I\B ENHA Print ISSN 1110-208X.

Original article
Online ISSN 2357-0016

Serum NOXs and Iron Metabolism Biomarkers in

Shaimaa M. Kassem 2, Ola S. El-Shimi

@Neurology Department,
Faculty of Medicine Benha
University, Egypt.

® Clinical and Chemical
Pathology Department, Faculty
of Medicine Benha University,

Egypt.

Corresponding to:

Dr. Raghdaa A. Abdelhalem.
Neurology Department, Faculty of
Medicine Benha University, Egypt.
Email: Raghdaahay@gmail.com

Received:
Accepted:

RRMS Patients

b Haytham S. Abdelkader 2,
Raghdaa A. Abdelhalem?

Abstract:

Background: Multiple sclerosis (MS) is an inflammatory
and neurodegenerative disorder. Relapsing-remitting MS
(RRMS) is the most common MS pattern characterized by
relapses or exacerbations. This study aimed to investigate
the status of serum endothelial NOXs (NOX5 and NOX4)
and iron metabolism biomarkers in RRMS patients.
Methods: The study was carried out on 40 RRMS patients
and 40 control subjects. All the participants were subjected
to complete history taking, general and full neurological
examination, Serum NOX4,5, ferritin, iron, iron binding
capacity, C-reactive protein (CRP), and erythrocyte
sedimentation rate (ESR) levels were measured in all the
study subjects. Results: MS cases showed significantly
lower Nox4, significantly higher Nox5 when compared to
control group (median =0.081 versus 0.395, p<0.001;
median=3.5 versus 0.225, p<0.001 respectively). High
accuracy AUC was found regarding Nox 4 and Nox 5
(AUC=0.928, 0.988 respectively). At best cut off value of
Nox-4 (=0.24 Mmol/L), sensitivity was 90%, specificity was
95%, PPV was 95%, NPV was 90% and accuracy was
92.4%. At best cut off value of Nox-5 (=1.67 Mmol/L),
sensitivity was 100%, specificity was 97.5%, PPV was
97.6%, NPV was 100% and accuracy was 98.8%.
Conclusion: Our data suggests that increased NOX5
expression and decreased levels of NOX4 might be related
with oxidative stress related vascular changes and BBB
disruption in MS patients.
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Introduction

Multiple sclerosis (MS) is an inflammatory
and neurodegenerative disorder.
Relapsing-remitting MS (RRMS) is the
most common MS pattern characterized by
relapses or exacerbations. Although the
etiology of the disease is still unknown, it
has been proposed that reactive oxygen
species (ROS), which are small, oxygen-
derived molecules, contribute to MS
pathology ©.

Dysregulation of iron metabolism in the
brain is contributing to OS within the
pathogenesis of MS. During myelin
breakdown and subsequent phagocytosis
of myelin debris which occur at active MS
lesions, iron is liberated into the
extracellular space. Subsequently, it
undergoes conversion to the divalent
ferrous form, which can increase the
toxicity of ROS @,

In Fenton reaction, Fe2+ is oxidized to
Fe3+, while hydrogen peroxide (H202) is
converted to highly toxic hydroxyl radical
(*OH) and hydroxyl anion (OH-).
Liberated iron is taken up by macrophages
and microglia, which release and deposit
iron during phagocytosis of damaged
neurons ©.

High iron load may even induce cell
death, after which iron is further released
initiating a second wave of OS.
Additionally,  activated  macrophages
release NO that can promote other iron
release from ferritin . Abnormal iron
depositions have been associated with the
production of ROS @),

Elevated nicotinamide adenine
dinucleotide phosphate (NADPH) oxidases
activations and concentrations are one of
the main enzymatic source of ROS
including superoxide anion and its
derivatives ®. The NADPH oxidases
(NOX) family consists of seven catalytic
homologues. Four NOX isoforms
including NOX1, NOX2, NOX4 and
!\I)OXS are expressed from endothelial cells
6

Increased expressions of NOX1, 2, and 5
have been related with endothelial

dysfunction and vascular inflammation
However, NOX4 exerts protective effects
on the vessel wall ©),

There has been growing evidence
implicating the role of NOX isoforms in
the pathogenesis of several
neurodegenerative  diseases  including
Amyotrophic lateral sclerosis, Alzheimer’s
and Parkinson’s disease; However, little is
known about the status of serum NOX1,
NOX4 and NOX5 in RRMS patients (.,
Several previous studies have focused on
the interaction between MS and nutritional
intake to reduce the symptoms such as
decreased cognitive, sensory and physical
functions ®. One of the important parts of
the diet component are micronutrients such
as trace elements ©,

Abnormal iron depositions have been
associated with the production of ROS.
Alterations in iron deposition and serum
biomarkers of iron metabolism have been
consistently reported in patients with MS.
However, uncertainty still exists about the
relationship between iron metabolism and
oxidative stress in MS @0,

This study aimed to investigate the status
of serum endothelial NOXs (NOX5 and
NOX4) and iron metabolism biomarkers in
RRMS patients.

Patients and Methods

This case control study included 80

participants, who were recruited from the

Neuropsychiatry ~ Department,  Benha

University Hospital and outpatient clinic

of Benha Insurance Hospital, during the

period from January 2021 to December

2021. Laboratory work was performed in

Clinical Pathology Department, Benha

University Hospital.

Study groups;

e Patient group: included 40 patients
presented by relapsing remitting
multiple sclerosis.

e Control group: included 40 age and
sex matched healthy individuals.

Inclusion criteria

1. Age: 20-45 years.



2. Patients diagnosed with relapsing
remitting multiple sclerosis according
to the 2017 McDonald criteria.

Exclusion criteria

1. Probable  multiple sclerosis  or
clinically isolated syndrome.

2. Pregnancy and breast feeding.

3. Any gastrointestinal or hematologic
disease.

4. Severe concomitant medical condition
(e.g., metastatic cancer, AIDS, renal
failure, liver failure...etc.).

5. Patients consumed iron compounds,
nutritional ~ supplements or anti-
oxidants.

6. Patients had corticosteroid therapy
during the last 3 months.

All procedures were revised and approved

by Research Ethics Committee in Faculty

of Medicine, Benha University. An
informed written consent was obtained
from patients and control subjects before
their participation in the current study. An
official permission was obtained from

Benha University and Benha Insurance

Hospitals managers to conduct this study.

All patients were subjected to medical

history  taking, full general and

neurological examination, and laboratory
investigations as Erythrocyte

Sedimentation Rate (ESR), C-reactive

protein (CRP), Serum iron, TIBC, serum

ferritin, and NADPH oxidase (NOX) by

ELISA

NOX4 and NOX5 were measured in serum

sample using Human NADPH oxidase 4

peptide (NOX4) and Human NADPH

oxidase 5 peptide (NOX5) ELISA Kkits

(cata.No.: In-Hu 1940 , In-Hu 1041

respectively, NOVA, China), these ELISA

kits use Sandwich-ELISA as the method.

Blood Sampling:

Ten milliliters of venous blood were

drawn under complete aseptic conditions

from each patient and distributed as
follows: Two milliliters in an EDTA

(ethylene  diamine tetra-acetic  salt

(1.2mg/mL) vacutainer as an anticoagulant

for complete blood count (CBC). Two

milliliter in citrated tube (1:9) for ESR. Six
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milliliters in plain tube for serum
separation. Samples were allowed to clot
for 30 minutes at room temperature, then
centrifuged (at 1500 rpm for 15 minutes).
Serum was separated and divided into two
aliquots; one for CRP, iron, ferritin and
TIBC testing and the other stored at -80°C
for subsequent NOX4 and NOXS5 assay by
ELISA.

Statistical analysis

The collected data was revised, coded,
tabulated using Statistical package for
Social Science (IBM Corp. Released 2017.
IBM SPSS Statistics for Windows,
Version 25.0. Armonk, NY: IBM Corp.).
Data were presented and suitable analysis
was done according to the type of data
obtained for each parameter. Normality of
data; Shapiro test was done to test the
normality of data distribution. Descriptive
statistics: Mean, Standard deviation (x SD)
for parametric numerical data, while
Median and range for non-parametric
numerical data. Frequency and percentage
of  non-numerical data.  Analytical
statistics: Student T Test was used to
assess the statistical significance of the
difference between two study group
means. For the comparison of more than
two groups’ means, one way analysis of
variance (ANOVA) was used. Mann
Whitney Test (U test) was used to assess
the statistical significance of the difference
of a non-parametric variable between two
study groups. The Kruskal-Wallis test was
used to assess the statistical significance of
the difference between more than two
study group non parametric variables.Chi-
Square test was used to examine the
relationship  between two qualitative
variables. Fisher’s exact test: was used to
examine the relationship between two
qualitative variables when the expected
count is less than 5 in more than 20% of
cells. Correlation analysis: To assess the
strength of association between two
quantitative variables. The correlation
coefficient defines the strength and
direction of the linear relationship between
two variables. The ROC Curve (receiver
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operating characteristic) provides a useful
way to evaluate the sensitivity and
specificity for quantitative diagnostic
measures that categorize cases into one of
two groups. The optimum cut off point
was defined as that which maximized the
AUC value. The area under the ROC curve
(AUC) results were considered excellent
for AUC values between 0.9-1, good for
AUC values between 0.8-0.9, fair for AUC
values between 0.7-0.8, poor for AUC
values between 0.6-0.7 and failed for AUC
values between 0.5-0.6. All reported p
values were two-tailed and p <0.05 was
considered to be significant.

Results

The present study was conducted on 40
cases with RRMS. Their mean age was
32.2 years. They were 6 males (15%) and
34 females (85%). In addition, 40 healthy
subject of matched age and gender were
added as a control group. Table 1

Comparing cases and control groups
revealed that MS showed significantly
higher ESR, ferritin, significantly higher
frequency of high CRP, significantly lower
iron, TIBC when compared to control
group (p<0.001 for each). table 2

MS cases showed significantly lower
Nox4, significantly higher Nox5 when
compared to control group (median =0.081
versus 0.395, p<0.001; median=3.5 versus
0.225, p<0.001 respectively). Figure 1&2.

Table (1): Comparison of demographic data between studied groups.

Control

Case

N=40 N=40 P
Age (years) meant SD  29.9+5.5 32.2+7.7 0.118
Males N (%) 5 (12.5%) 6 (15.0%) 0.745
Females N (%) 35 (87.5%) 34 (85.0%) '
*Significant; < 0.05, ** High significant; < 0.01, *** Very high significant< 0.001. SD, standard deviation.
Table (2): Comparison of laboratory data between studied groups.
Control Case p
N=40 N=40
ESR (mm/hour) mean+ SD 27.4+8.1 54.3+£17.2 <0.001***
CRP(mg/l) Low N (%) 33 (82.5%) 13 (32.5%) <0 001***
High N (%) 7 (17.5%) 27 (67.5%) '
Iron (ug/dl) median (range) 65 (38-139) 34 (22-119) <0.001***
Ferritin (ng/ml) median (range) 70 (17-213) 165 (43.5-450)  <0.001***
TIBC (ug/dl) median (range) 310 (220-430) 244.5 (160-450) <0.001***

*Significant; < 0.05, ** High significant; < 0.01, *** Very high significant< 0.001. SD, standard deviation.

NOX-5

—

——

Control

—

Ms

Figure (1): Nox5 level among studied groups.
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Figure (2): Nox4 level among studied groups.

Receiver operating characteristic curve
(ROC) of Nox-4, Nox-5, iron, ferritin and
TIBC was conducted for discrimination
between MS cases and control groups.
High accuracy AUC was found regarding
Nox 4 and Nox 5 (AUC=0.928, 0.988
respectively). At best cut off value of Nox-
4 (=0.24 Mmol/L), sensitivity was 90%,
specificity was 95%, PPV was 95%, NPV
was 90% and accuracy was 92.4%. At best
cut off value of Nox-5 (=1.67 Mmol/L),
sensitivity was 100%, specificity was
97.5%, PPV was 97.6%, NPV was 100%
and accuracy was 98.8%. Moderate
accuracy AUC was found regarding iron,
ferritin and TIBC (AUC=850, 816, 0.748

respectively). At best cut off value of iron
(=52.5 pg/dL), sensitivity was 77.5%,
specificity was 85%, PPV was 83.8%,
NPV was 79.1% and accuracy was 81.3%.
At best cut off value of ferritin (=108.5
ng/mL), sensitivity was 65%, specificity
was 90%, PPV was 86.7%, NPV was 72%
and accuracy was 77.5%. At best cut off
value of TIBC (=272.5 pg/dL), sensitivity
was 65%, specificity was 77.5%, PPV was
74.3%, NPV was 68.9% and accuracy was
71.3%. Table 3 & figure 3

No significant correlation of NOX-4 level
was found with NOX-5 among control as
well as MS groups (p>0.05 for each
group). Table 4

Table (3): Validity of Nox4, Nox5, iron, ferritin and TBC for prediction of multiple sclerosis.

Nox-4 Nox-5 Iron Ferritin TIBC
AUC 0.928 0.988 0.850 0.816 0.748
Cut off 0.24 umol/L  1.67 umol/L  <52.5 pug/dl  108.5 ng/ml  <272.5 pg/dl
Sensitivity (%) 90% 100% 77.5% 65% 65%
Specificity (%) 95% 97.5% 85% 90% 77.5%
PPV (%) 95% 97.6% 83.8% 86.7% 74.3%
NPV (%) 90% 100% 79.1% 72% 68.9%
Accuracy (%) 92.4% 98.8% 81.3% 77.5% 71.3%

AUC, area under ROC curve; ROC, receiver operating characteristic curve; PPV, positive predictive value; NPV, negative

predictive value.

Table (4):Correlation of NOX-4 with NOX-5 among control and MS groups.

NOX-5

Control MS

Rs Rs P
NOX-4 0.083 0.610 -0.244 0.129

*Significant; < 0.05, ** High significant; < 0.01, *** Very high significant< 0.001 rs, correlation coefficient.
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Figure (3): ROC curve for discrimination between MS cases and control groups.

Discussion

The present study showed that MS cases
have significantly higher ESR, ferritin,
significantly higher frequency of high
CRP, significantly lower iron and TIBC
when compared to control group. By
Comparing level of Nox4 and Nox5
between the studied groups, the current
study reported that MS cases showed
significantly lower NOX4, significantly
higher NOX5 when compared to control
group. These finding agreed with other
studies that showed that higher serum
NOX5, CRP titer, ferritin and lower serum
NOX4, iron concentrations were found in
the patients than in controls 112,

Our results were in concordance with other
studies  found that serum  iron
concentrations were significantly lower in
MS patients than the matched controls
®13) While another study restricted the
decrease in iron to female MS patients
than the matched controls 4. However,
no differences have been reported between
control groups and MS patients in terms of
serum iron concentrations (1015,

It is thought that the discrepancy in the
results of serum iron concentrations might
be related with the differences in the
nutritional status of patients as well as
differences in the experimental models
between studies, presence of other chronic
diseases and different ethnic backgrounds.

Some authors suggested that the decreased
blood levels of iron in MS patients are
associated with longer disease duration,
when iron begins to accumulate more in
the brain 9,

Iron is essential for maintaining the health
and development of the myelination and
remyelination process. Decreased
availability of iron in the diet has been
associated with hypomyelination 7,
Other researchers ® were observed
elevated serum ferritin concentrations in
MS patients compared to healthy controls.
However, another report has shown no
differences between MS patients and
healthy controls in terms of ferritin levels
(12) Discordant ferritin results might be
due to differences of iron status and
neuroinflammation degree of patients
between studies.

Findings from studies carried out by Other
researchers (819 failed to show any
differences in iron content, but elevated
transferrin levels were observed in MS
patients.

The higher CRP level, a well-known
positive acute phase reactant, was
observed in at the current study in MS
patients than in controls, that was not
inconsistent with the study done by Other
researchers®, It is thought that both
increased ferritin and CRP levels could be
related to the acute phase reactions owing



to the increased CNS inflammation in
patients 0,

For the prediction of MS susceptibility in
the present study, a receiver operating
characteristic curve (ROC) of Nox4, Nox5,
iron, ferritin, and TIBC was conducted.
High accuracy AUC was found regarding
NOX 4 and NOX 5. While, moderate
accuracy AUC was found regarding iron,
ferritin and TIBC.

These results agreed with other studies that
showed that oxidative status may play a
role in chronic inflammation and
neurodegeneration which are considered
critical ~ etiopathogenetic ~ factors in
Multiple Sclerosis (MS), both in the early
phase of the disease and in the progressive
one @),

Other studies have measured total
hydroperoxides and total antioxidant status
(TAS), along with the iron metabolism
biomarkers including iron, ferritin,
transferrin, transferrin  saturation, and
ceruloplasmin  panel biomarkers, found
that lower TAS levels in MS patients than
in healthy controls and normal reference
level and higher ROS and Ceruloplasmin:
transferrin  ratio in MS than in healthy
controls, while biomarkers of iron
metabolism were not different between
patients and controls 2,

Previous studies demonstrated the role of
different NOX isoforms in
neurodegenerative  diseases including
Alzheimer and Parkinson’s disease @,
Upregulated NOX expressions have been
also associated with MS pathogenesis in
the experimental and clinical studies @4,
Abnormal  iron  homeostasis  may
contribute to neurodegeneration which is
relevant to the pathology of MS. Iron may
lead to neuronal damage through
triggering  oxidative stress @3, Iron
analyses showed heterogeneity within
different geographical subgroups. In this
regard, Asians showed significantly lower
circulating levels of Fe in comparison with
other regions 9,
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Conclusion

Our data suggest that increased NOX5
expression and decreased levels of NOX4
might be related with oxidative stress
related vascular changes and BBB
disruption in  MS patients. We also
demonstrated that lower concentrations of
iron and TIBC in RRMS patients. Because
of the importance of iron on myelination
and oligodendrocytes functions, serum
iron levels should be closely monitored in
MS patients.
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