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Abstract OBJECTIVES: Multiple sclerosis (MS) is a chronic autoimmune disease of the central nervous 
system characterized by neuroinflammation and neurodegeneration. These pathological 
conditions are coupled with phenomenon named oxidative stress. Excessive production of 
reactive oxygen and nitrogen species results inter alia in enhanced formation of advanced 
oxidation protein products (AOPP) detectable in blood plasma. Aim of our study was to 
analyse AOPP plasma levels in experimental groups and find possible association with 
multiple sclerosis and different disease forms.
METHODS: Our study included 50 control subjects and 61 MS patients, all of them with 
Central European origin. Patients were additionally divided into subgroups according 
to the selected criteria, which were disease form and Expanded Disability Status Scale 
(EDSS). Plasma levels of advanced oxidation protein products were measured by using a 
biochemical method based on their altered spectroscopic characteristics.
RESULTS: In our study we found significantly higher values of AOPP in MS patients 
compared to control group (p<0.001), both in women and men. The study of the associa-
tion with the other criteria (disease form and disability status) did not show statistically 
significant results.
CONCLUSION: AOPP can be the candidate marker for the inclusion in the panel of 
biomarkers characteristic for MS, but its use for the discrimination of MS forms has the 
limitations. Further study will be needed to verify our results.
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Introduction
Multiple sclerosis (MS) as a complex disease is char-
acterized by several pathophysiological mechanisms 
occuring in the central nervous system (CNS), such as 
autoimmune inflammatory reactions, axon demyelin-
ation, neuronal degenerative damage balanced by the 
partial recovery, gliosis, blood-brain barrier disruption, 
excitotoxicity and oxidative stress (Bielekova & Martin 
2004; Čierny et al 2016). Destruction of white and grey 
matter consequently leads to a variable clinical course 
with the impairment of motor, autonomic, visual and 
cognitive abilities (Siffrin et al 2010). Multiple sclerosis 
is the most frequent neurological disease among young 
adults, affecting women with higher prevalence than 
men. The four main types of MS, relapsing-remitting 
(RR), secondary-progressive (SP), primary-progres-
sive (PP) and progressive-relapsing (PR) are generally 
recognized (Polman et al 2005). Degree and extent of 
neurological impairment is rated by EDSS (Expanded 
Disability Status Scale) panel (Kurtzke 1983). Accord-
ing to a new concept, MS tends to be considered in 
general as a biphasic disease – first phase is active and 
inflammatory with the relapses and remissions. Second 
phase is progressive and degenerative, with massive 
demyelination and neuronal destruction. The prin-
ciples of disease onset and development are still not 
fully understood. Nevertheless, it is known that the 
essential role in driving of the MS pathology play the 
immune system and improper autoimmune reactions 
leading to the myelin sheats destruction (Gajdošechová 
et al 2017). Both the innate and acquired immunity are 
involved. Two hypotheses can clarify the MS onset. 
Outside-in hypothesis takes account of autoreactive T 
cells penetration through disrupted blood-brain bar-
rier into the CNS from peripheral tissues. On the other 
hand, inside-out hypothesis suggests that MS can be 
caused by the infection with primary origin within CNS 
(Mahad et al 2015). 

Reactive oxygen species (ROS) and reactive nitrogen 
intermediates (RNI), continuously produced by oxi-
dative metabolism, are finely balanced by antioxidant 
defense. CNS is notably susceptible to oxidative damage 
because of intensive mitochondrial metabolism, low 
level of antioxidant enzymes in oligodendrocytes and 
high content of unsaturated fatty acids, particularly in 
myelin sheats. Oxidation of myelin lipids, subsequent 
demyelination and axonal loss typical for MS result from 
excessive production of proinflammatory cytokines and 

ROS by activated immune cells (Glass et al 2010; Li et al 
2013; Ortiz et al 2016). Neuroinflammatory processes 
are coupled with changes in mitochondrial activity. 
There are observed disruptions of electron transport 
chain with electron leakage, formation of ROS leading 
to virtual hypoxia and cell apoptosis due to cytochrome 
C release (Lin & Beal 2006; Reynolds et al 2007). 

Amino acids, peptides and plasma proteins are also 
being influenced by oxidation. Excessive protein oxida-
tion results in adverse effects, such as loss of enzymatic 
activity, aggregation, fragmentation or cross-linking. 
Advanced oxidation protein products (AOPP) are 
dityrosine-containing and cross-linking protein prod-
ucts primarily formed by the reaction with chlorinated 
oxidants (Witko-Sarsat et al 1996). These are domi-
nantly released by myeloperoxidase and participate in 
neutrophil and macrophage defense mechanism. AOPP 
are intensively studied as a novel marker of oxidative 
damage (Xie et al 2014). Their elevation in numerous 
pathological conditions was proved in hemodialysis 
patients, patients with chronic kidney disease (Witko-
Sarsat et al 1998), diabetes mellitus (Kalousová et al 
2002; Piwowar et al 2009; Reynolds et al 2007), pneu-
monia (Muravlyova et al 2014) and chronic hepatitis C 
(Ozenırler et al 2011). Only a few data about AOPP and 
MS have been reported (Ljubisavljevic et al 2013; Kal-
laur et al 2017; Karlík et al 2015; Pasquali et al 2015a,b; 
Sadowska-Bartosz et al 2013). We hypothesized that an 
elevation of oxidative stress in MS can be reflected to 
the higher levels of AOPP in plasma and may be associ-
ated with multiple sclerosis onset and disability states. 

Material and methods
Subjects (clinical and demographic data)
Participants of our study were 50 healthy control indi-
viduals and 61 patients with confirmed MS diagno-
sis (Table 1). The study was approved by the Ethical 
Committee of the Comenius University in Bratislava, 
Jessenius Faculty of Medicine in Martin. All patients 
and healthy subjects provided a written informed con-
sent before the inclusion the study. MS diagnosis was 
determined according to the McDonald’s criteria in 
the Center for Demyelinating Diseases, Department 
of Neurology, Jessenius Faculty of Medicine in Martin 
and Martin University Hospital, Slovak Republic, so as 
current EDSS score. For the purposes of our study, we 
stratified the MS patients to relapsing-remitting (RR-
MS) and secondary progressive (SP-MS) groups. Cor-

Tab. 1. Study group characteristics.

Factor Controls (CTL, n = 50) Patients (MS, n = 61)

Sex 34 Women (68%) 16 Men (32%) 49 Women (80.33%) 12 Men (19.67%)

Mean age (years) 44.53±12.77 36.19±10.94 45.29±10.74 40.33±9.93

41.86±12.73 44.31±10.69
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respond to estimated EDSS score, relapsing-remitting 
MS group was additionally divided to subgroups with 
median EDSS value 3. All characteristics are shown in 
Table 2 and Table 3. 

Analytical methods
Blood collection and processing. Whole blood drawn 
by venous puncture was collected into appropiate test 
tubes, than were centrifuged (7000 rpm, 4 °C, 5 min-
utes) and plasma fraction was taken. All plasma sam-
ples were stored at –80 °C until examination. 

Principle of AOPP determination. AOPP show altered 
spectroscopic characteristics. Their concentrations in 
plasma samples were assessed with use of OxiSelect™ 
AOPP Assay Kit (Cell Biolabs, INC., San Diego, USA) 
according to product manual. Procedure is based on 
spectrophotometric method (Witko-Sarsat et al 1996). 
AOPP concentrations were expressed as μmol.l–1 of 
chloramine-T equivalents. 

Statistical analysis
All acquired data were expressed as mean ± standard 
error of the mean (SEM) or their percentage value. 
The results were statistically evaluated using Graph-
Pad INSTAT V3.01 and Student-Neuman-Keuls test 
was first carried out to test for differences between 
all groups. Value of p<0.05 was considered to be sta-
tistically significant. Individual plots were created in 
Microsoft Excel 2013. Error bars reflect the standard 
error of the mean.

Results
Demographic data are listed in Table 1, clinical data 
in Table 2 and Table 3. Our results are presented in 
Table 4. AOPP plasma values in MS patients were 
significantly higher than those in the control subjects 
(p<0.001) (Figure 1). These results analysed sepa-
rately for each gender showed significantly elevated 
AOPP plasma levels in both women (p<0.01) and men
(p<0.05) (Figure 2). When we used the other differ-
ent criteria of stratification for MS patients (RR-MS in 
comparison to SP-MS, EDSS value less than 3 and equal 
or higher than 3 in RR-MS group), we did not detect 
any significant changes between individual groups 
(p>0.05). Nevertheless the AOPP plasma values tended 

Tab. 2. Characteristic of MS group.

Factor Patients (n = 61) RR-MS (n = 52) SP-MS (n = 9)

Sex 49 Women 12 Men 44 Women (84.62%) 8 Men (15.38%) 5 Women (55.56%) 4 Men (44.44%)

Mean age (years) 44.31±10.69 43.06±10.20 51.56±11.20

EDSS (points) 3.58±1.65 3.09±1.13 6.44±1.18

Tab. 3. Characteristic of RR-MS subgroup.

Factor
RR-MS (n = 52)

EDSS<3 (n = 22) EDSS≥3 (n = 30)

Sex 18 Women (81.82%) 4 Men (18.18%) 26 Women (86.67%) 4 Men (13.33%)

Mean age 37.41±8.47 47.20±9.43

EDSS (points) 1.95±0.46 3.92±0.64

Tab. 4. Plasma AOPP levels (μmol.l-1 of chloramine-T equivalents).

Control group
MS group

Total RR-MS SP-MS

AOPP 113.74±5.33a 149.19±7.22a 146.13±7.59d 166.83±21.96d

EDSS<3: 129.23±7.58e NA

EDSS≥3: 160.44±10.08e NA

Women 110.16±6.47b 144.91±6.98b

Men 121.35±9.39c 166.67±23.27c

Values are presented as means ± SEM of control group and MS patients. The clinical data were available for all MS patients, measuring EDSS 
in each patient. Student-Neuman-Keuls test was done. 
a p<0.001 MS group vs control group
b p<0.01 MS women group vs control women group
c p<0.05 MS men group vs control men group
d p>0.05 RR-MS vs SP-MS
e p>0.05 RR-MS (EDSS<3) vs RR-MS (EDSS≥3)
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to be increased in SP-MS in comparison with RR-MS 
and in RR-MS group with EDSS equal or higher than 3 
compared to RR-MS group with lower EDSS. Relation 
between AOPP plasma values and age did not reveal a 
significant correlation (data not shown). 

Discussion 
Oxidative stress is being considered as an important 
contribution factor of multiple sclerosis pathology going 
hand in hand with the autoimmune reactions acting 
through cellular factors and breaking down the immu-
nological tolerance. Pivotal role in neuroinflammation 
and neurodegeneration play microglial cells. In response 
to certain molecular inflammatory factors, microglia 
become activated and express proinflammatory cyto-
kines and neurotoxic molecules. Activated microglia 
also cause disruption of blood-brain barrier by changing 
its selectivity and permeability. Infiltration of autoreac-
tive CD4+ T cells into CNS can thus promote additional 
imbalance of CNS homeostasis and neuroinflamma-
tion (González et al 2014). Both plasma and memory B 
cells participate in MS pathology after penetration the 
CNS, but B cells also promote inflammatory processes at 
peripheral level. By-product of all immune reactions are 
reactive oxygen and nitrogen species with potentially 
harmful impact (Fraussen et al 2014; Macchi et al 2015; 
Reindl et al 2010). Advanced oxidation protein products 
are referred as a stable, although nonspecific marker of 
oxidative damage, arising by reaction of the protein with 
reactive oxygen species, including superoxide anion, 
hydrogen peroxide, hydroxyl radical or hypochlorous 
acid (Witko-Sarsat et al 1996). On the basis of occur-
rence of oxidative stress in MS, the aim of our study 

was to find out the association between plasma AOPP 
levels and multiple sclerosis in Slovak MS patients. We 
measured the AOPP values in healthy control subjects 
and MS patients and find out their association with the 
various disease forms and disability degree. 

Our findings are in accordance with previous stud-
ies, where the elevated plasma levels of AOPP of MS 
patients have been also found. In the study (Pasquali 
et al 2015b), examination of 60 MS patients and 81 
healthy individuals showed significantly higher levels 
in MS patients in general, but there was found no 
significant correlation between AOPP plasma levels 
and disease disability. Patients were divided to active 
and not active groups consistent with described crite-
ria (Lublin et al 2014) defined by relapse occurrence 
and MRI lesions activity. According to this, active MS 
patients had higher AOPP plasma levels than not active, 
but these results were not statistically relevant. On the 
contrary, another study (Kalousová et al 2002) indicates 
considerable association between disease activity and 
AOPP plasma levels. Examination of 50 patients with 
clinical-isolated syndrome (CIS-MS), which is typical 
by acute or subacute disease attack indicating a possi-
bility of conversion to the definite MS, revealed higher 
plasma levels of AOPP than in a group of 57 RR-MS 
patients (p<0.05). Similar results were observed in 
MS patients with higher EDSS score (p<0.05). In line 
with our results, this study showed increased values 
of plasma AOPP in MS patients compared to healthy 
control subjects. These data confirm the role of oxida-
tive stress in MS and suggest the additional usability of 
plasma AOPP in definition of disease state. 

The results of a large study (Kallaur et al 2017) with 
inclusion of 212 MS patients and 249 healthy control 
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Fig. 1. Plasma AOPP values in control group and MS group 
(p<0.001).

Fig. 2. Plasma AOPP levels – gender differences between control group 
and MS group. Significantly different when compared women **p<0.01 and 
men +p<0.05.
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subjects showed that plasma AOPP levels were signifi-
cantly lower in patients with lower EDSS in compari-
son to MS patients with higher EDSS. Study reveals that 
neither the applied therapy nor the type of treatment 
(no drugs, IFN-β or glatirameracetate) are significantly 
related to plasma AOPP values. Increased AOPP levels 
indicate the presence of chronic oxidative stress in MS 
due to continual progressive changes. On the other side, 
research (Sadowska-Bartosz et al 2013) indicates higher 
plasma levels of AOPP in patients with RR-MS without 
treatment than in patients with treatment. Patients with 
RR-MS without treatment and in clinical relapse had 
significantly higher plasma AOPP levels than patients 
with clinically stable MS and control group. Limitation 
of that study could be the fact, that it included smaller 
groups of 14 RR-MS patients without treatment, 18 
patients treated with IFN-β1a, 19 with IFN-β1b and 9 
with glatiramer acetate. 

In contrast to our results, another study did not 
reveal any statistically significant differences between 
AOPP plasma values in MS patients with various forms 
of multiple sclerosis (Pasquali et al 2015a). This study 
involved 51 patients (41 with CIS-MS or RR-MS, 10 
with SP-MS) and suggested no association of disease 
type with plasma AOPP values. Research group (Karlík 
et al 2015) from Central European region focused on 
possible usefulness of saliva for diagnostic process of 
MS and the plasma and salivary AOPP values were 
compared. Interestingly, the examination of 29 patients 
and 29 healthy controls showed significantly higher 
AOPP levels in plasma (p<0.01) of MS patients, but not 
in saliva. Similar salivary concentrations of AOPP in 
MS patients and controls can be explained by tedious 
release of these high molecules in saliva (Karlík et al 
2015). 

In our study, a significantly higher levels of plasma 
AOPP were found in MS patients, both in men and 
women. In accordance with previously mentioned 
results of the other studies (Kallaur et al 2017; Karlík et 
al 2015; Ljubisavljevic et al 2013; Pasquali et al 2015b; 
Sadowska-Bartosz et al 2013), we confirmed the asso-
ciation of AOPP plasma levels as a biomarker with 
multiple sclerosis. Correlation of plasma AOPP values 
and disease disability progression also seems to be 
applicable. Our results showed the tendency of positive 
correlation of EDSS score with plasma AOPP values, 
but without statistical significance. 

In summary, the level of advanced oxidation protein 
products is easily detectable plasma biomarker of oxi-
dative stress. Increased levels of plasma AOPP found 
in MS patients demonstrate the oxidative changes of 
plasma proteins and reflect whole-body oxidative stress 
due to the autoimmune proinflammatory conditions. 
Plasma AOPP can be used as additional diagnostic and 
prognostic marker for MS, but the association with 
disability status is limited. Further studies are needed 
to confirm these findings, especially for estimation of 
disease disability status.

Acknowledgements
This  study was supported by the projects 2012/30-
UKMA-7 ‘Biological and molecular markers of mul-
tiple sclerosis’ (Ministry of Health, Slovak Republic), 
26220220114 ‘Identification of Novel Markers in Diag-
nostic Panel of Neurological Diseases’, 6220220021 
‘Centre for Translational Medicine’, APVV-15/0107 and 
„Biomedical Center Martin“, ITMS code: 26220220187, 
the project is co-financed from EU sources. 

 
REFERENCES

1  Bielekova B & Martin R (2004). Development of biomarkers in 
multiple sclerosis. Brain. 127: 1463–1478. 

2  Čierny D, Michalik J, Škereňová M, Kantorová E, Sivák Š, Javor 
J, et al (2016). ApaI, BsmI and TaqI VDR gene polymorphisms in 
association with multiple sclerosis in Slovaks. Neurol Res. 38(8): 
678–684. 

3  Fraussen J, Claes N, de Bock L, Somers V (2014). Targets of the 
humoral autoimmune response in multiple sclerosis. Autoimmun 
Rev. 13(11): 1126–1137. 

4  Gajdošechová B, Javor J, Čierny D, Michalik J, Ďurmanová V, 
Shawkatová I, et al (2017). Association of FOXP3 polymorphisms 
rs3761547 and rs3761548 with multiple sclerosis in the Slovak 
population. Act Nerv Super Rediviva. 59(1): 9–15. 

5  Glass CK, Saijo K, Winner B, Marchetto MC, Gage FH (2010). 
Mechanisms underlying inflammation in neurodegeneration. 
Cell. 140: 918–934. 

6  González H, Elgueta D, Montoya A, Pacheco R (2014). Neuroim-
mune regulation of microglial activity involved in neuroinflam-
mation and neurodegenerative diseases. J Neuroimmunol. 
274(1–2): 1–13. 

7  Kallaur AP, Reiche EM, Oliveira SR, Simão AN, Pereira WL, Alfieri 
DF, et al (2017). Genetic, immune-inflammatory, and oxidative 
stress biomarkers as predictors for disability and disease pro-
gression in multiple sclerosis. Mol Neurobiol. 54(1): 31–44.

8  Kalousová M, Skrha J, Zima T (2002). Advanced glycation end-
products and advanced oxidation protein products in patients 
with diabetes mellitus. Physiol Res. 51(6): 597–604.

9  Karlík M, Valkovič P, Hančinová V, Krížová L, Tóthová Ľ, Celec 
P (2015). Markers of oxidative stress in plasma and saliva in 
patients with multiple sclerosis. Clin Biochem. 48(1–2): 24–28.

10  Kurtzke JF (1983). Rating  neurologic  impairment  in  multiple 
sclerosis: an expanded disability status scale  (EDSS). Neurology. 
33(11): 1444–1452.

11  Li J, O W, Li W, Jiang ZG, Ghanbari HA (2013). Oxidative stress and 
neurodegenerative disorders. Int J Mol Sci. 14(12): 24438–24475.

12  Lin MT & Beal MF (2006). Mitochondrial dysfunction and oxida-
tive stress in neurodegenerative diseases. Nature. 443(7113): 
787–795.

13  Ljubisavljevic S, Stojanovic I, Vojinovic S, Stojanov D, Stojanovic 
S, Cvetkovic T, et al (2013). The patients with clinically isolated 
syndrome and relapsing remitting multiple sclerosis show differ-
ent levels of advanced protein oxidation products and total thiol 
content in plasma and CSF. Neurochem Int. 62(7): 988–997.

14  Lublin FD, Reingold SC, Cohen JA, Cutter GR, Sørensen PS, 
Thompson AJ, et al (2014). Defining the clinical course of mul-
tiple sclerosis: the 2013 revisions. Neurology. 83(3): 278–286.

15  Macchi B, Marino-Merlo F, Nocentini U, Pisani V, Cuzzocrea S, 
Grelli S, et al (2015). Role of inflammation and apoptosis in mul-
tiple sclerosis: Comparative analysis between the periphery and 
the central nervous system. J Neuroimmunol. 287: 80–87. 

16  Mahad DH, Trapp BD, Lassmann H (2015). Pathological mecha-
nisms in progressive multiple sclerosis. Lancet Neurol. 14(2): 
183–193.



50 Copyright © 2017 Activitas Nervosa Superior Rediviva ISSN 1337-933X

Sandra Hányšová, Daniel Čierny, Martin Petráš, Ján Lehotský

17  Muravlyova L, Molotov-Luchanskiy V, Bakirova R, Klyuyev D, 
Demidchik L, Kolesnikova Y (2014). Myeloperoxidase activity 
and the oxidized proteins in blood neutrophils of patients with 
pneumonia. Free Radic Biol Med. 75(Suppl 1): S42–43. 

18  Ortiz GG, Pacheco-Moisés FP, Torres-Sánchez ED, Sorto-Gómez 
TE, Mireles-Ramírez M, León-Gil A, et al (2016). Multiple scle-
rosis and its relationship with oxidative stress, glutathione 
redox system, ATPase System, and membrane fluidity. In: Alina 
González-Quevedo, editor. Trending Topics in Multiple Sclerosis. 
Rijeka: InTech. ISBN 978-953-51-2656-0; p. 149–166. 

19  Ozenırler S, Erkan G, Gülbahar O, Bostankolu O, Ozbaş Demırel 
O, Bılgıhan A, et al (2011). Serum levels of advanced oxidation 
protein products, malonyldialdehyde, and total radical trapping 
antioxidant parameter in patients with chronic hepatitis C. Turk J 
Gastroenterol. 22(1): 47–53.

20  Pasquali L, Pecori C, Chico L, Iudice A, Siciliano G, Bonuccelli U 
(2015a). Relation between plasmatic and cerebrospinal fluid oxi-
dative stress biomarkers and intrathecal Ig synthesis in Multiple 
Sclerosis patients. J Neuroimmunol. 283: 39–42. 

21  Pasquali L, Pecori C, Lucchesi C, LoGerfo A, Iudice A, Siciliano G, 
et al (2015b). Plasmatic oxidative stress biomarkers in multiple 
sclerosis: relation with clinical and demographic characteristics. 
Clin Biochem. 48(1–2): 19–23.

22  Piwowar A, Knapik-Kordecka M, Warwas M (2009). Markers of 
oxidative protein damage in plasma and urine of type 2 diabetic 
patients. Br J Biomed Sci. 66(4): 194–199.

23  Polman CH, Reingold SC, Edan G, Filippi M, Hartung HP, Kappos 
L, et al (2005). Diagnostic criteria for multiple sclerosis: 2005 revi-
sions to the “McDonald Criteria”. Ann Neurol. 58: 840–846. 

24  Reindl M, Kuenz B, Berger T (2010). B cells and antibodies in MS. 
Results Probl Cell Differ. 51: 99–113. 

25  Reynolds A, Laurie C, Mosley RL, Gendelman HE (2007). Oxidative 
stress and the pathogenesis of neurodegenerative disorders. Int 
Rev Neurobiol. 82: 297–325.

26  Sadowska-Bartosz I, Adamczyk-Sowa M, Galiniak S, Mucha S, 
Pierzchala K, Bartosz G (2013). Oxidative modification of serum 
proteins in multiple sclerosis. Neurochem Int. 63(5): 507–516.

27  Siffrin V, Vogt J, Radbruch H, Nitsch R, Zipp F (2010). Multiple 
sclerosis: candidate mechanisms underlying CNS atrophy. Trends 
Neurosci. 33: 202–210. 

28  Witko-Sarsat V, Friedlander M, Capeillère-Blandin C, Nguyen-
Khoa T, Nguyen AT, Zingraff J, et al (1996). Advanced oxidation 
protein products as a novel marker of oxidative stress in uremia. 
Kidney Int. 49(5): 1304–1313. 

29  Witko-Sarsat V, Friedlander M, Nguyen Khoa T, Capeillère-Blandin 
C, Nguyen AT, Canteloup S, et al (1998). Advanced oxidation pro-
tein products as novel mediators of inflammation and monocyte 
activation in chronic renal failure. J Immunol. 161(5): 2524–2532. 

30  Xie F, Sun S, Xu A, Zheng S, Xue M, Wu P, et al (2014). Advanced 
oxidation protein products induce intestine epithelial cell death 
through a redox-dependent, c-jun N-terminal kinase and poly 
(ADP-ribose) polymerase-1-mediated pathway. Cell Death Dis. 5: 
e1006.


