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Abstract
Objectives. Myeloperoxidase (MPO) has been implicated in Parkinson´s disease 
(PD). The objective was to look at the relationship of MPO concentration in serum 
and cerebrospinal fluid (CSF) with clinical variables of PD. 
Methods. In this prospective, observational, and cross-sectional study, MPO concen-
tration in serum and the CSF was analyzed in 36 patients with idiopathic PD and 30 
controls, who were enrolled from 2012 to 2017. In the group of patients, correlation 
of MPO content with demographic, clinical and tomographic variables was examined. 
The extent and degree of nigrostriatal dopaminergic cell loss was evaluated by using 
SPECT and 123I-Ioflupane, radioligand that has binding affinity for dopamine-
transporter (DAT). 
Results. Serum MPO concentration, not CSF MPO content, was significantly higher 
in the patients (p<.0001). Significant correlation values were found between serum 
MPO concentration and rating scales of motor severity (Hoehn-Yahr, MDS-UPDRS 
part-III), and percentage reduction of DAT binding on basal ganglia (p<.0001). 
Patients with moderate-advanced disease (Hoehn-Yahr stage 3) showed significantly 
higher serum MPO content relative to patients with early disease (Hoehn-Yahr stages 
1-2, p<.0001).  DAT binding was reduced on all striatal regions, and signal reduction 
was higher in the putamen relative to the caudate nucleus (p<.0001). Percentage 
reduction of DAT binding on the striatum and putamen significantly correlated with 
rating scales of motor severity. 
Conclusions. Myeloperoxidase content in serum is increased in PD patients and 
correlates with motor severity degree and loss of dopamine-transporter binding on 
basal ganglia. The results allow proposing that the measurement of MPO level in 
serum could be useful for PD diagnosis, and that the inhibition of serum MPO would 
be a promising therapeutic tool. The study also confirms that the putamen shows 
higher reduction of DAT binding than the caudate nucleus, and degree of nigros-
triatal dopaminergic cell loss is well quantified with rating scales of motor severity.

Resumen
Objetivos. La mieloperoxidasa (MPO) se ha relacionado con la enfermedad de 
Parkinson (EP). El objetivo fue analizar la relación entre la concentración de MPO en 
suero y líquido cefalorraquídeo (LCR) con variables clínicas de la enfermedad. 
Métodos. En este estudio prospectivo, observacional y transversal, la concentración 
de MPO en suero y LCR se analizó en 36 pacientes con EP idiopática y 30 controles, 
reclutados de 2012 a 2017. En el grupo de pacientes, se evaluó la correlación entre la 
concentración de MPO y parámetros demográficos, clínicos y tomográficos. El grado 
de pérdida dopaminérgica se cuantificó mediante SPECT y la unión de I123-Ioflupano 
al transportador de dopamina (DAT). 
Resultados. La concentración de MPO sérica, no en LCR, fue mayor en los pacientes 
(p<0,0001), y se correlacionó significativamente con escalas de gravedad motora 
(Hoehn-Yahr, MDS-UPDRS III), y el porcentaje de reducción de la señal de unión DAT 
(p<0,0001). Los pacientes con enfermedad moderada-avanzada (grado 3 de Hoehn-
Yahr) presentaban mayores niveles séricos de MPO que los pacientes con EP temprana 
(grados 1-2, p<0,0001).  La señal de unión DAT se redujo en todas las regiones estria-
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The enzyme myeloperoxidase (MPO) has been 
implicated in the development of Parkinson´s disease 
(PD) (1-5). Thus, MPO is expressed by neurons in 
the substantia nigra pars compacta, and this enzyme 
contributes to α-synuclein pathology (6, 7). Studies on 
MPO cell expression in PD have yielded conflicting 
results. Some authors have reported increased MPO 
expression in surviving neurons and active glial 
cells in the substantia nigra in diseased patients 
and animal models of PD (7-9). Other authors have 
described that the number of MPO-immunoreactive 
blood-derived cells, rather than microglia, is increase 
in basal ganglia of human PD brains (10).

MPO represents an essential component of the 
immune defense system and is expressed by periph-
eral phagocytes (neutrophils and monocytes/
macrophages) and brain glial cells (microglia and 
astrocytes) (3-5, 11). The main biochemical function 
of MPO is to catalyze the reaction between hydrogen 
peroxide and chloride giving rise to hypochlorite, 
chlorinated products, and other reactive species, 
all powerful microbicidal molecules (5, 12-14). It is 
worth noting that inflammation and oxidative stress 
are implicated in PD pathogenesis (15-17), and 
MPO-derived products are pro-inflammatory and 
pro-oxidant compounds which can damage neurons 
(2-6, 18-20).

The cytotoxicity of MPO and its localization in 
brain cells indicate its clinical importance, and 
this enzyme has been proposed to be a target for 
antiparkinsonian treatment (10, 22, 23). Recently, 
Jucaite et al (23) have provided support for proof 
of mechanisms of AZD3241, selective inhibitor of 
MPO, in PD patients, though the authors recognize 
that longer treatment is required to know if the 
effects are beneficial for therapy. To date, no study 
has examined how MPO in human biofluids relates 
to motor features in idiopathic PD. The hypothesis is 
that myeloperoxidase in blood serum or the cerebro-
spinal fluid (CSF) might be involved in dopami-
nergic cell loss in PD. The objective was hence to 
look at the relationship of MPO concentration in 
serum and the CSF with demographic, clinical and 
tomographic variables of the disease. The extent 
and degree of nigrostriatal dopaminergic cell loss 
was evaluated by using single-photon emission 
computed tomography (SPECT).

2.1. Participants 

This is a prospective, observational, and 
case-control study, where thirty-six patients with 
idiopathic PD and 30 controls were enrolled at 
Hospitals Macarena and Valme, Sevilla, Spain, 
from 2012 to 2017. Patients were diagnosed of 
PD if they present all three classic motor signs of 
parkinsonism (bradykinesia, rigidity, and resting 
tremor), and a reliable loss of dopaminergic signal 
on basal ganglia, as measured with  123I-Ioflupane 
DAT-SPECT (24-26). To exclude hereditary forms 
of Parkinsonism, those patients with family 
members with PD, younger than 45 years old, or 
with atypical deficits, were discarded. Patients at 
advanced stages of PD (Hoehn-Yahr stages 4 and 5) 
were not included in the study. Control subjects, 
free of neurological disorder, were recruited 
from volunteers or patients´ relatives. They were 
group-matched by age and gender to PD subjects. 
Controls were excluded if they had a first-degree 
family member with a neurological disorder. 
Informed consent forms were obtained from all 
the subjects.

All protocols were approved by the internal ethics 
and scientific boards of Junta de Andalucia (PEIBA, 
CEI-Sevilla-Sur #5/10/2015 & #2017-121418738), 
Hospital Valme (CEI-Valme, #10/05/2018 & 
#1694-M1-19), Hospital Macarena (CEI-Macarena, 
19/05/2010 & 29/10/2013), and Universidad de 
Sevilla (CEI-27/05/2010). The subjects' consent was 
obtained according to the Declaration of Helsinki 
(BMJ 1991; 302:1194).

2.2. Demographic and clinical information

A standardized study was carried out, including 
information such as age, gender, hypertension, 
diabetes, rating scales of disease severity, and 
pharmacological treatment. Hypertension was 
diagnosed when blood pressure repeatedly (two 
measures fifteen days apart) exceeded 140 mmHg 
(systolic) and/or 90 mmHg (diastolic) or when 
a subject was taking antihypertensive medica-
tion. Diabetes was diagnosed according to WHO 
criteria (fasting plasma glucose ≥ 126mg/dl or 2–h 
plasma glucose ≥ 200mg/dl). Rating scales were 

1.I N T R O D U C T I O N 2. M AT E R I A L A N D M E T H O D S

tales, y dicha reducción fue mayor en putamen que en núcleo caudado (p<0.0001). La 
reducción porcentual de la señal dopaminérgica en estriado y putamen se correlacionó 
con las escalas de gravedad motora.
Conclusiones. Se demuestra que la mieloperoxidasa sérica está elevada en la EP y se 
relaciona con la gravedad motora y la reducción de señal dopaminérgica estriatal. Los 
resultados permiten proponer que cuantificar los niveles de MPO en suero podría 
ser útil para el diagnóstico de la EP, y que la inhibición de dicha enzima podría ser 
un arma terapéutica. El estudio confirma que el putamen presenta mayor pérdida de 
señal dopaminérgica que el núcleo caudado, y las escalas de gravedad motora reflejan 
adecuadamente la pérdida dopaminérgica nigroestriatal. 
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the modified Hoehn-Yahr staging, and the Interna-
tional Parkinson and Movement Disorder Society-
Sponsored revision of the Unified Parkinson’s 
Disease Rating Scale (MDS-UPDRS). Antipar-
kinsonian medication was expressed as levodopa 
equivalent dose (LED, mg per day), according to an 
established formula (27). 

Individuals suffering from liver, renal, hemato-
logical, and cardiovascular dysfunctions, as well 
as malabsorption, dementia, autoimmune diseases, 
acquired immunodeficiency syndrome, cancer, 
infectious conditions or taking statins or anti-inflam-
matory drugs were excluded from the study (peroxi-
dase markers may be altered in such conditions). 
Since alcohol, tobacco and caffeine can also alter 
oxidative biomarkers in biofluids, all participants were 
non-alcohol drinkers, non-smokers, and non-coffee 
drinkers, according to established criteria (28, 29). 

2.3. Single-photon emission computed 
tomography study
SPECT studies were performed according to a 
standardized protocol. All SPECT scans were 
performed, quantitatively analyzed, and visually 
assessed by expert physicians at the Service of 
Nuclear Medicine. The radioligand 123I-Ioflupane 
was used for classifying the extent and degree 
of dopaminergic cell loss. 123I-Ioflupane has a 
high binding affinity for presynaptic dopamine-
transporter or DAT (30-34). Four hours after 
intravenous injection of 185 MBq of 123I-Ioflupane, 
scans were acquired on a double-head gamma-
camera (Symbia-T2, Siemens) using high-resolu-
tion and low energy collimators, 180º, 128 projec-
tions, 30 s per view, and a 128 x 128 matrix. 
Data were reconstructed by filtered backprojec-
tion, transferred to a workstation for quantitative 
analysis (Syngo software). All individual patient 
studies were co-registered automatically to a mean 
template derived from studies of healthy volunteers. 
This template was used to define a 3-dimensional 
ROI map for the striatum, the caudate nucleus, the 
putamen, and the occipital cortex (OC) as reference 
region. Specific binding ratio (SBR) of the radioli-
gand was calculated by substracting the mean counts 
per pixel in the occipital cortex (OC), from the 
mean counts per pixel in the basal ganglia nucleus 
of reference (ROI) and dividing the results by the 
mean counts per pixel in the OC ([ROI-OC]/OC). 

SBR was calculated for the 4 striatal regions 
(left caudate, right caudate, left putamen, right 
putamen), as well as the striatum (left striatum, 
right striatum). The relation between observed 
SBR versus SBR as expected for individual’s age 
and gender was calculated. Afterwards, this value 
was transformed into percentage reduction of SBR 
(%rSBR) as follows: %rSBR = (100-([observed 
SBR/expected SBR] x 100)). Expected SBR value 
was calculated by using the formulas proposed 
by the European multicenter database of healthy 
controls for [123I]FP-CIT SPECT (ENC-DAT study, 
promoted by the European Association of Nuclear 
Medicine) (33, 34), as follows:

Females:

Expected SBR in the striatum = 7.15 - (0.03 x age in 
years)

Expected SBR in the caudate nucleus = 7.232 - (0.0273 
x age)

Expected SBR in the putamen = 7.116 - (0.0339 x age)

Males:

Expected SBR in the striatum = 6.75 - (0.03 x age)

Expected SBR in the caudate nucleus = 6.8 - (0.02733 
x age)

Expected SBR in the putamen = 6.702 - (0.0339 x age)

The minimum putamen (calculated as the minimum 
SBR value from either the left or right putamen) 
was determined, and a subject was considered to 
have a normal DAT binding if minimum putamen 
SBR was >80% versus SBR as expected for age 
and gender. A subject was considered to have a 
deficit in DAT binding if the putamenal SBR was 
less than 65% as predicted for individual’s age and 
gender (26). Regarding subjects with percentage 
reduction of SBR between 65 and 80% relative 
to normal, visual interpretation was used to 
determine eligibility, following established criteria 
(25, 26, 32-34). 

2.4. Serum and cerebrospinal fluid collection 
and ELISA analysis
Myeloperoxidase was measured in blood serum 
and the cerebrospinal fluid. Blood was obtained by 
venipuncture. Five ml of blood were collected in 
gel-coated tubes to obtain serum (BD Vacuotainer, 
Madrid). Serum was centrifuged at 3000 rpm during 
10 min, and then it was frozen at -80ºC in 0.5 ml 
aliquots. CSF was collected by expert physicians 
by using lumbar puncture. Two ml of CSF were 
collected, aliquoted, coded, and rapidly frozen at 
-80ºC. A 0.5-ml fresh collection was employed to 
observe the absence of traumatic puncture, and to 
quantify red cells (CSF with >500 red cells/microL 
was discarded). Serum and CSF aliquots were 
unfrozen and sonicated with homogenizing solution 
(150 mM NaCl, 50 mM HEPES, 1 mM phenyl-
methylsulfonil-fluoride, 0.6µm leupeptin, 1% Triton 
X-100, pH 7.4). Myeloperoxidase concentration was 
evaluated with an Enzyme-linked Immunosorbent 
Assay kit (Myeloperoxidase Human Instant ELISA™ 
Kit, BMS2038INST, ThermoFisher Scientific, USA), 
following manufacturer’s instructions. The sensiti-
vity of the ELISA assay is 26 pg/ml. Each sample was 
analyzed in duplicate (serum, 1/50 dilution; CSF, 
undiluted). 

2.5. Statistics

Two groups were compared with the Student’s t 
test (quantitative variables) or the χ2 test (dichot-
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omous variables). Correlations between variables 
were studied with the Pearson’s test, and values were 
adjusted for age, gender, and age-at-PD onset. Data 
normalization was verified with the Shapiro-Wilk 
test. The patients were classified into subgroups 
according to the Hoehn-Yahr staging (early disease, 
stages 1 and 2; moderate-advanced disease, stage 3), 
and these subgroups were compared. Since many 
variables were analyzed, the Bonferroni correc-
tion was used. Thus, the significance level was 
set at 0.005 to avoid making Type I errors. Data 
were analyzed with Minitab19 statistical package 
(AddLink Software Científico, Spain).

3.1. Demographic and clinical parameters, and 
MPO concentration
First, basic demographic and clinical features 
in the patients and control participants were 

compared. Hypertension was found to be signif-
icantly more frequent in PD patients than 
controls (χα

2=11.726, p<.001), as shown in Table 
1.  Serum MPO concentration, not CSF one, was 
signif icantly higher in the patients (t=4.9781, 
p<.0001, Table 1).  Serum/CSF ratio of MPO 
level was found to be signif icantly higher in PD 
patients (t=4.5062, p<.0001, Table 1).   Individual 
values of CSF and serum MPO concentration in 
all  participants are shown in Figure 1A. 

Since hypertension was found to be more 
frequent in PD patients,  the inf luence of this 
factor on MPO level was further analyzed. MPO 
concentration was quantif ied in patients with or 
without hypertension, as well  as in controls with 
or without high blood pressure. 

MPO concentration was found not to be signif-
icantly different in patients with hypertension 
(3,252±1,836 pg/ml) relative to patients without 
high blood pressure (4,058±2,082 pg/ml), as 
well as in control participants with hypertension 
(1,662±305 pg/ml) versus controls without high 
blood pressure (1,423±690 pg/ml). 

3. R E S U LTS

Figure 1. (A) Individual concentration of myeloperoxidase in serum and the cerebrospinal fluid in patients with idiopathic 
Parkinson’s disease and controls, and (B) serum and CSF MPO concentration in patients with early (Hoehn-Yahr stages 1 and 
2) and moderate-advanced disease (Hoehn-Yahr stage 3), and control participants.  (A) Serum MPO concentration, not CSF 
one, was significantly higher in the patients than in control subjects (t=4.9781, **p<.0001). Mean and standard deviation are 
represented with solid lines. (B) Serum MPO concentration was significantly higher in both PD groups than in controls (early 
disease, t=4.496, **p<.0001; moderate-advanced disease, t=8.0719, **p<.0001), and patients with moderate-advanced di-
sease showed significantly higher serum MPO content relative to patients with early disease (t=4.1533, ## p=.0002). Abbrev.: 
CSF, cerebrospinal fluid; MPO, myeloperoxidase.
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Table 1.- Demographic and clinical parameters as well as MPO levels in serum and the cerebrospinal fluid in 
the patients with PD and controls

Parameters PD (n=36) Controls (n=30) P

Age, years 65.6±9 68.4±12 NS

Gender, male n (%) 21 (58) 12 (40) NS

Hypertension, n (%) 14 (39) 5 (16.6) <.001

Diabetes, n (%) 2 (5.5) 2 (6.6) NS

Levodopa equivalent daily dose, mg 587.9±809

Disease duration, years 10.4±8.5

Age at PD onset, years 54.9±14

Hoehn and Yahr stage 2.1±0.8

Total MDS-UPDRS (I-III) (on) 40.9±23

MDS-UPDRS part III (on) 27.2±13

MDS-UPDRS part IV (all patients) 1.5±2

Biofluids content

Serum MPO (pg/ml) 4,098±2,865 1,430±683 <.0001

CSF MPO (pg/ml) 109±69 98±44 NS

Serum/CSF ratio of MPO 46±28 20±16 <.0001

Serum MPO versus CSF MPO (Pearson´s r) -.202 -.168 NS

                                                  Hoehn Yahr stage and serum MPO content (pg/ml)

PD Control

Early disease (H-Y stage 1-2; n=25) 3,011±1,790 1,430±683 <.0001

Moderate-advanced disease (H-Y stage 3; n=11) 6,569±3372 ** 1,430±683 <.0001

         Hoehn Yahr stage and CSF MPO content (pg/ml)

Early disease 95±64 98±44 NS

Moderate-advanced disease 142±72 98±44 NS

Mean ± SD. Statistical comparisons were carried out with the χ2 test (dychotomous variables) or the Student’s t test (quanti-
tative variables), and Bonferroni correction. ** P=.0002 vs. early disease. Abbrev.: CSF, cerebrospinal fluid; H-Y, Hoehn and 
Yahr; PD, Parkinson’s disease; MPO, myeloperoxidase; NS, no significant; MDS-UPDRS, International Parkinson and Mo-
vement Disorder Society-Sponsored revision of the Unified Parkinson’s Disease Rating Scale; P, two-tailed probability value.
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3.2. DAT-SPECT parameters

Regarding DAT-SPECT, all striatal regions (the 
putamen and the caudate nucleus) showed loss 
of nigrostriatal dopaminergic neuronal terminals 
in the cohort of patients, as quantified through 
percentage reduction of SBR or %rSBR (Table 
2). The absolute value of specific binding ratio 
(SBR) was significantly lower in the left and right 
putamen versus right and left caudate nucleus, 
respectively (right, t=7.4626; left, t=9.1306, 
p<.0001; Table 2). Percentage reduction of SBR 
(%rSBR) was found to be significantly higher in 
the left and right putamen relative to the right and 
left caudate nucleus, respectively (right, t=4.2726; 
left, t=5.4527, p<.0001; Table 2). Individual values 
of specific binding ratio of  123I-Ioflupane on basal 
ganglia, and percent reduction of DAT binding in 
patients with idiopathic Parkinson’s disease are 
available upon request.

3.3. Correlation of serum and CSF myelope-
roxidase concentration with demographic, 
clinical and DAT-SPECT parameters
Significant correlations were found between serum 
MPO concentration and the rating scales Hoehn-

Yahr staging (p=.0003) and motor MDS-UPDRS 
part III (p=.005), as well as percentage reduction of 
SBR or %rSBR on basal ganglia (p<.001), as shown 
in Table 3 and Figure 2. PD patients were divided 
into two subgroups according to disease severity: 
early disease, Hoehn-Yahr stages 1 and 2, n=25; 
and moderate-advanced disease, Hoehn-Yahr stage 
3, n=11 (no patients at stages 4 or 5). Statistical 
comparisons revealed that serum MPO concentra-
tion was significantly higher in both PD subgroups 
than in controls (early disease, t=4.496, p<.0001; 
moderate-advanced disease, t=8.0719, p<.0001), 
and that patients with moderate-advanced disease 
showed significantly higher serum MPO content 
relative to patients with early disease (t=4.1533, 
p=.0002), as shown in Table 1 and Figure 1B. 
Taken together, the results indicate that serum 
MPO content is related to degree of motor severity 
of PD. Finally, no significant correlation was found 
between serum MPO concentration and CSF MPO 
content (patients, r= -.202; controls, r= -.168, 
NS; Table 1), indicating that both parameters are 
independent to each other.

Regarding DAT-SPECT data, percentage reduction 
of DAT binding on the striatum and putamen 
positively correlated with rating scales of motor 
severity (right and left striatum, and right and left 

Table 2.-  DAT-SPECT parameters in the cohort of patients with idiopathic Parkinson´s disease

SBR P

Right striatum 2.4998±0.5202

Left striatum 2.5517±0.5491

Right caudate nucleus 3.0131±0.7608 <.0001 vs. right putamen

Left caudate nucleus 3.3149±0.5928 <.0001 vs. left putamen

Right putamen 1.9528±0.3846

Left putamen 2.1696±0.4637

%rSBR

Right striatum 45.2±15.3

Left striatum 43.9±15.1

Right caudate nucleus 29.7±26.8 <.0001 vs. right putamen

Left caudate nucleus 26.6±21.8 <.0001 vs. left putamen

Right putamen 52.9±16.2

Left putamen 50.7±15.1

Mean ± SD. Statistical comparisons were carried out with the Student’s t test, and Bonferroni correction of significance. Ab-
brev.: DAT-SPECT, Dopamine-transporter Single Photon Emission Computed Tomography; P, two-tailed probability value; 
SBR, specific binding ratio; %rSBR, percentage reduction of SBR.
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putamen vs. Hoehn-Yahr scale, p<.005; vs. motor 
MDS-UPDRS part III, p<.005), as shown in Table 3 
and Figure 3. Percentage reduction of DAT binding 
on the caudate nucleus did not significantly 
correlate with rating scales of motor severity. Taken 

together, these results indicate that the degree of 
loss of striatal dopaminergic neuronal terminals, as 
evaluated with DAT-SPECT, is well quantified with 
rating scales of motor severity that are commonly 
used in the clinics.

Figure 2. Correlation values between serum MPO concentration and percentage reduction of specific binding ratio or %rSBR 
on basal ganglia in patients with idiopathic Parkinson’s disease.  Significant correlation was found between serum MPO con-
centration and percentage reduction of SBR or %rSBR on basal ganglia (all p<.0005). Abbrev.: CSF, cerebrospinal fluid; MPO, 
myeloperoxidase; MDS-UPDRS, International Parkinson and Movement Disorder Society-Sponsored revision of the Unified 
Parkinson’s Disease Rating Scale; SBR, specific binding ratio; %rSBR, percentage reduction of SBR.

Figure 3.  Correlation values between percentage reduction of specific binding ratio on basal ganglia (%rSBR), and rating 
scales of disease severity (Hoehn-Yahr scale, motor MDS-UPDRS part III) in patients with idiopathic Parkinson’s disease.  
Percentage reduction of DAT binding on the striatum and putamen positively correlated with rating scales of motor severity 
(right and left striatum, and right and left putamen vs. Hoehn-Yahr scale, p<.005, motor MDS-UPDRS part III, p<.005). Ab-
brev.: MDS-UPDRS, International Parkinson and Movement Disorder Society-Sponsored revision of the Unified Parkinson’s 
Disease Rating Scale; SBR, specific binding ratio; %rSBR, percentage reduction of SBR.
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Table 3.-  Correlation of serum and CSF MPO concentration with demographic, clinical and DAT-SPECT pa-
rameters, and correlation of rating scales of disease severity with percentage reduction of specific binding 
ratio, in patients with idiopathic Parkinson’s disease

Serum P CSF P

MPO concentration and demographic and clinical parameters

Age, years .212 NS -.168 NS

Gender .189 NS .202 NS

Levodopa equivalent daily dose, 
mg .137 NS -.133 NS

Disease duration, years .361 NS .262 NS

Age at PD onset, years .022 NS .-.126 NS

Hoehn and Yahr stage .571 =.0003 .212 NS

Total MDS-UPDRS (I-III) (on) .399 NS .073 NS

MDS-UPDRS part III (on) .458 =.005 .081 NS

MDS-UPDRS part IV (all patients) .128 NS .173 NS

MPO concentration and %rSBR on basal ganglia

Right striatum .678 <.0001 -.162 NS

Left striatum .687 <.0001  .027 NS

Right caudate nucleus .636 <.0001 -.191 NS

Left caudate nucleus .589 =.0002 -.218 NS

Right putamen .658 <.0001 -.125 NS

Left putamen .606 <.0001 -.019 NS

Rating scales of disease severity and %rSBR on basal ganglia 

Hoehn and 
Yahr scale (P)

Total 
MDS-UPDRS 
(P)

MSD-UPDRS    
part III (P)

MSD-UPDRS 
part IV (P)

Right striatum .561 (=.0003) .374 (NS)  .459 (=.005) -.045 (NS)

Left striatum .656 (<.0001) .427 (NS)  .462 (=.0046) .016 (NS)

Right caudate nucleus .390 (NS) .263 (NS)  .306 (NS) -.080 (NS)

Left caudate nucleus .382 (NS) .233 (NS) .294 (NS) -.176 (NS)

Right putamen .452 (=.005) .342 (NS) .471 (=.0037) -.039 (NS)

Left putamen  .478 (=.00036) .414 (NS) .531 (=.0009) .134 (NS)

Mean ± SD. Statistical correlation was carried out with the Pearson´s test, and Bonferroni correction. Percentage reduction of 
dopamine-transporter binding on basal ganglia was quantified through the specific binding ratio of the radioligand 123I-Io-
flupane.  The size of the patients´ cohort was 36. Abbrev.: PD, Parkinson’s disease; MPO, myeloperoxidase; NS, no significant; 
CSF, cerebrospinal fluid; DAT-SPECT, Dopamine-transporter Single Photon Emission Computed Tomography; MDS-UPDRS, 
International Parkinson and Movement Disorder Society-Sponsored revision of the Unified Parkinson’s Disease Rating Scale; 
P, two-tailed probability value; %rSBR, percentage reduction of specific binding ratio.
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This study demonstrates, for the first time to the best 
of our knowledge, that myeloperoxidase concen-
tration in blood serum, not in the CSF, is signifi-
cantly higher in PD patients than in healthy indivi-
duals, and that serum MPO level and reduction of 
dopamine-transporter binding on basal ganglia 
are directly linked to each other. Serum MPO 
concentration positively correlates with degree of 
motor severity of PD, and patients with moderate-
advanced disease (Hoehn-Yahr stage 3) present 
higher MPO levels than early diseased patients. 
The study also confirms that: a) there is a reliable 
reduction of dopaminergic neuronal terminals on all 
striatal nuclei in PD, as measured with DAT-SPECT, 
b) the putamen shows higher loss of DAT binding 
than the caudate nucleus, and c) degree of nigros-
triatal dopaminergic cell loss is well quantified with 
rating scales of motor severity (25, 26, 30-34). 

MPO has been implicated in the pathogenesis of 
PD. This enzyme holds promise as biomarker for 
diagnosis and prognosis of the disease (1-5), and 
it has been proposed to be a target for antipar-
kinsonian treatment (10, 22, 23). According to 
our findings, serum MPO could be a promising 
biomarker for diagnosis of PD, although larger 
studies are required to confirm it. The involvement 
of serum MPO in diseased patients, rather than CSF 
MPO, points to the implication of MPO-positive 
blood-derived cells, rather than brain microglia, 
in the pathogenesis of PD, in accordance with 
Gellhaar et al (10). On the other hand, MPO 
cytotoxicity suggests that inhibiting MPO would 
be useful for antiparkinsonian treatment. Jucaite 
et al (23) have used AZD3241, selective inhibitor 
of MPO, for treatment of PD patients in a clinic 
trial. These authors provide support for proof of 
mechanisms of AZD3241, although they recognize 
that longer treatment is required to know if the 
effects are beneficial for therapy. 

Since oxidative stress and inflammation are 
involved in PD pathogenesis (6, 15-17), it can 
be deduced that MPO, a pro-oxidative and 
pro-inflammatory molecule, might play a role in 
this neurodegenerative disease. Blood phagocytes 
(neutrophils and monocytes/macrophages) are the 
main source of MPO, and they release hypochlo-
rite and other reactive species that can damage 
neurons (3-6, 18-21). In this context, it is of 
great interest that, in other neuropathological 
conditions such as cerebral ischemia, peripheral 
phagocytes accumulate close to the damaged brain 
area and release substantial amount of hypochlo-
rite that penetrates the brain parenchyma (11). 
The number of MPO-positive cells positively 
correlates with the volume of ischemic damage, 
and blood MPO concentration is highly related 
to stroke severity (35-37). MPO levels are found 
to be elevated in blood for three weeks after the 
ischemic episode, then returning to normal (36). 
If ischemia persisted, sustained elevation of the 
number of MPO-expressing phagocytes and MPO 
content in blood would occur (37). 

Similar phenomena might take place in human 
PD. Although the results of epidemiological 
studies of the relationship between Parkinson's 
disease and stroke are conflicting (38, 39), it can 
be raised up the hypothesis that PD onset would 
be associated with stroke in the substantia nigra. 
In this context, it is noteworthy that hyperten-
sion was observed to be more frequent in the 
cohort of patients relative to controls, and high 
blood pressure is a major risk factor for stroke 
(40). Following stroke, peripheral phagocytes 
would accumulate around the substantia nigra, 
and nigral dopaminergic neurons would be 
exposed to the deleterious effects of hypochlorite. 
It is worth noting that hypochlorite and dopamine 
react preferentially with each other at physiolo-
gical concentrations, and they form toxic chloro-
dopamine, melanic chlorinated precipitates, and 
aggregates of α-synuclein, the “hallmark” protein 
of PD pathogenesis (6, 7). 

Likely a self-perpetuating process is triggered, 
more phagocytes would be recruited infiltra-
ting the mesencephalic region, and excess of 
MPO-derived products would cause continuous 
neuron damage. Further investigation on these 
topics is warranted.

The study has some limitations that should be 
acknowledged. We are unable to infer causation, 
because it is a cross-sectional design, not a longitu-
dinal study. Sample size was relativelly small, and 
larger studies are required. Serum MPO activity 
was not measured, and biochemical studies of 
enzymatic activity are also required to support the 
value of serum MPO as pathogenic factor in PD. 
Strengths of our study include well-characterized 
patients with PD, rigorous collection of data, the 
use of a very reliable SPECT technique, the use 
of Bonferroni correction to avoid making type I 
errors, and the analysis of two biofluids that are in 
close contact with brain tissue. 

This study demonstrates that concentration of the 
enzyme myeloperoxidase in blood serum, but not in 
the CSF, is significantly higher in PD patients than 
in healthy individuals, and that serum MPO level 
and reduction of dopamine-transporter binding 
on basal ganglia, an indirect measure of dopami-
nergic neuronal loss in the substantia nigra, are 
directly linked to each other. Serum MPO concen-
tration positively correlates with degree of motor 
severity of PD. 

These results would allow improving diagnosis 
of PD, and they open new avenues for treatment. 
The study also confirms that: a) there is a reliable 
reduction of DAT binding on all striatal regions in 
PD, b) the putamen shows higher reduction of DAT 
binding than the caudate nucleus, and c) degree of 
nigrostriatal dopaminergic cell loss is well quanti-
fied with rating scales of motor severity.

3. DISCUSSION

4. CONCLUSIONS
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