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1 | INTRODUCTION

Abstract

Background: Oxidative stress is associated with several autoimmune disorders and
oxidative modification of proteins that may result in autoimmune response. This
study aims to evaluate the catalase (CAT) activity and the autoimmune response
against the native CAT and the oxidatively modified enzyme in patients with Graves'
disease (GD) and healthy controls in a comparative way.

Methods: The CAT activity was evaluated via spectrophotometric method. Using en-
zyme-linked immunosorbent assay, the reactivities of autoantibody toward native,
malondialdehyde (MDA) and hydrogen peroxide (H,0,) modified CAT were evaluated
in plasmas of patients and controls.

Results: Reduced CAT activity was found in patients compared with controls (P < .05).
It was proved that levels of IgG antibodies against MDA-modified CAT were higher
than against unmodified ones (P < .001). No changes were found for the reactivi-
ties to H,O,-modified CAT. Positive correlation was found between the reactivity to
MDA-modified CAT and the triiodothyronine level (P < .001, r = .6).

Conclusion: Our findings incriminate the MDA in the autoantibodies reactivity to
oxidatively modified CAT leading to a disturbed oxidative profile and/or the progres-

sion of GD pathology.
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intolerance, decreased appetite and cardiac manifestations, char-
acterize persons with GD.® Several studies on animals as well as

Grave's disease (GD) is an autoimmune thyroid disorder that
manifests infiltration of the thyroid gland with reactive lympho-
cytes. This lymphocytic infiltration leads to the activation of
the thyrotropin receptor (TSH-R)-B-lymphocytes that secrete
anti-thyrotropin receptor (TSH-R) antibodies responsible for the
stimulation of the thyroid gland causing the hyperthyroidism.>?
Consequently, further the autoimmune reaction, symptoms, and

signs, such as weight loss, metabolic abnormalities, fatigue, heat

on human tissues and plasmas provide evidences of an association
between oxidative stress and GD.¢? During oxidative stress, re-
active oxygen species (ROS) including hydrogen peroxide (H,0,),
superoxide radical (O, *) and hydroxyl radical (OH®) are generated
and have inherent chemical properties that confer reactivity to
different biological targets such as lipids, proteins, and deoxyri-
bonucleic acid (DNA).1*! Usually, the body is able to defend itself

against ROS by means of enzymes such as superoxide dismutase
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(SOD), catalase (CAT), and glutathione peroxidase (GPx). However,
when the level of ROS exceeds the defense mechanisms, these
enzymes may be itself oxidatively damaged.12 Indeed, anti-CAT
autoantibodies' production was described in human autoimmune
pathologies such as systemic lupus erythematosus (SLE) and ar-
thritis rheumatoid (AR).1®> However, there is no report about the
oxidative effects of ROS on CAT enzyme in thyroid disorders.

In this study, we determined whether oxidative modification of
the CAT induced by MDA and H,0, enhanced the reactivity of plas-
mas of patients with GD and healthy controls by comparison with
the reactivity toward the native enzyme.

2 | PATIENTS AND METHODS

2.1 | Ethics approval

The performed experimental protocols and consent forms were in
accordance with the guidelines of the Declaration of Helsinki and ap-
proved by the local Ethics Committee of the Hedi Chaker University

Hospital of Sfax, Tunisia.

2.2 | Patients recruitment

A total of 34 untreated Tunisian patients with GD were recruited
from the department of endocrinology inpatient and outpatient clin-
ics, Hedi Chaker University Hospital of Sfax, Tunisia.

In total, 65 healthy volunteers without familial history of auto-
immune diseases and without any recent drug treatments were en-
rolled in the study (Tables 1 and 2).

2.3 | Hormonal and antibodies tests

2.3.1 | Measurement of TSH

The evaluation of the TSH level was assessed by enzyme immu-
noassay using the ELFA technique (enzyme-linked fluorescent

TABLE 1 Basic clinical characteristics of Graves' disease
patients and healthy controls

Parameters Control GD

Number 65 34

Age (y) 42.3+98 42.3+14.3
Gender (female/male) 51/14 31/3

FT4 (pg/mL) 11.2+0.2 50.3 + 5.8***
FT3 (pg/mL) 3.9+0.01 14.8 + 1.4***
TSH (uUI/mL) 1.5+0.1 0.08 £0.01***
Anti-TPO (Ul/mL) <50 1740.6 +78.2
Anti-Tg (Ul/mL) <100 1710 + 151.6
Anti-R-TSH (nUI/mL) <2 37+29

Note: Statistical analyses were performed using unpaired t test; there
were no significant differences between the groups regarding the age
(P > .05); and significant differences were found ***P < .001.

assay). VIDAS TSH is an automated assay for the VIDAS system,
which enables human TSH in serum or plasma to be quantitatively
measured. The assay principle combines the indirect enzyme im-
munoassay method with a final fluorescent detection (ELFA). All
reaction steps are performed by the VIDAS instrument. The dis-
posable Solid Phase Receptacle serves both as a solid phase and as
a pipetting device during the assay. Reagents for the assay are all
contained in the sealed reagent strips. The results are expressed
in pUl/mL.

2.3.2 | Measurement of FT3

The determination of the serum level of FT3 was carried out by a
radioimmunoassay method using the RIA-gnost®FT3 kit (CIS bio).
This assay is based on a competition between a radioisotope-labeled
antigen and a cold antigen to be assayed for the same amount of
antibody. At the bottom of each tube coated with Ac, 50 pL of sam-
ple and 1000 pL of the 125I-FT3 tracer solution were successively
deposited. After stirring for 120 minutes at room temperature and
at a speed between 1120 and 3400 g, the liquid is removed by suc-
tion followed by taping on absorbent paper. The measurement of
the radioactivity is carried out for one minute using a gamma coun-
ter (Wallac). For each series of samples, a calibration curve is estab-
lished using standard solutions delivered with the kit. The results are

expressed in pg/mL.

2.3.3 | Measurement of FT4

The RIA-gnost® FT4 kit is used to evaluate free T4 using anti-
body-coated tubes in a two-step procedure. The serum sample
is first incubated with a polyclonal antibody bound to the solid
phase and then removed by decantation. Then, the radioactive
tracer is added to lodge the sites of antibodies remaining free
after decantation.

At the bottom of each tube coated with Ac, 100 pL of sample
and 1 mL of incubation buffer are deposited successively. After
stirring for 30 minutes using a horizontal stirrer at room tempera-
ture and at a speed between 1120 and 3400 g, the liquid is re-
moved by suction followed by tapping on absorbent paper. Then,
1 mL of the 125I-FT4 tracer solution is deposited and the tubes are
stirred again for 60 minutes. After removing the remaining liquid
that can adhere to the edge of the tubes by tapping, the measure-
ment of radioactivity is carried out for one minute using a gamma

counter (Wallac). For each series of samples, a calibration curve

TABLE 2 Catalase activity in plasmas of Graves' disease patients

Controls GD
Test n=65 n=234
Catalase (U/mg of proteins) 8.73+1.34 3.79 £ 0.76*

Note: The results are expressed as mean + SEM Statistical analyses were
performed using the unpaired t test, and significant differences were
found *P < .05 by comparison with the control group.
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was established using standard solutions delivered with the kit.

The results were expressed in pg/mL.

2.3.4 | Measurement of anti-Tg and anti-TPO

The search for anti-thyroid antibodies (anti-Tg and anti-TPO) was
performed by an ELISA kit (Orgentec). The microwells are sensitized
with recombinant TPO or human TG. In a first step, 100 pL of each
calibrator of the positive and negative controls and sera diluted 1:
100th in the dilution buffer (supplied with the kit) are deposited in
the appropriate microwells, thus allowing the specific binding of the
antibody to the fixed antigen. After incubation for 30 minutes at
room temperature, the plate is washed three times with a volume
of washing buffer (supplied with the kit) of between 250 and 300 pL
per well manually. Subsequently, 100 pL of conjugate (anti-human
1gG purified and labeled with peroxidase and ready for use) is de-
posited in each microwell and incubated at room temperature for
30 minutes. During incubation, these labeled antibodies bind to I1gG
that has recognized TG or TPO. Excess labeled unbound conjugate is
removed by three further washes. Subsequently, 100 uL of the solu-
tion of TMB (3,3,5,5 'tetramethylbenzidine) is added. A blue color is
obtained and whose intensity is proportional to the concentration of
autoantibodies in the sample. The reaction is stopped by the addition
of a hydrochloric acid solution (1 mol/L). The optical density of each
well is read at 450 nm using a bichromatic plate reader (Labsystems

Multiskan) within 30 minutes after stopping the reaction.

2.4 | Catalase activity

The method of Aebi 1984 was used to evaluate the CAT activity.'*

2.5 | Oxidative modification of the catalase enzyme

The CAT modification was assessed according to the method of
MSEDDI at al. 2017.” Two modifications of the CAT enzyme were
assessed by the MDA and the H,0,. After acid hydrolysis of the
1,1,3,3-tetraethoxypropane, the obtained MDA was brought to
pH 7 using KOH (1 N). This MDA was incubated with CAT enzyme
(1.8 mg/mL in filtered PBS) for 24 hours at 37°C. A micro bio-spin
column (Bio-Rad) 30 kd was used to eliminate the unbound MDA via
a centrifugation (16 000 g, 20 minutes). Concerning the oxidation by
the H,0,, 1.8 mg/mL of the CAT was incubated for one hour with UV
in the presence of H,0, (100 mmol/L). Enzyme modifications were
verified by the dosage of the MDA level (0 vs 0.25 umol/mL) and the
carbonyl group (1.9 vs 5.86 nmol/mL).

2.6 | Enzyme-linked immunosorbent assay (ELISA)

The CAT modification was assessed according to the method of
MSEDDI et al. 2017.” The optical density (OD) at 405 nm was deter-

mined using a micro-ELISA plate reader.

2.7 | Protein quantification

Protein Assay Kit from Bio-Rad (France) was used to determine the
protein level in the plasmas of patients and controls. The bovine
serum albumin served as a standard.

The plasmas are diluted in a volume of 800 uL of sterile water
and then added with 200 pL of Bradford reagent. The optical density
(OD) is read at 595 nm.

2.8 | Statistical analyses

The evaluation of differences between patients and controls regard-
ing the plasmatic CAT activity and the MDA level was performed
using the unpaired t test. The differences in the plasmatic reactivity
to the native CAT between patients and healthy controls were as-
sessed by ANOVA test. The evaluation of differences in plasmatic
reactivities toward native and modified CAT was considered by the
paired t test. The correlation study was assessed using Pearson
correlation test. All data are presented as means + standard error
mean (SEM). Statistical analysis and figures were performed using

GraphPad Prism 6 program.

3 | RESULTS

3.1 | Evaluation of hormonal and antibodies levels

The evaluation of the level of the thyroid hormones in GD patients'
showed anincrease in FT4 and FT3 concomitant with reduced TSH
in comparison with healthy controls (P < .001) (Table 1). In addi-
tion, high rates of anti-thyroid autoantibodies, anti-TPO, anti-Tg,
and anti-TSH-R, were detected in patients compared with controls
(Table 1).

3.2 | Determination of the catalase activity

The plasmatic CAT activity was significantly reduced in patients
compared with controls (P < .05) (Table 2).

3.3 | Immune response to MDA and H,0,
modified catalase

The plasmatic reactivity toward MDA-modified CAT was higher than
the native one in patients with GD (P < .001) (Figure 1). Remarkably,
a slight increase in the reactivity toward MDA-modified CAT was
also noted in controls (P < .05) (Figure 1). Nevertheless, the ratio
(OD of MDA-modified-CAT/ OD of native CAT) of the control group
remains significantly inferior to that observed in patients (P < .05)
(Figure 2). Concerning the modification of the CAT using the H,O,,
no changes were noted in the reactivity to the H,0,-modified CAT
in comparison with the native form in patients with GD as well as in

controls (Figure 3).
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FIGURE 1 Reactivities of plasmas to malondialdehyde-modified
catalase in patients with Graves' disease and controls. Data are
presented as mean values of optical density at 405 nm (+SEM)

of experiments performed in duplicate. Statistical analyses were
performed using paired t test, and significant differences were
found ***P <.001

p<0.01

Optical density at 405 nm
(modified CAT / native CAT)

Controls GD

FIGURE 2 Comparison of the ratio of reactivity to
malondialdehyde-modified catalase/reactivity to native catalase in
patients with Graves' disease (GD) and controls. Data are presented
as ratio of mean values of optical density at 405 nm (+SEM) of
reactivities toward modified catalase and those toward the native
one. Statistical analyses were performed using unpaired t test

3.4 | Correlation study

The statistical analyses showed a significantly positive correlation
between the reactivity toward the MDA-modified CAT and the level
of FT3 hormone (r = .6, P < .001, n = 31) (Figure 4).

4 | DISCUSSION

Results reported in the present study demonstrate that the CAT ac-
tivity was reduced in plasmas of patients with GD compared to con-
trols. These data are consistent with several studies also showing
a decrease in the CAT activity in sera and plasma of patients with
GD.*" S0, the reduced activity of the enzyme may indicate an ex-

cessive consumption or structural alterations due to oxidative stress.
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FIGURE 3 Reactivities of plasmas to hydrogen peroxide-
modified catalase in patients with Graves' disease and controls.
Data are presented as mean values of optical density at 405 nm
(+SEM) of experiments performed in duplicate. Statistical analyses
were performed using paired t test, there were no significant
differences P > .05
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FIGURE 4 Correlation between the FT3 level and the reactivity
to the malondialdehyde-modified catalase

In fact, oxidative modifications may alter the function of the enzyme
and/or create new epitopes that could generate antibody response.
Several studies supporting this hypothesis showed that the CAT en-
zyme is a major protein target of the lipid peroxidation product 4-
HNE in autoimmune diseases such as the SLE.'® In order to verify
our hypothesis, we evaluate in a comparative way the reactivity of
plasmas of patients with GD and healthy controls toward the native
CAT and toward the MDA- and H,0,-modified enzyme. Our findings
revealed high levels of 1gG anti-CAT antibodies in patients compared
with controls. This result could be explained by the autoimmune
background in GD. The evaluation of the reactivity of patients' plas-
mas against the H,0,-modified CAT showed no changes compared
with the reactivity toward the native CAT. This result indicates that
the CAT enzyme is endowed with resistance to the H,0, since it rep-
resents its substrate. Indeed, the CAT enzyme is usually endowed
with a molecule of NADH, H +, which protects it from a possible inac-
tivation by the H202.19'20 Just like the H,O,, the CAT enzyme was oxi-

datively modified by MDA and the immune response was evaluated
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in patients and controls. Our results revealed enhanced reactivity to
the MDA-modified CAT as compared to the reactivity toward the
native one in patients. Also, this high reactivity to the MDA-modi-
fied CAT correlates positively with the level of the thyroid hormone
triiodothyronine. Taken together, these observations suggest that the
high production of the H,O, during the hormonogenesis process in
GD is not directly involved in the alteration of the function of the
CAT, but rather indirectly through the generation of lipid peroxida-
tion products such as the MDA that severely affects its activity. In
fact, previous reports have implicated thyroid hormone hypersecre-
tion in the oxidative stress establishment. The hyperthyroidism state
was known to be the origin of the increase of the basal metabolic
state and the mitochondrial respiration process, resulting in increased
generation of superoxide (O,""). This radical can lead to the forma-
tion of many other reactive species, including the hydroxyl radicals
(OH®), which can readily start the free radical process of lipid per-
oxidation.® Also, thyroid H,0, involved in the hormone biosynthesis
can be turned into the highly reactive hydroxyl radical (OH®) via the
Fenton reaction.?*?® The highly reactive OH* is responsible for the
abstraction of the hydrogen from lipids that results in the formation
of lipid alkyl radical during the initiation of the lipid peroxidation pro-
cess. During the termination step, unsaturated reactive aldehydes,
like MDA and other products, were generated.?*2° Indeed, the MDA,
one of the most abundant lipid peroxidation-derived aldehydes, can
easily diffuse across membranes and can covalently modify pro-
teins in the cytoplasm and the nucleus, far from their site of origin.?
Moreover, it can bind covalently with proteins to form MDA-modified
protein adducts that are immunogenic and may act as neo-autoan-
tigens in initiating a strong autoimmune response.?’?? In line with
our results, studies by Ben Mansour et al (2008, 2010) demonstrate
that the MDA-modified CAT and SOD were better recognized in sera
of patients with two autoimmune pathologies than the unmodified
form.'31° Besides, Bakala et al (2012) demonstrated that under an
oxidative stress condition, the CAT enzyme is more susceptible than
other antioxidant enzyme to be affected by the glycation stress in
mitochondrial liver extract of rat.°

The heightened reactivity of IgG autoantibodies against MDA-
modified CAT was evidenced in plasmas of patients with GD. It seems
that the MDA has a key role in the appearance of new epitopes that
could be the target of immune response, which could contribute to
the misbalance of the oxidative profile and/or the development of
complications of the pathology.
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