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Abstract The aim of the present study was to evaluate in-
flammatory, oxidative, and nitrosative stress (IO&NS) blood
markers as possible predictors of multiple sclerosis (MS) and
its clinical forms. This study included 258 MS patients (175
with relapsing-remittingMS (RRMS) and 83 with progressive
MS clinical forms) and 249 healthy individuals. Peripheral
blood samples were obtained to determine serum levels of
albumin, ferritin, C-reactive protein (CRP), total protein, lipid
hydroperoxide by tert-butyl hydroperoxide-initiated chemilu-
minescence (CL-LOOH), carbonyl protein content, advanced
oxidation protein products (AOPP), nitric oxide metabolites
(NOx), and total radical-trapping antioxidant parameter
(TRAP). MS patients showed higher ferritin (p<0.001) and
CL-LOOH (p<0.001) and lower albumin (p=0.001), TRAP
(p<0.001), AOPP (p=0.013), and NOx values (p<0.001)

than controls. Difference was not observed in CRP, total pro-
tein, and carbonyl proteins between patients and controls. In
the logistic regression age-adjusted, ferritin and CL-LOOH
showed positive association with MS and were predictors of
MS development (OR: 1.006, 95 % CI: 1.003–1.009,
p<0.001 and OR: 1.029, 95 % CI: 1.007–1.052, p=0.009,
respectively). Albumin, TRAP, AOPP, and NOx were nega-
tively associated withMS (p=0.019, p=0.003, p=0.001, and
p=0.003, respectively). Moreover, other logistic regression
age-adjusted showed that MS patients with progressive clini-
cal forms had lower albumin and higher AOPP than those
with RRMS (p=0.037). In conclusion, ferritin, albumin, and
biomarkers of IO&NS, such as CL-LOOH, AOPP, TRAP, and
NOx were predictors of MS diagnosis, whereas albumin and
AOPP were predictors that differentiated RRMS from the
progressive clinical forms of MS.
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Introduction

Multiple sclerosis (MS) is an inflammatory and degenerative
neurological disease in which damage to the central nervous
system (CNS) causes widespread dysfunction [1]. In early
disease, active bouts of demyelination are followed by periods
of remission. The clinical form in which relapses are associ-
ated with the appearance of new lesions or reactivation of old
lesions in the white matter of the brain and spinal cord and
alternated with remission periods is named relapsing-
remitting MS (RRMS) [2]. Over time, RRMS is followed by
a phase of uninterrupted disease progression, termed second-
ary progressive MS (SPMS). However, in 10–20 % of
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patients, RRMS is not present, but instead experience unre-
mitting disease progression, named as primary progressive
MS (PPMS) [3].

A growing body of evidences has shown that activated
immune-inflammatory response, oxidative, and nitrosative
stress (IO&NS) pathways play an important role in MS path-
ophysiology [4–6]. In all forms or stages of the disease, in-
flammation mediated by T cells, B cells, macrophages, acti-
vated microglia, and reactive oxygen and nitrogen species
seem to drive demyelination and neurodegeneration.
Furthermore, in the progressive stages, inflammation is in-
creased in its extent and becomes, at least in part, trapped
within the CNS behind the blood-brain-barrier (BBB) [6, 7].
Increased inflammatory status in MS patients has been dem-
onstrated by elevation in pro-inflammatory cytokines in serum
and cerebrospinal fluid (CSF) [8]. In addition, previous study
from our group demonstrated that oxidative stress biomarkers
were associated with clinical disability evaluated by
Expanded Disability Status Scale (EDSS) [5].

MS is a disabling disease with a considerable unexplained
heterogeneity in outcomes. Furthermore, the classification of
MS clinical forms is still difficult [9]. We are not aware of any
study, to date, in which IO&NS biomarkers were used to pre-
dict MS diagnosis and to differentiate its clinical forms in MS
patients. Therefore, the objective of this study was to examine
whether IO&NS biomarkers could be used as predictors of
MS diagnosis and its clinical forms.

Materials and Methods

Subjects

The study included 258MS patients, who were recruited from
the Demyelinating Diseases Outpatient Department of the
University of Londrina, Londrina, Paraná, Southern Brazil.
The MS diagnosis was established according to the
McDonald criteria [10], and the patients were classified as
with RRMS (n=175) or with MS progressive clinical forms,
including PPMS and SPMS (n=83); 220 MS patients were
treated with interferon (IFN) β or other immunosuppressive
drugs, and 38 were unmedicated for MS. The patients were
clinically evaluated for disability using the Extended
Disability Status Scale [11]. The control group consisted of
249 healthy individuals from the same geographic area. All
the subjects were controlled for age, sex, ethnicity, body mass
index (BMI), and waist circumference (WC). The nutritional
status of the patients was similar to that of the control group.
All of the individuals enrolled in the study did not drink alco-
hol or practiced physical activity regularly. None of them pre-
sented clinical symptoms or laboratory markers of heart, thy-
roid, renal, hepatic, gastrointestinal, or oncological diseases.
None of the subjects were placed on a specific diet and were

receiving antioxidant supplements. The protocol was ap-
proved by the Institutional Research Ethics Committees of
University of Londrina, Paraná, Brazil, and all of the individ-
uals invited were informed in detail about the research and
gave written informed consent.

Demographic, anthropometric, epidemiological, and clini-
cal characteristics, as well the use of any therapeutic drugs
before the inclusion in the study were obtained using a stan-
dard questionnaire on admission. The ethnicity was self-
reported as Caucasians and non-Caucasians (Black, Afro-
Brazilian, and Asiatic) [12].

Anthropometric Measurements

Body weight was measured to the nearest 0.1 kg by using an
electronic scale, with individuals wearing light clothing, but
no shoes, in the morning; height was measured to the nearest
0.1 cm by using a stadiometer. BMI was calculated as weight
(kilogram) divided by height (meter) squared. WC was mea-
sured with a tape measure, by the same professional and
expressed in centimeter.

Blood Collection

Peripheral blood samples were collected without anticoagu-
lant after fasting for 12 h. For oxidative stress evaluation,
peripheral blood samples were collected with EDTA as anti-
coagulant. All of the samples were immediately centrifuged at
3000 rpm for 15 min, and the sera aliquots were stored in
−80 °C until use.

Biochemical and Inflammatory Markers

Ferritin levels were determined by chemiluminescent micro-
particle immunoassay (CMIA; Architect, Abbott Laboratory,
Abbott Park, IL, USA). Uric acid, albumin, and total protein
were evaluated by a biochemical auto-analyzer (Dimension
Dade AR Dade Behring, Deerfield, IL, USA). Serum levels
of high sensitivity CRP (hsCRP) were determined using a
turbidimetric assay (ARCHITECT c8000, Architect, Abbott
Laboratory, Abbott Park, IL, USA).

Oxidative Stress Biomarkers

Tert-butyl Hydroperoxide-initiated Chemiluminescence
(CL-LOOH)

Lipid hydroperoxides in plasma were evaluated by CL-
LOOH as described previously [13], a method with higher
sensitivity and specificity than the thiobarbituric acid reac-
tive substances (TBARS) measurement, the usual method
to determine lipid oxidation. The results were expressed in
counts per minute (cpm).
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Determination of Advanced Oxidation Protein Products
(AOPP)

AOPP was determined in the plasma samples using the semi-
automated method [14]. AOPP results from oxidation of ami-
no acid residues such as tyrosine, leading to the formation of
dityrosine-containing protein cross-linking products detected
by spectrophotometry. AOPP concentrations were expressed
as micromoles per Liter (umol/L) of chloramines-T
equivalents.

Carbonyl Protein Content

Carbonyl content was measured as an estimate of protein ox-
idative injury. Carbonyl protein content was determined as
described previously by [15]. The results are expressed in
nmol/mL/mg total proteins.

Nitric Oxide (NO)

Serum NO metabolite (NOx) levels were assessed by nitrite
(NO2

−) and nitrate (NO3−) concentration according to the
Griess reaction, supplemented by the reduction of nitrate to
nitrite with cadmium [15]. The values were expressed as
micrometer.

Total Radical-trapping Antioxidant Parameter (TRAP)

The TRAP was determined as reported previously [16]. This
method detects hydrosoluble and/or liposoluble plasma anti-
oxidants by measuring the chemiluminescence inhibition time
induced by 2,2-azobis(2-amidinopropane). The system was
calibrated with the vitamin E analog TROLOX, and the values
of TRAP were expressed in equivalent of micrometer Trolox/
UA mg/dL.

Statistical Analyses

Analyses of contingency tables (x2 test) were used to eval-
uate the associations between the characteristics of two
study groups (patients and controls). Differences in demo-
graphic, clinical, and blood marker data between MS pa-
tients and controls were ascertained using analyses of var-
iance (ANOVAs). Fisher’s protected least significant dif-
ference (LSD at p< 0.05) was used to examine multiple
comparisons between three study groups (RRMS, pro-
gressive MS, and controls). Bivariate logistic regression
analysis was used to define the significant predictor, with
odds ratio (OR) and 95 % confidence intervals (CI) of MS
versus controls using the markers and other significant
characteristic data. Multinomial logistic regression analy-
sis was employed to delineate the significant predictors of
RRMS and other MS clinical forms (progressive MS)

versus controls using the markers and other significant
characteristic data. Tests for homogeneity of variance
were carried out when appropriate (Levene test). Degree
of freedom (df) was also demonstrated. All tests were
two-tailed, and a p value of 0.05 was used for statistical
significance.

Results

Characteristics of the MS Patients and Controls

Table 1 shows the baseline characteristics of the MS pa-
tients and controls included in this study. We did not use
Bonferroni p-corrections to interpret the multiple statistical
analyses listed in Table 1 that examines the differences in
demographic, anthropometric, and clinical characteristics
between the two groups. Indeed, the results of these uni-
variate statistical analyses were used to delineate the sig-
nificant explanatory variables to be used as determinants of
independent association with diagnostic groups in subse-
quent logistic regression analyses. Without p-correction,
we found that controls were younger than MS patients
and subsequently age was used as an additional explanato-
ry variable in logistic regression analyses. As expected,
there were no significant differences in female:male ratio,
self-reported ethnicity, BMI, and WC between the two
groups, since these variables were controlled.

Blood Marker Differences Between MS Patients
and Controls

Table 2 shows the outcome of ANOVAs performed on the
different blood markers that were evaluated in the present
study. We found no significant differences in hsCRP, total
protein, and carbonyl protein levels when MS patients and
controls were compared. MS patients showed lower albumin
(p=0.001), TRAP (p<0.001), AOPP (p=0.013), and NOx
(p=0.001) values, but higher ferritin (p< 0.001) and CL-
LOOH (p<0.001) values than controls. General linear model
(GLM) analyses with sex as a second factor and age as covar-
iate did not change any of these results.

Table 3 shows the outcome of a logistic regression analysis
with MS group as dependent variable and the controls as the
reference group and the significant blood markers shown in
Table 2 as explanatory variables (x2 =91.15, df = 6, p<0.001;
Nagelkerke = 0.412). We found that ferritin and CL-LOOH
were significantly and positively associated withMS, whereas
albumin, TRAP, AOPP, and NOx were significantly and neg-
atively associated with MS. Using this regression analysis,
82.7 % of all subjects were correctly classified with a sensi-
tivity of 73.6 % and a specificity of 89.5 %.

Mol Neurobiol (2017) 54:2961–2968 2963



Effects of Background Variables

Because there were differences in age between the two diag-
nostic groups, the logistic regression analysis was re-run with
age as additional covariate. Table 4 shows that all signifi-
cances reported in Table 3 remained significant (x2 =97.41,
df = 7, p<0.001; Nagelkerke = 0.435). Forced entry of BMI
(Wald = 0.32, df = 1, p=0.572), ethnicity (Wald = 1.15, df = 1,
p=0.282), and sex (Wald = 1.93, df = 1, p=0.165) showed
that these variables were not significant in predicting MS and
did not change the associations between the biomarkers and

MS. Since the drug state of the patients could be another
possible factor modulating biomarker levels, their effects
were evaluated on the results using ANOVA. This analy-
sis showed no significant differences between MS patients
treated or unmedicated in the levels of ferritin (F= 3.34,
df = 1/160, p = 0.069), albumin (F = 0.01, df = 1/162,
p= 0.935), TRAP (F= 0.13, df = 1/126, p= 0.723), CL-
LOOH (F= 1.79, df = 1/123, p= 0.183), AOPP (F= 0.01,
df = 1/106, p = 0.955), NOx (F = 1.55, df = 1/113,
p = 0.216), carbonyl proteins (F = 0.95, df = 1/112,
p= 0.332) (data not shown).

Table 1 Baseline characteristics
of patients with multiple sclerosis
and healthy controls

Characteristics MS patients (n= 258) Controls (n= 249) F or χ2a df p value

Age (years) 43.2 (±13.8) 36.7 (±10.9) 33.86 1 <0.001

Gender n (%)

Male 77 (29.9) 72 (28.9) 0.053 1 0.818

Female 181 (70.1) 177 (71.1)

Ethnicity n (%)

Non-Caucasian 44 (23.3) 50 (20.1) 0.286 1 0.593

Caucasian 198 (76.7) 199 (79.9)

Body mass Index (kg/m2) 25.09 (±5.1) 25.09 (±4.4) .000 1 0.996

Waist circumference (cm) 89.9 (±13.8) 90.8 (±12.1) 0.392 1 0.531

MS clinical forms n (%)

RRMS 175 (67.8) – – – –

Others subtypes 83 (32.2) – – – –

Therapy n (%)

Interferon beta 158 (61.2) – – – –

Other drugs 62 (24.0) – – – –

Without medication 38 (14.8) – – – –

The continuous variables are expressed as mean ± standard deviation (SD)

MS multiple sclerosis, RRMS relapsing-remitting multiple sclerosis, df degree of freedom
aAll the results of analyses of variance (F values) or analyses of contingence tables (χ2 tests)

Table 2 Inflammatory, oxidative, and nitrosative stress markers in multiple sclerosis (MS) patients and healthy controls

Parameters MS patients (n = 258) Controls (n= 249) F df p value
(n, ±SD, or %) (n, ±SD, or %)

CRP (mg/L) 2.96 (±4.15) 2.95 (±4.72) 0.001 1/395 0.971

Ferritin (μg/L) 214.0 (±250.1) 94.6 (±90.1) 40.39 1/370 <0.001

Total protein (g/dL) 7.35 (±0.52) 7.42 (±0.47) 2.08 1/366 0.150

Albumin (g/dL) 4.02 (±0.422) 4.15 (±0.310) 10.66 1/367 0.001

TRAP (μM of Trolox/UA mg/dL) 663.7(±131.6) 721.1 (±144.6) 12.84 1/307 <0.001

CL-LOOH (cpm) 25,384 (±14,964) 16,770 (±15,787) 23.25 1/306 <0.001

AOPP (μmol/L of chloramine-T equivalents) 124.44 (±51.06) 141.82 (±61.43) 6.21 1/293 0.013

Carbonyl protein (nmol mL−1 mg−1 total protein) 78.02 (±19.19) 77.21 (±17.03) 0.03 1/134 0.859

NOx (μM) 22.93 (±30.26) 45.99 (±26.01) 46.07 1/275 <0.001

The results are expressed as mean ± standard deviation (SD). All the results of analyses of variance (F values)

df degree of freedom, CRP C-reactive protein, TRAP total radical-trapping antioxidant parameter, UA uric acid, CL-LOOH tert-butyl hydroperoxide-
initiated chemiluminescence, AOPP advanced oxidation protein product, NOx nitric oxide metabolites
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Characteristics of RRMS patients

As shown in Table 1, we included 175 patients with RRMS
and 83 with progressive clinical forms of MS, named as other
subtypes, and the values of the biomarkers between these two
MS subgroups and controls were compared. Table 5 shows the
outcome of ANOVAs and protected LSD tests (performed at
p<0.05). All the biomarkers evaluated, except carbonyl pro-
tein groups, were significantly different between the RRMS,
other subtypes, and controls. Ferritin and CL-LOOH were
significantly higher in both MS subgroups than in controls
(p<0.001); albumin was significantly lower in MS patients
with progressive forms than in controls and those with RRMS
(p<0.001); TRAP and NOx were significantly lower in both
MS subgroups than in controls (p=0.002 and p<0.001, re-
spectively); and AOPP was significantly lower in RRMS than
in controls (p=0.013).

Table 6 shows the outcome of a multinomial logistic re-
gression analysis with the two subgroups of MS patients and
controls as dependent variable and the biomarkers and age as
explanatory variables. The overall regression was highly sig-
nificant (x2 =116.20, df = 14, p<0.001; Nagelkerke = 0.446).

Patients with other MS subtypes were significantly differenti-
ated from controls by increased ferritin and lowered albumin
levels. Patients with RRMS were significantly differentiated
from controls by increased ferritin and CL-LOOH and
lowered TRAP, AOPP, and NOx. Albumin and AOPP were
significantly different between patients with RRMS versus
those with other MS clinical forms.

Discussion

The main finding of the present study was that ferritin and
albumin and some oxidative stress blood markers (CL-
LOOH, AOPP, NOx, and TRAP) may be considered as pre-
dictors of MS, independently of sex, age, and treatment of the
patients. In this model of analysis, 82.7% ofMS patients were
correctly classified with MS, with sensitivity of 73.6 % and
specificity of 89.5 %. The second major finding of this study
was that patients with progressive clinical forms of MS pre-
sented lower levels of albumin and higher AOPP levels than
those with RRMS.

Table 3 Logistic regression
analysis with multiple sclerosis as
dependent variable (healthy
controls are the reference group)
and the listed biomarkers as
explanatory variables

Explanatory variables Wald df p value Odds ratio 95 % Confidence
interval

Lower Upper

Ferritin (μg/L) 19.10 1 <0.001 1.006 1.003 1.009

Albumin (g/dL) 5.85 1 0.016 0.306 0.118 0.799

TRAP (μM of Trolox/UA mg/dL) 8.31 1 0.004 0.996 0.994 0.999

CL-LOOH (cpm) 6.20 1 0.013 1.030 1.006 1.053

AOPP (μmol/L of chloramine-T equivalents) 9.66 1 0.002 0.990 0.983 0.996

NOx (μM) 10.62 1 0.001 0.978 0.965 0.991

df degree of freedom, TRAP total radical-trapping antioxidant parameter, UA uric acid, CL-LOOH tert-butyl
hydroperoxide-initiated chemiluminescence, AOPP advanced oxidation protein product, NOx nitric oxide
metabolites

Table 4 Logistic regression
analysis with multiple sclerosis as
dependent variable (healthy
controls as the reference group)
and the listed biomarkers and age
as explanatory variables

Explanatory variables Wald df p value Odds ratio 95 % Confidence
interval

Lower Upper

Ferritin (μg/L) 19.44 1 <0.001 1.006 1.003 1.009

Albumin (g/dL) 5.51 1 0.019 0.309 0.116 0.824

TRAP (μM of Trolox/UA mg/dL) 8.90 1 0.003 0.996 0.993 0.999

CL-LOOH (cpm) 6.74 1 0.009 1.029 1.007 1.052

AOPP (μmol/L of chloramine-T equivalents) 10.83 1 0.001 0.989 0.982 0.995

NOx (μM) 8.82 1 0.003 0.980 0.967 0.993

Age (years) 5.99 1 0.014 1.035 1.007 1.064

df degree of freedom, TRAP total radical-trapping antioxidant parameter, UA uric acid, CL-LOOH tert-butyl
hydroperoxide-initiated chemiluminescence, AOPP advanced oxidation protein product, NOx nitric oxide
metabolites
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In the current study, patients with MS showed significant
increase in lipid hydroperoxides, measured using plasma
chemiluminescent method, and this result is in agreement with
other studies, which demonstrated increased lipid

peroxidation, but using different methods [4, 17]. Previous
study [5] showed an association between oxidative stress mea-
sured by plasma chemiluminescence and disability of the MS
patients and that lipid peroxidation was present even in

Table 5 All the results of variance between inflammatory, oxidative, and nitrosative stress blood markers in patients with relapsing-remitting multiple
sclerosis (RRMS), progressive MS clinical forms (other subtypes), and healthy controls

Biomarkers Controlsa Other subtypesb RRMSc F df p value
(n= 249) (n= 83) (n= 175)
(mean ± SD) (mean ± SD) (mean ± SD)

Ferritin (μg/L) 94.65 (±90.11)b,c 176.25 (±190.99)a 230.615 (±269.76)a 22.18 2/368 <0.001

Albumin (g/dL) 4.15 (±0.31)b 3.88 (±0.32)a,c 4.08 (±0.44)b 10.21 2/365 <0.001

TRAP (μM of Trolox/UA mg/dL) 721.1 (±144.6)b,c 666.1 (±159.68)a 662.9 (±122.9)a 6.41 2/306 0.002

CL-LOOH (cpm) 16,770 (±15,787)b,c 26,831 (±19,844)a 24,992 (±13,125)a 11.78 2/305 <0.001

AOPP (μmol/L of chloramine-T equivalents) 141.82 (±61.43)c 141.14 (±71.24) 119.72 (±43.14)a 4.41 2/292 0.013

Carbonyl protein (nmol mL−1 mg−1 total protein) 77.21 (±17.03) 81.39 (±21.26) 77.05 (±18.56) 0.55 2/133 0.579

NOx (μM) 45.99 (±26.01)b,c 27.32 (±25.34)a 21.68 (±31.54)a 23.43 2/273 <0.001

F values: analyses of variance

RRMS relapsing-remitting multiple sclerosis, SD standard deviation, df degree of freedom, TRAP total radical-trapping antioxidant parameter, UA uric
acid, CL-LOOH tert-butyl hydroperoxide-initiated chemiluminescence, AOPP advanced oxidation protein product, NOx nitric oxide metabolites
a,b,c Results of protected least significant difference (LSD) at p < 0.05. Other subtypes included progressive forms of multiple sclerosis

Table 6 Multinomial logistic regression analyses with multiple
sclerosis (MS) patients divided into those with relapsing-remitting MS
(group 2) and those with other clinical forms (group 1) as dependent

variables (healthy controls as the reference group or group 0) and the
listed biomarkers and age as explanatory variables

Variables Χ2 df p value Wald for contrasts p value OR 95 % CI

Ferritin (μg/L) 34.20 1 <0.001 A vs B: 9.32 0.002 1.005 1.002–1.008

A vs C: 20.19 <0.001 1.006 1.004–1.009

B vs C: 1.906 0.167 0.999 0.996–1.001

Albumin (g/dL) 11.43 1 0.003 A vs B: 10.26 0.001 0.074 0.015–0.363

A vs C: 1.93 0.165 0.473 0.165–1.361

B vs C: 5.32 0.021 0.155 0.032–0.756

TRAP (μM of Trolox/UA mg/dL) 10.52 1 0.005 A vs B: 1.84 0.175 0.997 0.994–1.001

A vs C: 9.37 0.002 0.996 0.993–0.998

B vs C: 0.90 0.343 1.002 0.998–1.006

CL-LOOH (cpm) 9.08 1 0.011 A vs B: 1.24 0.266 1.018 0.987–1.050

A vs C: 8.24 0.004 1.033 1.010–1.056

B vs C: 1.02 0.312 0.986 0.958–1.014

AOPP (μmol/L of chloramine-T equivalents) 17.30 1 <0.001 A vs B: 0.86 0.354 0.996 0.987–1.005

A vs C: 13.84 <0.001 0.985 0.977–0.993

B vs C: 4.33 0.037 1.011 1.001–1.021

NOx (μM) 13.15 1 0.001 A vs B: 0.94 0.333 0.333 0.972–1.010

A vs C: 10.04 0.002 0.975 0.960–0.990

B vs C: 1.96 0.161 1.016 0.994–1.039

Age (years) 10.30 1 0.006 A vs B: 9.48 0.002 1.065 1.023–1.109

A vs C: 2.19 0.139 1.023 0.993–1.054

B vs C: 3.89 0.049 1.042 1.000–1.085

A: controls, B: other subtypes included progressive forms of multiple sclerosis, and C: relapsing-remitting multiple sclerosis (RRMS)

df degree of freedom,OR odds ratio,CI confidence interval (lower–upper limit), TRAP total radical-trapping antioxidant parameter, CL-LOOH tert-butyl
hydroperoxide-initiated chemiluminescence, AOPP advanced oxidation protein product, NOx nitric oxide metabolites
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patients in clinical remission, suggesting that at least at the
molecular level the neurological damage process could be
continuous and could lead to the progression of the disease.

Unexpectedly, AOPP was lower inMS patients when com-
pared in controls and between the MS clinical forms. The
decreased AOPP inMS patients could be explained by several
factors. Some pro-oxidant decreased levels may be related to
MS pathophysiology and to the role of reactive substances and
their metabolites in redox signaling. For instance, irreversible
modifications induced by oxidative stress, such as protein ox-
idation, are generally associated with permanent loss of pro-
tein function and may lead to the progressive accumulation of
damage proteins. In cells, the level of progressive accumula-
tion of modified proteins reflects the balance between the rate
of protein oxidation and the rate of oxidized protein degrada-
tion, and is dependent of multiple factors that influence the
levels of pro- and antioxidant and the levels of proteases that
catalyze the degradation of oxidized protein residues [18, 19].
Thus, different diseases in different phases may present a dif-
ferent profile in oxidative stress markers.

Our data also showed that the serum levels of NOx were
lower in MS patients compared in controls. There have been
conflicting results regarding the role of nitric oxide (NO) in
the pathophysiology ofMS [20, 21].While some studies dem-
onstrated elevated NOx levels among the MS patients [21],
others showed lower levels [5, 20]. These conflicting results
could be explained by some factors, including the effect of
therapies on NO, such as IFN-β, which can decrease induced-
NO synthesis in a dose-dependent manner by the inhibition of
inducible NO synthase (iNOS) [22]. In this study, 158 patients
were treated with IFN-β, which may influence the results
obtained. It is also likely that the reduction in NOx levels is
associated with redox imbalance demonstrated in this study. It
is known that inflammation elevates reactive oxygen species
levels and that increased NO consumption occurs with high
inflammatory activity, resulting in decreased serum NOx bio-
availability. Furthermore, NO is consumed when it reacts with
superoxide anion, producing the strong oxidant species
peroxynitrite (ONOOH−) [5, 23] that is toxic for oligodendro-
cytes and axons and seems to be a key molecule of IO&NS
involved in the pathophysiological mechanisms of MS [24].

Antioxidant deficiencies may occur during the clinical
course of MS as result of chronic inflammation that is accom-
panied by increased oxidative stress [25]. Taken together our
results show changes in the redox status in MS patients. Our
group has already demonstrated significant increased plasma
lipid oxidation and a strong decrease in plasma total antioxi-
dant capacity in patients with MS [5]. Similar results were
obtained in the present study; however, with an additional
result suggesting that these markers could be predictors of
MS development.

Elevated serum levels of ferritin during the inflammatory
response are due to release from damaged tissues, increased

synthesis, as well as decreased clearance of this positive acute
phase protein; therefore, it may play an important role as pro-
oxidant molecule [19, 26]. In addition, IFN-β therapy in-
creases ferritin concentration in MS patients [27]. Among
the MS patients included in the present study, 61.2 % were
in treatment with IFN-β; however, the analysis showed that
significant differences were not observed in the serum levels
of ferritin and other blood markers among those treated or
unmedicated patients. Nevertheless, controversy exists wheth-
er ferritin has pro- or antioxidant properties. Oligodendrocytes
have high concentrations of ferritin and iron [1, 28], and ele-
vated ferritin levels could be a defense mechanism against
iron-induced oxidative injury. However, observations that su-
peroxide can mobilize iron from ferritin suggest that exposure
to oxygen radicals may, in fact, increase the pool of reactive
iron and exacerbate oxidant injury [29]. Taken together with
the other data verified in the oxidative status of MS patients,
our study is in agreement with the later hypothesis.

In the present study, ferritin and CRP did not differ when
theMS clinical forms were compared, contrasting from higher
levels of ferritin obtained in CSF samples of patients with
progressive forms of MS [1]. The variability among different
ethnic populations, degree of disability of MS patients, time
for sample collection in the long-term evolution of the disease,
and different assays used by previous studies, also could con-
tribute to some divergent results.

Albumin is a negative acute phase reactant and constitutes
an important extracellular antioxidant defense in blood plas-
ma. This protein possesses antioxidant properties, such as
binding copper tightly and iron weakly, scavenging free rad-
icals, hypochlorous acid (HOCl) and peroxynitrite, and pro-
viding thiol group [30]. In the present study, it is possible that
the decreased albumin levels could contribute to oxidative and
nitrosative stress verified in MS patients. The reduced levels
of albumin and AOPP were the only biomarkers capable of
differentiating RRMS from the other clinical forms.

The change verified in the levels of acute phase proteins,
ferritin, and albumin, in the present study may have contrib-
uted to the redox imbalance and immune-inflammatory bur-
den in MS. The interplay between all of these factors leads to
self-amplifying feed forward loops causing a chronic state of
activated IO&NS, immune-inflammatory and autoimmune
pathways, which may sustain the disease.

There are limitations in the current study that may be con-
sidered. First, the single-point measurement of the IO&NS
markers since repeated measures should be necessary to de-
fine the variance of our findings, as well as the predictive
nature of a biomarker. However, in support to our findings,
several studies previously reported the usefulness of a single-
point measurement of these markers in MS. Second is the
relative small number of individuals with progressive MS
clinical forms. In contrast, strengths of our study are the ad-
justed results performed for many potential confounders,
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including age, sex, ethnicity, and MS therapy. In addition, this
study evaluated the IO&NS with several different methodol-
ogies making possible to find biomarkers, which could be
adequate and useful as predictive model for evaluating MS
patients.

In conclusion, we have constructed a model of MS diagno-
sis in which IO&NS biomarkers, such as ferritin, albumin,
CL-LOOH, AOPP, TRAP, and NOxwere the main predictors,
whereas albumin and AOPP were the predictors that differen-
tiated RRMS from the MS progressive clinical forms. Further
studies with large number of patients are warranted to confirm
the present results.
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