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ABSTRACT
Background: Due to the lack of definitive biomarkers, Parkinson’s disease (PD) sometime becomes difficult to
diagnose specially in early stages. Till date, its diagnosis is based on neurological examination. So, there is an unmet
need to find out specific biomarkers. The matrix metalloproteinase-3 (MMP-3) found in the peripheral blood system
may be involved in the pathophysiology of PD. The objective of the present study was to measure the level of serum
MMP-3 in PD patients and controls.
Method: Case-control study was designed to assess the level of serum MMP-3 in 59 idiopathic PD patients (early
PD=45, late PD=14) and compared with 16 neurologically healthy controls. The level of serum MMP-3 was examined
and quantified using ELISA.
Results: The mean age of PD patients (early PD+late PD) was 56.78 years and controls was 53.44 years. Majority of
the participants were male (early PD, late PD, Control: 73.3%, 85.7%, 68.8% respectively). The serum level of MMP3 in Parkinson’s patients (early PD= 74.38+6.84 ng/ml, late PD= 70.35+9.64 ng/ml) was significantly (p<0.0001)
elevated in comparison to controls (45.89 + 6.68 ng/ml). Significantly poor correlation was found between the serum
level of MMP-3 and age in all the groups (early PD r= 0.39, p<0.01; late PD r=-0.26, p>0.05; controls r= 0.18,
p>0.05).
Conclusion: Our study demonstrated the increased level of serum MMP-3 in Parkinson’s patients that may provide
clinical evidence for a supportive role of MMP-3 in the pathogenesis of Parkinson’s disease.
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Parkinson’s disease (PD) is a progressive
neurodegenerative disorder occurs due to the
massive loss of dopaminergic neurons in the
substantia nigra pars compacta (1). Resting
tremor, rigidity, akinesia (bradykinesia), and
postural instability are the primary symptoms of
PD. The patients with PD are diagnosed by the
combination of cardinal motor features,
associated and exclusionary symptoms, and
response to levodopa (2). Usually, the diagnosis
of PD is based on clinical signs and symptoms
but sometimes it can be mistaken by other forms
of parkinsonism, specially in early stage (3). Due
to symptoms overlap with other diseases e.g.
essential tremor, multiple system atrophy, and
progressive supranuclear palsy (4), only 75% of
clinically diagnosed patients of PD are confirmed
to be of idiopathic etiology at autopsy (5).
Currently, no blood test or laboratory test has
proven to help in diagnosing sporadic PD (6). In
view of the above prospective, specific
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biomarkers are needed that could be picked up
by a blood test for the precise diagnosis of PD.
In
the
past
few
decades,
matrix
metalloproteinase-3 (MMP-3) is being focused in
PD research. MMP-3 belongs to the family of
matrix-metalloproteinase
(MMPs),
zinc
dependant endopeptidases, involved in the
remodeling of extracellular macromolecules (7).
Experimental studies have shown that MMP-3
plays a crucial role in degeneration of
dopaminergic neurons in substantia nigra (8).
MMP-3 also disrupts the Blood Brain Barrier
(BBB) (9) which may allow infilteration of the
blood immune cells to the damaged region. This
BBB leakage is observed in PD patients (10).
These findings suggest that MMP-3 may be
associated with PD.
In order to find out the involvement of MMP-3 in
PD, serum concentration of MMP-3 was
measured in PD patients and controls. As far as
our knowledge, present study is the first attempt

to estimate serum level of MMP-3 in PD
patients.
MATERIAL AND METHODS
Participants
Case-control study was designed, including 59
patients with idiopathic PD (45 males, 14
females) and 16 neurologically healthy controls.
PD patients were recruited from the outpatient
clinic of the Department of Neurology,
Chhatrapati Shahuji Maharaj Medical University,
Lucknow, India. PD patients were included from
stage I to stage IV using Hoehn and Yahr (1967)
scale and diagnoses were made according to
the UK Parkinson’s Disease Society Brain Bank
criteria (11). Patients were divided into two
groups according to disease severity. First group
includes 45 patients of early PD (stage 1-2) and
second group includes 14 patients of late PD
(stage 2.5-4). Patients with secondary
parkinsonism were excluded from the study.
Sixteen neurologically healthy controls (11
males, 5 females) were also recruited from local
community. The control subjects were neither
related to one another nor to PD patients. None
of the participants had confounding diseases,
such as rheumatoid arthritis and systemic lupus
erythematosus
The study was approved by the Institutional
Ethics Committee. Written informed consent was
obtained from each participant.
Samples and Immunoassay of MMP-3
Five ml of blood was drawn from all participants.
Each sample of blood was allowed to clot at
room temperature and centrifuged at 2400 g for
10 minutes. Serum was aliquoted and stored at 0
80 C until assayed.
Human proMMP-3 and
active MMP-3 forms were measured in serum as
per manufacturer’s protocol (RayBio® Human
MMP-3 ELISA Kit #ELH-MMP3-001) with
sensitivity of 0.3 ng/ml. Antibody specific for
human MMP-3 was coated on a 96-well plate.
Standards and samples were pipetted into the
wells and MMP-3 present in a sample was
bound to the wells by the immobilized antibody.
The wells were washed and biotinylated antihuman MMP-3 antibody was added.
After
washing away unbound biotinylated antibody,
horseradish
peroxidase
enzyme
(HRP)conjugated streptavidin was pipetted into the
wells. The wells were again washed, a
tetramethyl benzidine (TMB) substrate solution
was added to the wells and color developed in

8 | JRAAS 29:07-12,2014

proportion to the amount of MMP-3 bound. The
stop solution changed the color from blue to
yellow, and the intensity of the color was
measured at 450 nm.
Serum samples of PD patients and controls
were analyzed together in batch runs. All
measurements were repeated twice and the
average value was determined. All samples
taken from recruited PD patients and controls
underwent same laboratory test to assess the
level of serum MMP-3.
Data Analysis
The summary statistics of continuous variables
are presented as mean + SD and categorical
variables are presented in proportion. Kruskal
Wallis test was used to asses the significance of
difference among groups. Chi-square test was
used to test the difference between categorical
variables. All statistical tests were evaluated at
an alpha level of 0.05. The software used for
statistical analysis was SPSS version-16 (SPSS
Inc., Chicago, Illinois, USA).
RESULTS
Subjects of all the groups were not statistically
different in terms of age and sex (P>0.05) with
male predominance. However, the disease
duration (years) of PD patients was significantly
higher in late PD patients (4.24+1.80) as
compared to early PD patients (1.88+1.32).
More than half (60%) of early PD and 21.4% of
late PD patients were not on treatment (Table
1).
Age, sex and disease duration:
In the correlation analysis, age was significantly
poorly correlated with the serum MMP-3 level in
either controls (r= 0.18, p>0.05) or PD patients
(early PD r= 0.39, p<0.01; late PD r=-0.26,
p>0.05). Mean level of MMP-3 in males vs
females of early PD patient was 75.01±7.15 vs
72.63±5.77, in late PD patients was 69.07±8.85
vs 77.94±14.54 and controls was 48.07±5.91 vs
41.07±6.15 (P<0.0001; Early vs Control, late vs
controls). Disease duration was also not showed
significant correlation with the serum level of
MMP-3 in PD patients (early PD r=0.05, p= 0.05;
late PD r=-0.04, p>0.05) (Table not shown).
Level of serum MMP-3 in participants:
Serum MMP-3 level in early PD (74.38+6.84
ng/ml) and late PD (70.35+9.64 ng/ml) was
significantly elevated as compared to controls
(45.89 + 6.68 ng/ml) (Figure 1).

Table 1: Baseline characteristics of PD patients and controls
Characteristics

Early PD
patients (n=45)

Late PD
patients (n=14)

controls
(n=16)

p value

H/Y Stage 1-2

H/Y Stage 2.5-4

Male

33 (73.3%)

12 (85.7%)

11 (68.8%)

Female

12 (26.7%)

2 (14.3%)

5 (31.3%)

0.54

Age (years) at blood sampling

56.62 +9.42

57.29+10.67

53.44 +5.87

0.42

Age (Years) at PD onset

55.30+9.50

52.79 +10.39

-

0.40

Weight (Kg)

54.60+12.05

51.86+9.39

60.44 + 6.65

Duration of PD (years)

1.88+1.32

4.24+1.80

18 (40.0%)

11 (78.6%)

Gender:

0.011*
<0.0001*

Patients:
with treatment
without treatment

0.01*

27 (60.0%)

3 (21.4%)

-

PD= Parkinson’s disease, n= Number, H/Y stage= Hoehn & Yahr stage * = Significant

Fig. 1: Serum MMP-3 level in PD and controls

Median and quartiles (box plots) for serum
MMP-3 level in controls (n=16), early PD (n=45)
and late PD (n=14).Serum level of MMP-3 in PD
patients was significantly elevated as compared
with control group (Kruskal Wallis Test,

p<0.0001).
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DISCUSSION:
According to our investigation, serum level of
MMP-3 in control subjects came out 45.89 +
6.68 ng/ml. In previous studies, MMP-3 level
was reported 61.85+35.35 ng/ml (12) and
second one showed 79.66+26.62 ng/ml (13) in
Indian control subjects. On the other hand,
Mona et al reported the concentration of MMP-3
in the serum of healthy controls which was 15.1
+ 7.07 ng/ml (14) and this value agreed with
another study done by Chen et al (15.45 ng/ml)
(15). Recently, Steven et al reported the mean
level of MMP-3 (23.4 ng/ml) in healthy controls
serum (16) and it was close to 22.6 ng/ml (17).
These different concentrations of MMP-3
indicated that results might vary according to
ethnicity. In the present study, MMP-3 level in
males (48.07±5.91 ng/ml) was higher than
females (41.07±6.15 ng/ml) which was contrary
to the finding of Manjari et al (12).
A study reported the altered levels of MMPs
expression in the different parts of postmortem
brains from PD patients (18). According to our
study, increased level of serum MMP-3 in PD
patients indicates that altered expression of
MMPs are not restricted only to brain sites and

may also contribute to peripheral dysfunction.
MPTP mouse model of PD have also been
showed elevated levels of MMPs. Treatment
with an MMP inhibitor showed the reduction in
dopamine depletion and dopaminergic cell loss
in these animal models (19). Kim et al observed
the catalytic activity of MMP-3 responsible for
the
microglial
activation
because
pharmacological inhibition of MMP-3 blocks the
response, and the catalytic domain of MMP-3
applied by itself causes similar responses (7). In
a further study, it was found that microglial
activation following treatment with the neurotoxin
MPTP is abrogated in MMP-3 knockout mice,
and this is accompanied by a lower level of
superoxide production compared to their wild
type (20).
It is well documented that neuronal degeneration
occurs in PD but the reason behind it is
unknown. It is supposed that several molecular
and cellular events can take place in the course
of
PD,
including
oxidative
stress,
neuroinflammation, mitochondrial dysfunction,
proapoptotic mechanisms, and accumulation of
altered proteins (21). Possibly the activation of
MMPs and oxidative stress may be correlated to
each other. Effect of oxidative stress on MMP-3
has been studied in vitro which showed that
oxidative stress increased MMP-3 release (22).
Neuroinflammation and apoptosis are also one
of the causes that may contribute to PD
pathogenesis (23). MMP-3 may be involved in
both the events. The release of MMP-3 from
neurons causes activation of resting microglial
cells (7) and inhibition of MMP-3 leads to
suppression of
proinflammatory cytokine
production (24). On the other hand, cytokines
and free redicals in microglial cells induce MMP3 (25). Thus, there may be a complex
mechanism where extracellular MMP-3 leads to
the production of cytokines and free redicals and
this in turn further increase MMP-3 in microglial
cells and subsequent release (26). According to
in vitro studies, inhibition of MMP-3 via
pharmacologically, gene knockdown, and gene
depletion all lead to neuroprotection against
oxidative stress and ER-stress triggered
apoptosis (8, 27). MMP-3 involvement in the
abnormal protein aggregation has also seen as
it increased the tendency of alpha-synuclein to
aggregate (28).
One of the limitation of the present study was
few number of controls’ samples because of
non-consent of participants at the time of
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experiment. In conclusion, elevated level of
serum MMP-3 in Parkinson’s patients may
provide clinical evidence for a supportive role of
MMP-3 in the pathogenesis of Parkinson’s
disease. However, further investigations are
needed to elucidate the role of MMP-3 in PD
pathogenesis in large number of participants.
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