 2020. P DS CKD risk CKD risk

Abbreviations: Not reported (NR)

ESRD patients and 374 healthy controls, Nrf2 (-617C/A)
polymorphism was not associated with the oxidative phe-
notype of these patients, nor with the ESRD risk (54). In
the same study, Nrf2 C/C genotype had an impact by in-
creasing risk of ESRD, in combination with SOD2 Val/Val
genotype, and longer overall survival, after being combi-
ned with GPX1 Leu/Leu genotype (54). Nevertheless, no
individual association of Nrf2 (-617C/A) polymorphism
was observed in relation to the risk, overall and cardio-
vascular survival among these patients (54). These results
are similar to those obtained in a study of Shimoyama et
al. using Japanese cohort of 216 ESRD patients and 464
controls (56). In this study, aforementioned Nrf2 poly-
morphism did not have an impact on the risk of ESRD
development or overall/cardiovascular survival. The only
significant association was found between other Nrf2 po-
lymorphism, G/A rs35652124 and cardiovascular survival
in dialysed patients (56).

underway, with several possible candidates that might be
beneficial to patients with diminished Nrf2 expression and
function, as present in variant, Nrf2 A carriers. A common
feature of these compounds is the potential for inducing
Nrf2 pathway. One example of such a compound is bar-
doxolone methyl, which effects on CKD patients were
examined in clinical trial investigations (59). Measurable
improvement in clinical parameters of CKD patients de-
termined in those studies included a significant increase
in GFR, as well as creatinine clearance (59). These effects
could be attributed to bardoxolone methyl’s activation of
the Nrf2 pathway, and subsequent restoration of redox im-
balance (59).

SOD2 Polymorphism and CKD

SOD and GPX are antioxidant enzymes that work
in a mutually supportive fashion in scavenging superoxide
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Figure 2. SOD2 gene

radicals and decreasing oxidative stress, abundantly pro-
duced in CKD. SOD converts superoxide (O2-) to hydro-
gen peroxide (H202) with three isoforms being described
in the literature (17, 60, 61). Two SOD isoforms contain
copper (Cu) and zinc (Zn) within the active site: intra-
cellular SOD1 - present in red blood cells, and extracellular
SOD3 - present in interstitium and extracellular fluids (17,
62, 63). On the other hand, SOD2 contains an manganese
within the active site (MnSOD) and is positioned within
mitochondria, where it scavenges superoxide radicals (22,
63). In humans, the polymorphisms have been identified
in all these three SOD isoforms (64). Nevertheless, the
most highly active SOD isoform in the human kidney is
SOD2 isoform and its rs4880 functional polymorphism
has the highest implication in human diseases investigated
so far. Therefore, the main focus of this review will be the
association of SOD2 rs4880 polymorphism and CKD risk
and progression.

MnSOD gene is positioned on chromosome 6q25
(34). The SOD2 rs4880 SNP, located in exon 2, is chara-
cterised by a C > T nucleotide substitution resulting in the
amino acid alanine (Ala) > valine (Val) substitution at po-
sition 16 (SOD2 Alal6Val genotype) (64, 65). Importantly,
the Val variant of this SNP compromises the ability of
SOD?2 to neutralize superoxide radicals within the mitoc-
hondria by altering SOD2 expression, as well as mitochon-
drial transport (34, 64). In this line, there are indications
that the Ala allele, accompanied with higher SOD2 mitoc-
hondrial activity, may provide better protection against the
progression of oxidative stress associated diseases such as
CKD (54, 61).

To the best of our knowledge, six original investi-
gations have so far tested an association between SOD2
rs4880 SNP and either CKD or ESRD, with contradictory
results (table 1). In the Crawford et al. study, among 185
CKD patients included, those carrying low activity SOD2,
Val allele had a marked drop in GFR, in comparison with
patients carrying the Ala/Ala genotype (61, 66). In addi-
tion to the influence that Val allele has in terms of faster

progression of CKD measured through the GFR deterio-
ration, it has been shown that it might influence the risk
of the CKD and ESRD development, as well. Namely, in a
study of Jerotic et al., SOD2 Val/Val genotype resulted in
a greater susceptibility towards ESRD (54). Similarly, in an
Iranian cohort of 280 type 2 diabetic (T2D) patients with
CKD and 280 T2D controls, patients with the Val/Val geno-
type exhibited higher CKD risk than those having the Ala/
Ala or Ala/Val genotypes (67). Additionally, several studies
consistently confirmed that the Val allele increases the risk
and the progression of diabetic nephropathy with a faster
decline in GFR (68-71). On the other hand, in a cohort of
671 ESRD patients and 780 healthy controls from China,
the Val allele appeared to be protective, given that the Ala/
Ala genotype correlated with increased risk of ESRD (72).
This could be due to differences in the genotype distributi-
on between Asian and Caucasian population. Namely, the
frequency of the Ala/Ala genotype in Caucasians was 32%,
whereas in the Asian population it was only 2% (54, 66,
72). On the contrary to the aforementioned reports, two
studies conducted in Australia (230 CKD patients and 224
healthy controls) and Spain (722 CKD patients and 172
controls), reported no association between SOD2 rs4880
polymorphism and CKD risk (61, 73).

As discussed above, increased production of ROS
is accompanied by impaired antioxidant defense in CKD.
However, the functional significance of antioxidant enzy-
me polymorphisms in terms of the level of oxidative stress
byproducts in these patients still remains elusive. Jerotic
et al. have also shown that polymorphisms of enzymes
front-line protection against free radicals, such as SOD2,
can raise byproducts of oxidative damage in ESRD pa-
tients (54). In addition to having higher susceptibility to
ESRD development, dialysis patients with the SOD2 Val/
Val genotype also had higher plasma levels of byproducts
of protein oxidative damage (thiol and carbonyl groups,
advanced oxidation byproducts (AOPP, nytrotirosine), as
well as lipid oxidative damage (MDA and MDA adducts)
(54). The substantial role of SOD2 polymorphisms on
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oxidative stress in patients with impaired kidney function
was also confirmed in a large study conducted on patients
with diabetes mellitus induced nephropathy (70).

The most widely studied impact of SOD2 rs4880
polymorphism, in terms of kidney pathology, was the one

an increase in selenium (80).

The following GPX1 rs1050450 polymorphism
has been extensively studied in human diseases, mostly
with regard to breast, lung and bladder cancer patho-
logy (64); however, to date, only five studies have repor-

Chromosome 3p21.31
UsPé GPK1 4= LDC112935346
L0C107986084 TCTA
RHOA
& pter
NM_000s81 5 IIIIIIIIIIIIIII...............----- 5
(321)
Exon

360bp
539C/T (rs1050450)

252bp

Figure 3. GPXI1 gene

associated with the onset and progression of diabetic nep-
hropathy (66, 68-71). These studies consistently showed
that the low activity, Val allele affects the higher susceptibi-
lity to diabetic nephropathy and its progression. However,
association of SOD2 polymorphism with an antioxidant
status, levels of oxidative stress biomarkers and their im-
plications to CKD triggered by either diabetes or other fa-
ctors, still need to be clarified in future studies.

GPX1 Polymorphism and CKD

Dismutation of O2- to H202 by SOD is followed
by H202 reduction to water, which is a process primari-
ly mediated by another antioxidant enzyme, glutathione
peroxidase (17). GPX is a selenoprotein containing the
rare amino acid selenocysteine at its active site (17, 74).
Noteworthy, the activity of GPX enzyme is significantly
altered in all stages of CKD (22). Multiple studies consi-
stently reported marked decrease in GPX activity from
the CKD onset through the progression of uremia, with
the lowest activity found in ESRD patients (21, 22, 75, 76).
Several isozymes of glutathione peroxidase family that
vary in cellular location and substrate specificity have
been identified so far (17, 77). GPX1 is the most abundant
isozyme in the glutathione peroxidases family (17, 35, 77).
This enzyme is cytosolic and produced in all tissues (17, 64,
77). Nevertheless, the main sources of GPX1 are erythro-
cytes, liver and kidneys (17, 64, 77).

The GPXI gene is positioned on the 3p21.3 chro-
mosome and has two exons (78). Of a particular impor-
tance is the functional GPX1 rs1050450 polymorphism,
which induces C > T substitution changing the amino acid
proline (Pro) with leucine (Leu) at position 198 (GPX1
Prol198Leu genotype) (64). The Leu allele of GPX1 gene
confers with significantly impaired enzyme activity, which
was found in vitro and also confirmed in humans (35, 79).
Moreover, Leu allele makes this enzyme less responsive to

ted on its association with CKD (table 1). In addition to
SOD?2 rs4880 polymorphism as discussed above, GPX1
rs1050450 polymorphism has also been associated with an
increased risk and progression of CKD (75). According to
these results, significantly higher number of CKD patients
had the GPX1 Leu/Leu genotype compared to controls
(66). Moreover, Leu/Leu genotype was associated with
lower eGFR in CKD patients (66). On the other hand, the-
re are several studies reporting no individual association
between this polymorphism and the risk of CKD, although
its influence appeared significant when combined with the
other gene polymorphisms including SOD2 and PPAR-y
(54, 72). These findings illustrate that the antioxidant
system is comprised of a range of different interactions,
thus eliminating the possibility of identifying a distinct va-
riable, which could be used as a single marker of disease.
To this effect, Jerotic et al. were the first research group
to explore the association between GPX1 rs1050450 poly-
morphism and oxidative phenotype among ESRD patients
(54). They found no significant impact of this polymorp-
hism on either one of estimated biomarkers of oxidative
stress in plasma of these patients (54). However, another
study demonstrated correlation of other GPX1 gene poly-
morphisms (rs3448, rs9819758, rs8179164 and rs1987628)
and oxidative stress byproducts (AOPP and isoprostanes)
(54, 81). In this study, T allele of GPX1 rs3448 gene had an
impact on higher susceptibility to ESRD among diabetic
patients, as well as, higher levels of AOPP and isoprostanes,
while other examined GPX1 polymorphisms did not show
any significant association (54). The aforementioned study
of Jerotic et al. is also the only one examining the potential
predictive influence of GPX1 rs1050450 polymorphism
on ESRD patients survival (54). Unexpectedly, low activi-
ty, GPX1 Leu/Leu, genotype contributed to longer overall,
as well as cardiovascular survival in ESRD patients (54).
Even though there are a few studies suggesting the adverse
influence of GPX1 Leu allele on CVDs, such as coronary
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heart disease, calcification of coronary arteries and incre-
ased intima-media thickness (74), there are also several
studies conversely reporting that this allele may be prote-
ctive (54, 74, 82, 83). Namely, it has been shown that Leu
allele may reduce the risk of thoracic aortic aneurysm in
patients with hypertension (74, 83). Moreover, Soerensen
et al. showed that GPX1 Leu allele influenced longer survi-
val in the oldest population (82). Overall, there is a subtle
balance between the beneficial and deleterious effects of
ROS, with complex signalling mechanisms that need to be
explored further, in order to provide better understanding
and enable clinical translation.

Conclusion

Already recognized causes of CKD converge at the
final common pathway - oxidative stress mediated loss of
renal function. Therefore, individual susceptibility to CKD
seems closely linked to functional variations of genes, en-
coding antioxidant regulatory and catalytic proteins. The
results reported so far in the literature suggest that these
three different polymorphisms could be important targets
for better patient outcomes. Identifying important poly-
morphism in CKD patients could lead to better stratifi-
cation and more personalised treatment of CKD patients.
Given that CKD is a multifactorial disease, a number of
different biomarkers based on the presence of polymorp-
hisms and biomarkers of oxidative stress should be inclu-
ded as part of the risk stratification strategies. The mul-
timarker panel could be explored for prediction of CKD
patients’ survival, or as an indicator of the need for antio-
xidant therapy on individual patient basis. New promising
therapeutic possibilities are underway that might be be-
neficial to CKD patients with diminished Nrf2, SOD2 or
GPXI1 expression and function.
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