XOR - Possible Correlations with Oxidative Stress and Inflammation

Markers in the Context of Diabetic Kidney Disease
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Xanthine oxidoreductase (XOR) activity plays an important role as a pivotal source of reactive oxygen
species. The aim of our study was to investigate possible correlations of XOR serum levels with oxidative
stress (total antioxidant capacity - TAC, anti-oxidative stress responsive 1 antibody - OXSR1) and
inflammation markers (interleukin 6 - IL-6), in 20 hemodialysis diabetic patients. The present study included
the hemodialysis diabetic patients group (10 males and 10 females) and the control group (20 healthy
volunteers). For serum XOR (ng/mL), TAC (U/mL) and OXSR1 (ng/ml) measurements we have used the
ELISA technique. Serum IL6 (pg/mL) was performed using an automatic immunoassay system (Immulite
1000, Siemens- Germany). Comparing the two groups, our results revealed significantly increased serum
levels for XOR (6.2+1.5 / 3.9#1.1); OXSR1 (11.3+2.9 / 6.2+2.1) and IL6 (7.0+1.2 / 5.0+0.4). Patients’
serum levels of TAC were significantly decreased compared with the control group values (25.2+3.9 /
33.5+2.8). It becomes more and more obvious that oxidative stress is an important element initiating
diabetic microvascular complications, including diabetic kidney disease. Our results suggested that XOR
should be regarded as an important target in the attempt to reduce oxidative stress in the context of diabetic

kidney disease.
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Diabetes is more and more incriminated as the main
cause of chronic renal failure [1]. Diabetic kidney disease
(DKD), also known as diabetic nephropathy (DN), is
clinically characterized by a progressive decline in the
glomerular filtration rate, illustrated by a gradual increase
of albuminuria [1].

Chronic hyperglycemia, the characteristic of diabetes,
represents a main cause of several pathological molecular
processes activation, which will seriously affect the
glomerular endothelial cells, smooth muscle cells,
mesangial cells, podocytes, and cells of the tubular and
collecting ducts [2].

Xanthine oxidoreductase (XOR) is responsible for the
formation of uric acid from hypoxanthine and xanthine,
leading to superoxide and other reactive oxygen species
(ROS) production [3]. Consequently, XOR activation
contributes as a principal actor to the development and
progresion of oxidative stress (OS)-related tissue injury [4].

In the literature there are reported studies associating
plasma XOR activity with obesity, smoking, liver
dysfunction, hyperuricemia, dyslipidemia and insulin
resistance [5-7].

The aim of our study was to investigate possible
relationships between XOR serum activity and OS
(illustrated by serum total antioxidant capacity - TAC and
anti-oxidative stress responsive 1 antibody - OXSR1) and
inflammation markers (interleukin 6-IL-6), in 20
hemodialysis diabetic patients.

Experimental part

The present study included the hemodialysis diabetic
patients group (10 males and 10 females; aged 41 - 65) -
GD and the control group (20 healthy volunteers; aged 35 -
62) - GC. All the participants, patients and controls, provided
the informed consent to participate in the study.

Measurement of serum XOR activity

Measurement of plasma XOR activity was performed
using freshly frozen samples that were maintained at -80
°C until the time of assay. Plasma XOR activity was
measured using ELISA technique and an assay kit from
Wuhan Fine biotech, China.

Measurement of serum OS markers

Measurement of serum OS markers was performed
using freshly frozen samples that were maintained at -
80 °C until the time of assay. Serum OXSR1 levels were
measured using ELISA technique and an assay kit from
Abbexa, UK. Plasma OXSR1 levels were measured using
ELISA technique and an assay kit from Blue Gene, India.

Measurement of serum IL-6

Measurement of serum IL-6 levels was performed using
freshly frozen samples that were maintained at -80 °C until
the time of assay. Serum IL-6 (pg/mL) was performed using
an automatic immunoassay system (Immulite 1000,
Siemens- Germany).
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Statistical analysis
Comparison between the two studied groups was done
with Student’s ttest for parametric parameters.

Results and discussions

Our experimental data are summerized in table 1.

Our results revealed significantly increased serum levels
for XOR (6.2£1.5 ng/mL) in GD compared with GC
(3.9%1.1 ng/mL) (p<0.01) (fig. 1).

In terms of OS parameters, our experimental data
illustrated:

- significant increase for serum OXSR1 levels in GD
(11.3%+2.9 ng/mL) compared with GC (6.2%2.1 ng/mL)
(p<0.01) (fig. 1).

- significant decrease for serum TAC levels in GD
(25.2%+3.9 U/mL) compared with GC (33.5+2.8 U/mL)
(p<0.01) (fig. 1).

The IL-6 serum levels have marked a significant increase
(p<0.01) in GD (7.0%1.2 pg/mL) versus GC (5.0+0.4 pg/
mL) (fig. 1).

Hyperglycemia-induced ROS over production triggers
the recruitment of numerous inflammatory cells and,
consequently, production of transcription factors,
inflammatory cytokines and growth factors, all deeply
involved in the molecular pathological mechanism of DKD
[8]. Excessive renal infiltration of macrophages and T cells
represents a key step in renal damage initiation [8].

More and more experimental evidence reveal ROS
overproduction and OS as main players in connecting the
kidney altered metabolic pathways with disrupted renal
hemodynamics, leading consequentley to DKD [9,10,19].
These altered metabolic pathways ultimately will lead to
inflammation, endothelial dysfunction and fibrosis [9,10].
Renal OS is often regarded as the consequence of the
upregulation of pro-oxidant enzyme-induced ROS
overproduction and concomitant antioxidants depletion
[9,10].

Mammals’ XOR presents two interconvertible forms
[11]:

- xanthine dehydrogenase (XDH) - prefers NAD+ as an
electron acceptor [12]

- xanthine oxidase (XO) - transfers the electrons directly
to molecular oxygen, resulting in the production of ROS,
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superoxide anion and hydrogen peroxide, considered to be
involved in the hypertension, dyslipidemia, and diabetes
molecular mechanisms [12].

In the present study, we have revealed in GD a
significantly increased activity of serum XOR activity, in
the context of an intense serum OS (illustrated by high
levels of OXSR1 and decreased TAC) and an inflammatory
status (illustrated by incresed levels of IL-6).

Our results are concordant with those of the previous
studies. Increased plasma XOR activity has also been
reported in type 2 diabetes patients by Cosic V. et al [13].
XOR activity has been previously reported to be significantly
and positively correlated with HbAlc in Asian type 2
diabetes patients [14]. In diabetic patients, redundant
fructose may be involved in XOR activity increament
probably by increasing ATP degradation to AMP, a uric acid
precursor [15].

XORis strongly related to increased OS in the context of
CKD [16,17]. Xantine oxidase (XO) represents the oxidative
radical-forming isoform of XOR [16,17]. XO is formed by
reversible or irreversible oxidation of the other XOR isoform,
xanthine dehydrogenase (XDH). It has recently been
reported that XOR redox, defined as the ratio of XO to total
XOR (XO and XDH), changes the redox status in context of
kidney dysfunction [18]. This is sustained by experimental
data showing that allopurinol , the XOR inhibitor, reduced
complications risk to approximately 30% in CKD patients
[16, 17].

Conclusions

It becomes more and more obvious that oxidative stress
is an important element initiating diabetic microvascular
complications, including diabetic kidney disease. Our
results suggested that XOR should be regarded as an
important target in the attempt to reduce oxidative stress
in the context of diabetic kidney disease.

However, additional studies are still needed in order to
establish whether XOR and XO should be regarded as
useful markers for predicting complications in CKD patients
receiving hemodialysis. Moreover, further studies are
needed in order to explore whether serum XOR activity
can be reduced by strict uric acid and glycemic control in
hemodialysis patients with type 2 diabetes.
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