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May the Thyroid Gland and Thyroperoxidase
Participate in Nitrosylation of Serum
Proteins and Sporadic Parkinson’s Disease?
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Abstract

The research group has detected nitrosative stress and a singular version of nitrosylated serum «-synuclein in
serum of Parkinson’s disease (PD) patients. Dysfunction of the thyroid gland has been proposed to be linked to
this disease. The aim of the study was to know if the thyroid gland is involved in idiopathic PD and nitrosative
stress. We studied 50 patients (early and advanced disease patients), 35 controls, and 6 subjects with thy-
roidectomy. Clinical characteristics, serum thyroperoxidase levels, and 3-nitrotyrosine proteins were analyzed.
Enzyme-linked immunosorbent assay and immunoblotting methods were employed. The findings indicated that
the prevalence of two thyroid dysfunctions (hyper- or hypothyroidism) was not found to be different in patients
relative to controls. However, the levels of the enzyme thyroperoxidase were found to be elevated in early
disease patients (p <0.006), not in advanced disease subjects, and these levels were negatively correlated with
serum 3-nitrotyrosine proteins (p<0.05), the indicators of nitrosative stress. The thyroidectomized subjects
showed very low levels of serum 3-nitrotyrosine proteins (78% reduction vs. controls) and, among these
proteins, the nitrosylated serum a-synuclein was nearly absent. These observations lead to the hypothesis that
the thyroid gland and thyroperoxidase participate in nitrosylation of serum proteins and they could influence
Parkinsonian nitrosative stress as well as nitrosylation of serum «-synuclein, a potentially pathogenic factor.
Antioxid. Redox Signal. 21, 2143-2148.

Introduction

THE RESEARCH GROUP has reported the presence of ni-
trosylation stress in serum and, to a lesser extent, cere-
brospinal fluid of early parkinsonian patients, characterized
by an excess of 3-nitrotyrosine proteins without changes in
nitroalbumin (4, 6). Nitrosative stress also leads to a post-
transcriptional modification of serum 3-nitrotyrosine o-
synuclein (3NT-aSyn), characterized by an altered profile of
tyrosine (Tyr) nitrosylation. Thus, while the nitrosylation of
tyrosines in control subjects is balanced between the tyrosine
125/136 residues at the carboxyl terminus and the Tyr39 at
the amine terminus of 3NT-aSyn, in early disease patients,

there is dominant nitrosylation of the Tyr125/136 residues. In
other words, the ratio between both parameters is reliably
higher in early parkinsonian patients relative to controls (4),
and we propose that it may represent a biomarker for early
Parkinson’s disease (PD).

It has also been proposed that phagocytic overactivity
(through myeloperoxidase excess) could underlie the ob-
served changes, but in contrast to this hypothesis, myelo-
peroxidase is not found to be augmented in serum (3). Of note
is that the thyroid gland is an organ where physiological
oxidative stress takes place, and there is a very active thyroid
peroxidase or thyroperoxidase (TPO) that is critical for io-
dination of tyrosine residues on thyroglobulin. The thyroid
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Innovation

We have detected that thyroperoxidase is elevated in
serum of patients with early Parkinson’s disease. This
elevation is negatively correlated with serum levels of 3-
nitrotyrosine proteins. These proteins are augmented in
early Parkinsonism, indicative of nitrosative stress. Fur-
thermore, the thyroid gland mediates nitrosylation of se-
rum proteins because this process is strongly reduced
in thyroidectomized subjects where, for instance, the 3-
nitrosylated «-synuclein is nearly absent. These observa-
tions indicate that the thyroid gland and its enzyme
thyroperoxidase participates in nitrosylation of serum
proteins, and hence, they may influence Parkinsonian ni-
trosative stress and nitrosylation of serum o-synuclein, a
potentially pathogenic factor.

gland has been linked to PD because some researchers have
found more prevalence of some thyroid dysfunctions among
PD patients or they have detected sympathetic denervation of
the thyroid gland in PD patients, a hallmark of the disease,
because it also occurs in other organs such as the heart and
rectum (5, 7, 8, 9). The aim was to study the role of the
thyroid gland in idiopathic PD.

Results and Discussion

First, we quantified thyroid dysfunction through the fre-
quency of hypo- and hyperthyroidism in our groups of pa-
tients and controls. In PD patients, the prevalence of
hypothyroidism was 10% and that of hyperthyroidism was
2%. In controls, the prevalence of hypothyroidism was 5.7%
and that of hyperthyroidism was 2.8%. Although the hypo-
thyroidism prevalence was nearly twice higher in PD patients
than in controls, the differences were not found to be sig-
nificant. It can be concluded that the most frequent thyroid
dysfunctions, hyper- and hypothyroidism, are not more
prevalent in PD.

Considering our previous work with blood myeloperox-
idase that could participate in nitrosative stress (4), it was
decided to evaluate serum levels of thyroid peroxidase, a
peroxidase linked to thyroid function, which could also par-
ticipate in nitrosative stress. Interestingly, TPO was found to
be elevated in early disease patients (< 0.01), not in advanced
PD subjects, as shown in Table 1. Myeloperoxidase was also
quantified, for comparison, and was devoid of serum changes,
confirming previous results (4). These findings point to a role
for TPO on sporadic PD.

Considering that TPO was found to be elevated in early
disease patients where nitrosative stress was detected previ-
ously (4), we tried to discern if this change was correlated
with nitrosative stress. Nitrosative stress was evaluated
through the enzyme-linked immunosorbent assay (ELISA)
and immunoblot of serum 3-nitrotyrosine proteins. The one-
way analysis of variance (ANOVA) indicated a significant
group effect (F,, 45=3.6, p<0.05, n=16 each group), and the
post hoc analysis revealed that serum 3-nitrotyrosine protein
levels were significantly enhanced in early PD patients
(p<0.05 vs. controls), not in advanced PD patients, as shown
in Figure 1. Blots revealed a quite similar distribution of 3-
nitrotyrosine protein bands in PD patients and controls, but
the mean Scion density of 3-nitrotyrosine protein bands was

FERNANDEZ ET AL.

TABLE 1. CLINICAL FEATURES OF PATIENTS
AND SERUM LEVELS OF THYROPEROXIDASE
AND MYELOPEROXIDASE

PD Control
(n=150) (n=35) p

Clinical parameters

Age (years) 63.4+2  67.9%10 NS

Sex, male, n (%) 24 (48) 22 (62) NS

Body-mass index 242+3  243%35 NS

Hypertension, n (%) 20 (40) 6 (17) <0.001

Dyslipidemia, n (%) 11 (22) 7 (20) NS

Vitamin A/E supplement 11 (22) 7 (20) NS

Statin use, n (%) 6 (12) 3 (8.5) NS

Aspirin, n (%) 8 (16) 4(11.4) NS

Hypothyroidism (%) 5 (10) 2 (5.7 NS

Hyperthyroidism (%) 1(2) 1(2.8) NS
Peroxidases

Myeloperoxidase (ng/ml) 41.6£6.9 29.2+9.5 NS

Thyroperoxidase (ng/ml) 1.1+0.5 0.36%0.1 NS

TPO early PD (ng/ml) 2.1£0.6"

TPO advanced 0.4+£04

PD (ng/ml)

Mean+ SEM. Statistical comparisons were carried out with the 7

test (qualitative variables) or Student’s #-test (quantitative variables).
p <0.01 versus TPO levels of advanced PD patients and controls.
PD, Parkinson’s disease; TPO, thyroperoxidase.

significantly higher in early PD patients (§79+61) than in
controls (682.3£55, p<0.05), as shown in Figure 1, further
indicating that the amount of 3-nitrotyrosine proteins was
higher in early PD patients relative to controls. The presence
of nitrosative stress in early disease patients, as measured
through the elevation of serum 3-nitrotyrosine proteins, was
hence confirmed (4).

Then, thyroperoxidase and 3-nitrotyrosine protein levels
were analyzed in search for statistical correlations. A signifi-
cant correlation was found between TPO and 3-nitrotyrosine
levels in serum of early disease patients (R = —0.46,
p<0.006), as illustrated in Figure 2. There is a negative
correlation, and the higher the TPO levels the lower the serum
3-nitrotyrosine proteins levels. Thus, in contrast to expecta-
tion, the serum thyroperoxidase level is a negative, not posi-
tive, indicator of nitrosative stress, as measured through 3-
nitrotyrosine proteins 7y levels.

For further confirming that there is a relationship between
the thyroid gland and nitrosylation of serum proteins, 3-
nitrotyrosine protein levels in six subjects with subtotal
thyroidectomy and without neurological disorder were
evaluated. Immunoblots revealed that these subjects pre-
sented a faint protein band around 65-68 kDa, with a low
mean Scion density (149.9+45, p<0.01 vs. controls, Stu-
dent’s #-test). This value represents a reduction of around
78% relative to controls. These subjects suffered from in-
complete ablation of the thyroid gland due to nodular or
multinodular goiter. Immunoblot data of representative
subjects are shown in Figure 1B.

Finally, we studied the levels of 3NT-«Syn because it has
been proposed, among 3-nitrotyrosine proteins, as a biomarker
candidate for early PD (4). By means of Western blotting and
one-step filtered serum (Amicon 50K filters), a 3-nitrotyrosine
protein band of ~56kDa was detected in serum from pa-
tients and controls corresponding to 3NT-aSyn because it was
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FIG. 1. Analysis of 3-nitro-
tyrosine proteins in patients,

>

ELISA of 3-nitrotyrosine proteins
*

controls, and thyroidecto-
mized subjects. (A) Serum
levels of 3-nitrotyrosine pro-
teins of early disease patients,
advanced disease patients, and
control subjects, as measured
with the ELISA technique.
Mean+SEM, *p<0.05 versus
control (Tukey’s test). (B) Re- 03
presentative immunoblots of
3-nitrotyrosine proteins of early
PD patients, controls, and sub-
jects  with  thyroidectomy.
Bands of proteins between 50
and 75kDa can be observed,
mostly including nitroalbumin
(68 kDa). Bands are faint in
subjects with thyroidectomy.
Right, Scion density values of
immunoblot bands of early PD,
controls, and subjects with thy-
roidectomy. Mean+ SEM,
**p <0.01 versus the remainder
groups (Tukey’s test). ELISA,
enzyme-linked immunosorbent
assay; PD, Parkinson’s disease.
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detected with anti-3NT-«Syn antibodies aimed to residues
Tyr125/136 or Tyr39. An ~56kDa band is characteristic of
tetrameric o-synuclein (1). Confirming previous results, the
3NT-oSynTyr125/136 signal was stronger in early PD patients
relative to controls (4), as measured with the Scion density
program (Fig. 3). However, the 3NT-o-SynTyr39 signal was
similar in both groups. Of note is that those subjects with
thyroidectomy showed nearly absent 3NT-aSynTyr125/136
and 3NT-aSynTyr39 bands, with low density values (p <0.01
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vs. controls and early PD patients; Newman—Keuls), as shown
in Figure 3. The density of the band corresponding to wild o-
synuclein was similar in every group, indicating that is the
nitrosylation profile of the molecule rather than the wild pro-
tein what is altered in PD.

In summary, the present study indicates that thyroid dys-
function, as evaluated through the frequency of hyper- and
hypothyroidism, is not more prevalent in PD patients than in
controls. However, the enzyme thyroperoxidase is found to
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FIG. 2. Correlation between serum levels of thyroperoxidase and 3-nitrotyrosine proteins in early disease patients
(Hoehn-Yahr stages 1 and 2, n=34). Correlation was found to be significant (R = —0.46, p <0.006; Pearson’s test). The

mean value in control subjects is represented as a gray dot.
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FIG. 3. Analysis of 3NT-aSyn in patients, controls and subjects with thyroidectomy. (A) Representative immu-
noblots of 3-nitrotyrosine-c-synuclein (after two monoclonal antibodies or mAb against 3NT- «Syn with nitrosylation of
tyrosine residues at the carboxyl terminus or 3NT-aSyn Tyr125/136 mAb and the amine terminus or 3NT-«Syn Tyr39
mADb) and wild «-synuclein in early disease patients, controls, and subjects with thyroidectomy. (B) Scion density units of
immunoblot bands of 3-nitrotyrosine-o-synuclein (after two monoclonal antibodies or mAb against nitrosylated «Syn
with nitrosylation of tyrosine residues at the carboxyl terminus or 3NT-aSyn Tyr125/136 mAb and the amine terminus or
3NT-aSyn Tyr39 mAb) and total z-synuclein in early disease patients, controls, and subjects with thyroidectomy.
Mean + SEM, *p <0.05 versus the other bands of the same group; "p<0.01 versus the same bands of controls and early
disease patients (Newman—Keuls test). 3NT-«Syn Tyr125/136, 3-nitrotyrosine-a-synuclein with nitrosylated Tyr125/136
residues; 3NT-aSyn Tyr39, 3-nitrotyrosine-o-synuclein with nitrosylated Tyr39 residue; oSyn; «-synuclein; mAb,

monoclonal antibody.

be significantly elevated in early disease patients, a fact ob-
served for the first time to our knowledge. The elevation of
TPO would represent a novel indicator of dysfunction of
the thyroid gland in early PD. This enzyme is a peroxidase,
critical for iodination of tyrosine residues on thyroglobulin
for the production of thyroid hormones. Of note is that per-
oxidase excess is usually linked to oxidative/nitrosative
stress, but TPO levels were negatively correlated with serum
3-nitrotyrosine protein levels. However, this finding indicates
that there is a link between thyroperoxidase and nitrosylation
of proteins in PD. Another finding confirmed that the thyroid
gland is involved in nitrosylation of proteins because, as
observed for the first time, the levels of 3-nitrotyrosine
proteins are strongly reduced in subjects with subtotal thy-
roidectomy.

Whether the thyroid gland mediates protein nitrosylation,
an excess of protein nitrosylation in early Parkinsonism would
be mediated by biochemical modifications within the thyroid
gland. In this context, the presence of nitric oxide (NO) in the
thyroid gland has been reported as a cofactor of TPO that
participates in the process of iodination. We hypothesize that
thyroid NO participates in nitrosylation of blood proteins,
and an excess of thyroid gland NO could come into place in
sporadic PD, a fact that requires further investigation. Baz-
zara et al. (2) described an inhibitory role of the NO/cGMP
pathway on parameters of thyroid hormone biosynthesis and
reported that NO inhibits TPO and thyroglobulin mRNA
expression. This negative relationship between TPO and ni-
trosylation was also found in the present study, but in the
opposite way. These authors postulate that the long-term
inhibition of TPO and thyroid hormonogenesis by NO could
be of interest in thyroid pathophysiology (2), and the present
data support a critical role in sporadic PD of the triad TPO,
thyroid gland function, and nitrosylation of serum proteins.
Taken together, it seems that NO overactivity may take place
in PD leading to the augmentation of 3-nitrotyrosine proteins,

and the elevation of thyroperoxidase may be a homeostatic
reaction tending to counteract the excess of nitrosylation of
serum proteins.

Finally, since the thyroid gland seems to be critical for
nitrosylation of blood proteins, it would be important for
the formation of nitrosylated serum «-synuclein, which is
nearly absent in thyroidectomized subjects. This protein is
altered in early PD where it presents dominant nitrosyla-
tion of the tyrosine residues of the carboxyl terminus and it
could participate in the pathogenesis of PD (4), pointing to
another relationship between the thyroid gland and spo-
radic PD.

Notes
Study participants

Patients suffering from PD and clinically and SPECT-
based diagnosed were included in the study. Patients were
classified according to the Hoehn—Yahr staging. All partici-
pants were nonsmokers or nonalcohol drinkers. Control
subjects were recruited from either the patients’ relatives or
volunteers without any neurological disorder and subjected to
intradural anesthesia for traumatologic surgery in the Ma-
carena Hospital. Thyroidectomized subjects without any
neurological disorder were recruited from volunteers. In-
dividuals presenting with any renal, liver, and cardiac dys-
function, malabsorption, autoimmune diseases, AIDS, diabetes
mellitus, rheumatoid arthritis, and infectious conditions (0x-
idative stress markers in peripheral blood may be altered in
such conditions) were excluded from both the PD and control
groups. Clinical information, such as age, sex, body weight,
hypertension, dyslipidemia, fasting blood sugar, coffee
drinking, smoking, taking of vitamin A/vitamin E supple-
ment, statins and aspirins, daily levodopa dose, type and
dose of dopamine agonists, and rasagiline, was gathered from
each patient.
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Serum collection and ELISA measures

Five milliliters of blood was collected, after cephalic vein
puncture, in gel-coated tubes to induce blood coagulation and
to obtain serum (BD Vacuotainer). Serum was centrifuged at
2500 rpm for 10 min, and then, it was aliquoted, coded, and
frozen at —80°C. For measuring 3-nitrotyrosine proteins, a
commercial kit was used (Oxiselect Nitrotyrosine kit; Cell
Biolabs, Inc.), following the manufacturer’s instructions. For
measuring myeloperoxidase and thyroperoxidase, commer-
cial kits were also used (myeloperoxidase, Human MPO In-
stant ELISA kit; eBioscience, thyroperoxidase, Thyroid
peroxidase Human ELISA kit, ELH-TPX-2; Raybiotech).
Serum was not diluted for ELISA.

Western blotting and albumin removal

For removing albumin from serum and better under-
standing the signal of studying the presence of serum o-
synuclein, a low denaturalizing method was used based on
filtration with Amicon Ultra S0K (Millipore), based on our
previous study (4). We have observed that one-step filtration
(not three-times filtration as usual) allows obtaining a filtrate
with molecules lower than 60kDa, and hence, albumin is
depleted without the need of magnetic beads or immuno-
precipitation. The serum samples were lysated in 10% glyc-
erol, 137 mM NaCl, and 20 mM Tris HCI, pH 7.5, containing
peptidase inhibitors (1 ug/ml aproteinin and leupeptin, 1 mM
PMSF). Protein levels were quantified by using the Bradford
method. Samples were boiled, and aliquots containing 15 ug of
protein each were subjected to SDS/polyacrylamide gel elec-
trophoresis. Proteins were transferred electrophoretically to
PVDF membranes. Immunolabeling was conducted with pri-
mary antibodies for nitrosylated o-synuclein at tyrosine 125/
136 residues (anti-nitro-o/ f-synuclein antibody, y Tyr125/136,
nSYn12; Millipore), nitrosylated o-synuclein at tyrosine 39
residue (anti-nitro-o/f-synuclein antibody Tyr39, nSYnl4;
Millipore), and a-synuclein (monoclonal anti-x-synuclein an-
tibody Syn211; Sigma-Aldrich). Primary antibodies were de-
tected with peroxidase-linked secondary antibodies (Santa
Cruz Biotechnology), with enhanced chemiluminescence
(Amersham, GE HealthCare), and autoradiography. Band
densities of resulting autoradiograms were quantified by us-
ing the Scion Image program for PC (NIH). Values are given
as intensity of bands in arbitrary Scion Units.

Statistical analysis and ethics

We enrolled 35 control subjects, six thyroidectomized
subjects, and 50 patients, comprising early disease patients
(n=34) and advanced PD patients (n=16). The early period
corresponds to Hoehn—Yahr 1 and 2 stages. The advanced
period corresponds to Hoehn—Yahr 3 and 4 stages. Differ-
ences in nitrosylation markers and clinical characteristics
between the PD and control groups were analyzed by the
test or Student’s z-test (independent samples). Immunoblot
band signals of different groups were analyzed by one-way
ANOVA, followed by Tukey’s test. When two factors were
analyzed, two-way ANOVA was employed (group and type
of a-synuclein as variables), followed by the Newman—Keuls
test. Two groups were compared with Student’s r-test. If
needed, normalization was verified with the Shapiro-Wilk
test. Correlations were studied with Pearson’s test. Informed
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consent forms, under a protocol approved by the University
of Seville and the Macarena Hospital internal ethics and
scientific boards, were obtained from all the subjects, and the
subjects’ consent was obtained according to the Declaration
of Helsinki (BMJ 1991; 302: 1194).
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Abbreviations Used
aSyn = a-synuclein
ANOVA = analysis of variance
c¢GMP = cyclic guanosine monophosphate
ELISA = enzyme-linked immunosorbent
assay
mAb = monoclonal antibody
MPO = myeloperoxidase
NaCl = sodium chloride
NO = nitric oxide
3NT-aSyn = 3-nitrotyrosine a-synuclein
3NT-aSyn-Tyr125/136 = z-synuclein with nitrosylated
tyrosines 125 and 136
3NT-aSyn-Tyr39 = a-synuclein with nitrosylated
tyrosine 39
PD = Parkinson’s disease
PMSF = phenylmethylsulfonyl fluoride
PVDF = polyvinylidene fluoride
SPECT = ssingle photon emission
computerized tomography
TPO = thyroperoxidase
Tyr = tyrosine
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