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Preferential Recognition of Hydroxyl Radical-Modified
Superoxide Dismutase by Circulating Autoantibodies
in Patients with Alopecia Areata

Abdullateef A. Alzolibani

Department of Dermatology, College of Medicine, Qassim University, Buraidah, Kingdom of Saudi Arabia

Background: Alopecia areata (AA) is a common form of
localized, non-scarring hair loss. The cause of AA is
unknown but reports suggest an autoimmune etiology,
where oxygen free radicals play an important role.
Objective: The aim of this study was to investigate the role of
a hydroxyl radicals ( -+ OH)-modified antioxidant enzyme,
superoxide dismutase (SOD), in AA autoimmunity. Methods:
SOD was modified by - OH radicals. Binding characteri-
stics of autoantibodies in AA patients (n=26) against -+ OH-
modified SOD ( - OH-SOD) were evaluated by immuno-
assays and the results were compared with those of healthy,
age-matched controls (n=30). The effects of + OH radicals
on immunoglobulin G (IgG) isolated from AA patients were
studied. Results: Highly specific bindingto - OH-SOD was
observed in 32% of the samples of patient sera, whereas
normal human sera showed negligible binding with either
antigen. Competitive inhibition immunoassays reiterated
the results from direct binding. Protein-A-purified 1gG from
AA patients (AA-IgG) also showed strong binding to + OH-
SOD as compared to 1gG from normal human controls (p <
0.001). In addition, AA-IgG from patients with alopecia
universalis recognized + OH-SOD to a greater extent than
did AA-IgG from patients with the patchy, persistent type of
alopecia. Furthermore, sera from AA patients had lower
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levels of SOD activity as compared to control sera.
Conclusion: This is the first report showing an association
between + OH-modified SOD and AA. These novel results
demonstrate that + OH radical-mediated changes in SOD
present unique neo-epitopes that might contribute to
antigen-driven antibody induction in AA. (Ann Dermatol
26(5) 576 ~583, 2014)
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INTRODUCTION

Alopecia areata (AA) is a non-scarring, autoimmune, infla-
mmatory condition resulting in hair loss. It is relatively
common, with an incidence of 0.15% worldwide'. Al-
though the exact pathogenesis is unknown, autoimmune
reactions have been implicated in AA”. Due to an aberrant
T cells response observed against various self antigens, AA
is now considered to be an autoimmune disease’. This
etiology has been proposed on the basis of evidence such
as its association with various autoimmune diseases* and
the presence of autoantibodies and various underlying
immunologic abnormalities in the affected sites’. How-
ever, the precise mechanism of autoantibody generation
in AA remains unclear’®. It is well documented that oxi-
dative stress plays a vital role in AA as well as other skin
disorders”"?. Various studies have shown that AA is asso-
ciated with increased formation of free radicals and a
decrease in antioxidant potential”'®"*". This may result
in oxidative damage to cell components, including pro-
teins and nucleic acids, as seen in several other auto-

. . 16-18
immune diseases .



Superoxide dismutase (SOD) is a prime antioxidant enzy-
me that eliminates the effects of superoxide, thus limiting
the toxicity from reactive oxygen species (ROS)". Hence,
SOD is considered an important regulator of oxidative
stress. SOD dysfunction has been reported in patients with
AA™?"®while SOD antigenicity has been observed in
various chronic conditions®. It is assumed that since SOD
may be constantly exposed to oxidative stress, alterations
may occur in the enzyme’s conformation and function,
resulting in modification of its biological properties.
Therefore, this study was designed to test the hypothesis
that oxidative by-products such as hydroxyl radical-
damaged SOD help to initiate autoimmunity in AA. To
test this hypothesis, the presence of circulating auto-
antibodies in AA patients directed against ROS-modified
SOD (ROS-SOD) was investigated. This novel study su-
pports the association between ROS-SOD and AA patho-
genesis and provides evidence that ROS-damaged SOD
could be an important biomarker for the evaluation of
oxidative stress in AA patients.

MATERIALS AND METHODS

Patient recruitment

The study was carried out in accordance with the Code of
Ethics for Research Involving Humans by the World
Medical Association (Declaration of Helsinki, as revised in
Tokyo 2004). The study was approved by the local ethics
committee of the College of Medicine, Qassim University,
Kingdom of Saudi Arabia. Study subjects were recruited
through the dermatology outpatient clinic of Qassim
University, Buraidah, Kingdom of Saudi Arabia, and
informed consent was obtained from each subject. The
study group included 26 AA subjects (5 females and 21
males) and their age range was 19~45 years (mean+
standard deviation [SD], 31.4+7.32 years). The duration
of the disease ranged from 1 month to 18 years. Subjects
were classified according to Alopecia Areata Foundation
Clinical Assessment Guidelines?', where subjects with less
than 100% scalp hair loss for =1 year were classified as
AA patchy persistent (AAP; n=21), while those with
100% scalp and body hair loss were classified as alopecia
universalis (AU; n=5). Except for one subject who was
treated with systemic corticosteroids and 10 subjects who
were treated with topical steroids, all other AA subjects
were untreated at the time of sample collection. The
control group comprised 30 healthy volunteers (7 female
and 23 male; age range 20 to 47 years; mean age+SD,
33.3+10.8 years). The mean age was not significantly
different between the groups. The racial/ethnic and gender
compositions of the AA groups were comparable with
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those of the control group. Venous blood samples were
collected from all subjects and stored in small aliquots at
—80°C until analysis.

Modification of SOD

SOD (catalog # S7571; Sigma-Aldrich, St. Louis, MO,
USA) was modified in phosphate-buffered saline (PBS) (10
mM sodium phosphate buffer containing 150 mM NaCl,
pH 7.4) as described previously’®*?. Briefly, an aqueous
solution of SOD (1 mg/ml) was modified by hydroxyl ra-
dicals generated by irradiating 30 «M hydrogen peroxide
at 254 nm for 30 min. Excess hydrogen peroxide (Sigma,
St. Louis, MO, USA) was removed from the samples by
extensive dialysis (dialysis tubing was obtained from
Sigma) with PBS, pH 7.4.

Purification of immunoglobulin G

Immunoglobulin G (IgG) was isolated from human serum
by affinity chromatography using Protein A-Agarose affi-
nity column (catalog # PA1-EA; Sigma-Aldrich) as descri-
bed previously”®. Serum (0.3 ml) diluted with an equal
volume of PBS, pH 7.4, was applied to the column
(12x45 mm) equilibrated with the same buffer. The
flow-through was reloaded onto the column 2 to 3 times.
Unbound proteins were removed by extensive washing
with PBS, pH 7.4. The bound IgG was eluted with 0.58%
acetic acid in 0.85% sodium chloride, neutralized with
1.0 ml Tris-HCI (1.0 M, pH 8.5), and 1-ml fractions were
collected, which were read at 251 nm and 278 nm. The
IgG concentration was determined considering that an
optical density at 278 nm (ODj7) of 1.38=1.0 mg
IlgG/ml1**. The isolated 1gG was purified by dialysis with
PBS, pH 7.4, and stored at —20°C.

Enzyme-linked immunosorbent assay

Direct-binding enzyme-linked immunosorbent assay (ELISA)
was performed using flat-bottomed, 96-well polystyrene
maxiSorp immunoplates (catalog # P8616; Nunc-Immuno
MicroWell; Sigma-Aldrich) as described previously?>?.
Briefly, plates were coated with 100 | of either native or
modified SOD (10 «g/ml in 0.05 M carbonate buffer, pH
9.6) and incubated for 2 h at room temperature (RT) and
then overnight at 4°C. Each SOD sample was coated in
duplicate and half of the plates served as controls, devoid
of antigen. Unbound antigen was washed with 10 mM
PBS-T (150 mM NaCl, pH 7.4 containing 0.05% Tween-
20; Sigma) and unoccupied sites were blocked with
blocking buffer (PBS containing 1% bovine serum albu-
min) for 1~2 h at RT. After incubation, the plates were
washed with PBS-T. The test serum (1 : 100) in PBS-T (100
1 1/well) was applied and incubated for 2 h at RT and then
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overnight at 4°C. Bound antibodies were analyzed with
anti-human horseradish peroxidase-linked conjugate (cata-
log # sc2769; Santa Cruz Biotechnology, Santa Cruz, CA,
USA) using 3,37,5,5 "-tetramethylbenzidine substrate (TMB,
catalog # 206697A; Santa Cruz Biotechnology) and the
reaction was stopped by the addition of stop solution (2 M
H,S0.). The absorbance was recorded at 405 nm using an
automatic microplate reader (Anthos Zenyth 3100 Multi-
mode Detectors; Zenyth, Salzburg, Austria).

Competitive binding assays

Antibody specificity was determined by competitive inhi-
bition ELISA as described previously””*®. Inhibitors (20 1 g)
were allowed to interact with a constant amount of serum
sample for 2 h at 37°C and then overnight at 4°C. The
immune complexes formed were coated onto immuno-
plate wells in place of serum, while the rest of the steps
were identical to those described for direct-binding ELISA.
Percent inhibition was calculated using the formula:
percent inhibition = 1T —[(Ainhibited/ Auninhibited)] X 100.

Determination of SOD activity

Activity of the antioxidant enzyme SOD in the serum sam-
ples from AA and control subjects was determined as des-
cribed previously''. Enzyme activity was determined
based on its ability to inhibit the autoxidation of epine-
phrine at pH 10.2. In a final volume of 3 ml, each cuvette
contained 0.5 ml epinephrine (1.8 mM, freshly prepared),
0.5 ml ethylenediaminetetraacetic acid (0.6 mM), 0.5 ml
sodium carbonate (0.3 M, pH 10.2), and serum samples.
The reaction was initiated by the addition of epinephrine
and the increase in absorbance was measured at 480 nm.
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Statistical analysis

Results are expressed as mean+standard error of the
mean (SEM) unless stated otherwise. One-way ANOVA
followed by a Tukey-Kramer multiple comparisons test,
and two-way ANOVA followed by a Bonferroni multiple
comparisons test were performed; p<0.05 was con-
sidered significant. All statistical analyses were performed
using GraphPad Prism version 5.0 (GraphPad Software
Inc., San Diego, CA, USA) or Origin software package
version 5.0 (Origin Lab Corporation, Northampton, MA,
USA).

RESULTS

Characterization of - OH-modified SOD

Native SOD (nSOD) was modified by hydroxyl radicals
(- OH), generated by ultraviolet irradiation of hydrogen
peroxide, and changes were induced in SOD as described
previously”. The + OH radical-modified SOD showed a
marked hypochromicity at 280 nm, loss of tryptophan/
tyrosine fluorescence, and increased protein carbonyl
content as compared to its native analogue.

Detection of antibodies against + OH-modified SOD in
patients with AA

This is the first report regarding serum levels of + OH-mo-
dified SOD (ROS-SOD)-specific antibodies in patients with
AA, in an attempt to understand the role of oxidative
damage of SOD in the pathogenesis of AA. Sera from 26
AA patients and 30 normal human (NH) subjects were
tested for antibodies binding to SOD and ROS-SOD by
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Fig. 1. Direct binding of alopecia areata antibodies to reactive oxygen species-modified superoxide dismutase (ROS-SOD). (A) Levels
of circulating antibodies in alopecia areata (AA) patients, binding to ROS-SOD and native SOD (nSOD). Anti-ROS-SOD antibodies
versus anti-nSOD antibodies, p<0.01 in AA patients. (B) Levels of circulating antibodies in normal human (NH) subjects binding
to ROS-SOD and nSOD. Anti-ROS-SOD antibodies versus anti-nSOD antibodies, p>0.05 in NH subjects. Microtiter plates were
individually coated with ROS-SOD (10 xg/ml) and nSOD (10 2 g/ml). OD: optical density or absorbance.
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specific ELISAs. The data showed that the AA sera showed
a 32% stronger antibody binding to ROS-SOD as com-
pared to NH sera, at 1 : 100 serum dilution (p<0.01) (Fig.
1A). The mean normalized absorbance at 405 nm (+ SEM)
of 26 AA serum samples and 30 NH serum samples bind-
ing to ROS-SOD was 0.38+0.11 and 0.28 +0.09, respec-
tively. On the other hand, AA and NH serum antibodies
showed negligible binding to nSOD (Fig. 1B). The mean
normalized absorbance at 405 nm (+SEM) of the 26 AA
and 30 NH sera binding to nSOD was 0.21+0.07 and
0.19+0.09, respectively.

For further confirmation of the role of ROS-SOD and its
associated autoimmunity in the pathogenesis of AA, 12
AA patients’ sera and 12 NH sera were randomly selected
and IgG was purified by affinity chromatography using a
Protein-A agarose column. The purified 1gG was eluted in
a single symmetrical peak (Fig. 2). The interaction of ROS-
SOD with affinity-purified AA-IgG and NH-IgG was ascer-
tained by direct binding ELISA. Strong binding to ROS-
SOD was observed in a majority of AA-IgG samples as
compared to NH-IgG (Fig. 3A). The average normalized
absorbance at 405 nm (+SEM) of AA-IgG and NH-IgG
binding to ROS-SOD was 0.57+0.06 and 0.33+0.10,
respectively. In the case of nSOD, both AA-IgG and
NH-IgG showed negligible binding (Fig. 3B). The average
normalized absorbance at 405 nm (+SEM) of AA-IgG and
NH-IgG binding to nSOD was 0.23+0.04 and 0.19+
0.05, respectively. The data reveal striking differences in
the recognition of ROS-SOD and nSOD by AA auto-
antibodies (p<0.001).

AA-IgGs directed to ROS-SOD were further evaluated by
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competitive binding assays. Table 1 shows the compe-
titive inhibition of different AA-IgG samples by ROS-SOD
and nSOD. All tested AA-IgGs showed strong recognition
of ROS-SOD as compared to nSOD. NH-IgGs under iden-
tical experimental conditions showed negligible recogni-
tion with either of the inhibitors (Table 1). The data reveal
marked differences in the recognition of native and ROS-
modified SOD by AA IgG (p<0.001).

Levels of anti-ROS-SOD antibodies in patients with
AAP and alopecia universalis

To further evaluate the significance of anti-ROS-SOD anti-
bodies in AA patients, the relationship between the in-
crease in the serum levels of anti-ROS-SOD antibodies in
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Fig. 2. Affinity-purification of immunoglobulin G (IgG). Elution
profile of IgG on a Protein A agarose affinity column.
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Fig. 3. Binding of Protein A-purified alopecia areata (AA) immunoglobulin G (IgG) to reactive oxygen species-modified superoxide
dismutase (ROS-SOD) and native superoxide dismutase. (A) Binding characteristic of AA-IgG and normal human (NH)-IgG to ROS-SOD.
(B) Binding characteristics of AA-IgG and NH-IgG to native SOD (nSOD). IgG from 12 AA patients and 12 NH subjects were analyzed
by direct-binding enzyme-linked immunosorbent assay. Microtiter plates were individually coated with ROS-SOD (10 s g/ml) and
nSOD (10 g/ml). For ROS-SOD: AA patients vs. *p<0.01; For nSOD: AA patients vs. NH subjects, p>0.05. OD: optical density

or absorbance.
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Table 1. Competitive inhibition of AA-IgG and NH-IgG by ROS-SOD and nSOD

AA-IgG (percent inhibition) NH-IgG (percent inhibition)

AA patients NH subjects
ROS-SOD nSOD ROS-SOD nSOD
1 30.01839 12.17730 1 5.140187 14.12844
2 30.88916 3.909226 2 10.74114 2.034429
3 42.19625 13.74152 3 18.03607 3.013994
4 52.79731 34.74674 4 6.731707 11.32723
5 41.16276 13.70266 5 7.314974 1.142422
6 52.19161 15.56484 6 16.17539 2.586976
7 36.87932 20.03974 7 14.75530 9.396752
8 48.95784 6.089419 8 15.82003 7.055631
9 53.29202 16.94383 9 8.092486 5.489260
10 41.16276 13.70266 10 3.155340 13.13869
11 46.66824 13.11293 11 6.285714 23.21095
12 47.36530 18.29726 12 7.948503 14.11947
Mean +SD 43.63+8.032 15.17+7.680 Mean +SD 10.02+4.952 8.887 +6.608

Microtitre plates were coated with ROS-SOD (10 «g/ml) and nSOD (10 «g/ml). Inhibitors concentration was 20 xg/ml. AA-IgG:
ROS-SOD vs. nSOD, p<0.0001; NH-IgG: ROS-SOD vs. nSOD, p>0.05. AA-IgG: alopecia areata-immunoglobin G, NH-IgG: normal
humans-immunoglobin G, ROS-SOD: reactive oxygen species-modified superoxide dismutase, nSOD: native SOD, SD: standard
deviation.

Table 2. Immunological studies of affinity purified 1gG from alopecia areata patients with alopecia universalis and alopecia areata
patchy persistent binding to native and ROS-SOD

Direct binding ELISA (normalized absorbance) Competitive binding ELISA (percent inhibition)

Subjects
ROS-SOD nSOD ROS-SOD nSOD
AU-IgG (n=5) 0.52+0.11% 0.33+0.14 45.21+7.21° 16.81+6.82
AAP-IgG (n=7) 0.41+0.1 5T 0.31+0.17 42.05+8.85 ! 15.26+9.08
NH-IgG (n=12) 0.2410.08T 0.22+0.07 10.02i4.95‘“ 8.89+6.61

ELISA plates were coated with ROS-SOD (10 xg/ml) and nSOD (10 «g/ml). Inhibitors concentration was 20 zg/ml. *p<0.001
versus direct binding of AU-IgG with nSOD; Tp<0.05 versus direct binding of AU-IgG with ROS-SOD; fp<0.0001 versus direct
binding of AU-IgG with ROS-SOD; %p<0.0001 versus competitive inhibition of AU-IgG with nSOD; Hp<0.05 versus competitive
inhibition of AU-IgG with ROS-SOD; %p<0.0001 versus competitive inhibition of AU-IgG with ROS-SOD. IgG: immunoglobulin G,
ROS-SOD: reactive oxygen species-modified superoxide dismutase, ELISA: enzyme-linked immunosorbent assay, nSOD: native SOD
dismutase, AU: alopecia universalis, AAP: alopecia areata patchy persistent, NH: normal human, n: number of samples tested.

100 1
patients with AAP and AU was analyzed. Table 2 summa-
rizes the direct binding and competitive binding ELISA 80 |
results of nSOD and ROS-SOD with affinity-purified 1gGs
from AAP and AU patients. Direct binding ELISA results § 60
show that anti-ROS-SOD 1gG was significantly higher in §
AU patients in comparison to AAP (p<0.05), whereas g 40+
nSOD showed negligible binding with either of the 1gG
samples. Results from competitive ELISA reiterated results 20 -
from direct binding ELISA. NH-IgG was used as negative
control, which showed negligible binding to either of the 0 , ,
antigens. AA patients NH subjects

Fig. 4. Disease-related decrease in superoxide dismutase (SOD)
activity in patients with alopecia areata (AA). Serum levels of
SOD activity in AA patients (n=25) compared with normal
human (NH) subjects (n=26). Each histogram represents the

SOD activity in patients with AA

To provide further support to the proposed hypothesis and

assess the contribution of oxidative-damaged SOD protein
in AA, the anti-oxidant function of SOD was analyzed in
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mean + standard error of the mean. SOD activity in AA patients
vs. SOD activity in NH subjects, p<0.05.



the serum. As shown in Fig. 4, the SOD activity in AA
patient sera was significantly decreased as compared to
that in sera from healthy controls (p <0.05).

DISCUSSION

AA is a disease resulting in non-scarring hair loss and ran-
ges in severity from patchy loss of scalp hair (AAP) to loss
of all scalp and body hair (AU)*’. The exact etiopa-
thogenesis of AA is not fully understood, although several
factors, including autoimmune reactions and environmen-
tal conditions, have been implicated”®*’. Achieving a
better understanding of the etiopathogenesis may help in
preventing treatment failure and determining new treat-
ment strategies for AA. Many studies have recently propo-
sed the role of oxidative stress in AA””'%">">3! A study
by Abdel Fattah et al.® demonstrated lower enzymatic
antioxidant activity and higher levels of free radicals in
patients with AA, which clearly supports evidence for an
association between AA and oxidative stress. In AA pa-
tients, several inconsistencies have also been reported
with respect to disease duration and the pattern and extent
of hair loss. With regards to disease duration, significantly
higher antioxidant activity and lower oxidant levels were
reported in patients with shorter disease duration, irres-
pective of age®. This may be attributed to the ability of the
antioxidant system to counteract harmful effects of ROS in
the case of short disease duration, thus maintaining low
oxidant levels. With regards to the pattern of hair loss, the
lowest anti-oxidant enzymatic activity and the highest
oxidant levels were noted in patients with AAP, followed
by patients with poly-AA (patients with three or more
lesions of AA) and then patients with monoAA (patients
with one or two lesions of AA), with statistically insigni-
ficant differences between groups in terms of pattern of
hair loss and age of patients®. Therefore, changes in oxi-
dative stress parameters cannot be simply attributed to age
and seem to be instead associated with disease severity.
Regarding the extent of AA, a significant negative corre-
lation was reported previously between anti-oxidant enzy-
matic activity and severity of AA, in addition to a positive
correlation between oxidant levels and disease activity®.
In comparison to other reports”'®?' these findings corre-
late with those of Naziroglu and Kokcam®' and Koca et
al."”, who demonstrated lower enzymatic antioxidant acti-
vity in the blood of patients with AA as compared to heal-
thy controls. However, these findings disagreed with those
of Akar et al.” who demonstrated higher antioxidant en-
zymatic activity in the scalp of patients with AA as com-
pared to controls, suggesting that the antioxidant defense
system is not impaired in AA. These discrepancies may be
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attributed to inconsistencies among patients studied, such
as disease duration and the pattern or severity of hair loss.
Higher enzymatic antioxidant activity in patients with AA
of shorter duration or lesser severity may be sufficient to
act as a defense against excess production of ROS. With
prolonged duration, disease progression, or with increased
severity of the disease, the protective mechanism of enzy-
matic antioxidation may become inadequate, with lower
activity resulting in increased production of oxidants and
oxidative by-products overwhelming the enzyme.

SOD is a major antioxidant enzyme and is considered to
be a first line of defense against ROS in various patho-
logical conditions®*. It is also well documented that
SOD is vulnerable to ROS, and ROS-modified SOD was
found to be an antigenic stimulus, inducing antibodies in
various autoimmune diseases>’. SOD dysfunction has also
been reported in patients with AA””">?"_ In this context, it
is expected that the characterization of oxidative status of
SOD would provide useful information regarding the re-
dox state of the human body and also regarding alterations
in the conformation and function of SOD, which may
result in modification of its biological properties. There-
fore, it is thought that SOD is continuously exposed to
oxidative stress, causing alterations to its conformation
and function, which may result in generation of autoi-
mmunity against ROS-SOD in AA.

In the present study, the binding characteristics of natu-
rally occurring AA antibodies to ROS-damaged SOD were
investigated. Sera from 26 AA patients and 30 NH sub-
jects were collected. Of these, 32% AA sera showed
preferentially high binding to ROS-SOD as compared to
its native analogue. No appreciable binding was observed
in samples from the normal subjects. For better insight
into the interaction of AA antibodies with native and
ROS-modified SOD, 1gGs from AA patients were purified
by a Protein A affinity column. Direct-binding ELISA sh-
owed that IgG from AA patients recognized ROS-SOD to a
greater extent as compared to its native form, nSOD.
Results from competitive ELISA with AA-IgG reiterated the
results from direct-binding ELISA, where the ROS-mo-
dified SOD was found to be an effective inhibitor, show-
ing substantial difference in the recognition of modified
SOD over nSOD. Thus, by employing various immuno-
logical techniques, the data clearly demonstrated a sub-
stantial increase in the recognition of ROS-modified SOD
over nSOD by circulating AA autoantibodies. Further-
more, the level of anti-ROS-SOD antibodies was found to
be higher in AU patients as compared to AAP patients.
This clearly suggests that anti-ROS-SOD antibodies have a
positive association with disease activity. The enhanced
anti-ROS-SOD antibodies observed in AA patients in this
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study motivated further evaluation of the anti-oxidant
activity of SOD in these subjects. The data showed that
SOD activity was significantly lower in the AA patients as
compared with the healthy controls. This enzymatic dys-
function of SOD in AA patients strongly supports the
hypothesis proposed for this work.

These findings suggest that in AA patients with increased
oxidative stress, the oxidative modification of blood pro-
teins is greatly enhanced. As SOD is the most potent
antioxidant blood enzyme, it is a likely candidate for
extensive damage and this may be responsible for patho-
logical conditions associated with AA. Results from this
study suggest that SOD is continuously exposed to oxida-
tive stress, so much so that alterations in its biological
properties could result from conformational changes. This
study demonstrates that ROS-induced SOD damage
occurs in AA patients, which might play an active role in
disease progression. We propose that, in addition to
serum concentration of SOD, structural changes to SOD
molecules may not only affect its protective function but
also convert it to a pro-oxidant in AA patients. This novel
study concludes that after modification with ROS, SOD
presents unique epitopes for the production of AA anti-
bodies. The present study also provides evidence to
suggest that in AA patients, the oxidation of SOD leads to
alterations in its conformation as well as its biological
properties.
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