Psychiatr. Pol. 2021; 55(6): 1221–1233
PL ISSN 0033-2674 (PRINT), ISSN 2391-5854 (ONLINE)
www.psychiatriapolska.pl
DOI: https://doi.org/10.12740/PP/126662

Activity of selected metalloproteinases
in neurodegenerative diseases of the central nervous
system as exemplified by dementia and schizophrenia
Aneta Ty lec 1, Maciej Skałecki 2, Joanna K o co t 3, Jacek K u r zep a 3
1

2nd Department of Psychiatry and Psychiatric Rehabilitation, Medical University of Lublin
2
Independent Public Psychiatric Care and Treatment Center in Celejow
3
Chair and Department of Medical Chemistry, Medical University of Lublin
Summary

Aim. The aim of the study was to determine and analyze the correlation between the
concentrations of selected metalloproteinases and their inhibitors (TIMP-1 and TIMP-2) in
patients with dementia and schizophrenia.
Method. The concentration of two collagenases and metalloendopeptidase was determined
in the study. The study included 29 patients with late onset dementia, 25 patients with paranoid
schizophrenia and 25 healthy controls who were age-matched with the study groups. Symptoms of dementia were evaluated using the Short Mental State Assessment Scale, whereas the
symptoms of schizophrenia were assessed using the Positive and Negative Assessment Scale.
Blood samples were collected from the participants and the concentrations of MMP-1, MMP7, MMP-13, TIMP-1, and TIMP-2 in the blood serum were evaluated using ELISA method.
Results. A two-fold increase in the concentration of MMP-1 and a slight increase in MMP13 was observed in dementia patients compared to other groups, as well as a lower level of
MMP-7 and TIMP-1 and a higher level of TIMP-2 compared to the control group. Patients with
schizophrenia showed lower MMP-7 and higher TIMP-2 serum level compared to the controls.
No differences in the concentration of MMP-1, MMP-13 and TIMP-1 levels were noticed.
In people with late onset dementia an increase in collagenolytic activity was demonstrated.
Conclusions. Increase in collagenolytic activity may indicate an increased remodeling
within the central nervous system in late onset dementia. The difference in the fluctuation of
the concentrations of the studied enzymes and their inhibitors in dementia and schizophrenia
indicates their different involvement in the pathogenesis of these disorders.
Key words: extracellular matrix metalloproteinase, tissue metalloproteinase inhibitor,
neurodegenerative disease
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Introduction
The extracellular matrix (ECM) of all the tissues and organs in the human body is
made up of collagen, elastin, glycoproteins, proteoglycans, and glycosaminoglycans.
Composition of the matrix depends on the type of tissue [1]. In the central nervous system (CNS), chondroitin sulfate proteoglycans as well as glycosaminoglycan (hyaluronic
acid) are the main components of the ECM [2]. The ECM undergoes reconstruction
both during the physiological processes (embryogenesis, gestation and puerperium,
cyclic endometrial changes, angiogenesis, wound healing, platelet aggregation) and
pathological processes (inflammatory, degenerative, neoplastic processes) [1]. Various
proteolytic enzymes are involved in the degradation and regeneration of the matrix
components [3]. The matrix metalloproteinases (MMPs) are capable to degrade the
ECM proteins and adhesive proteins, they also take part in the transmission of intercellular signals [1]. Depending on the type of substrate and their location, six subfamilies
of MMPs are recognized as collagenases (MMP-1, MMP-8, MMP-13, MMP-18), gelatinases (MMP-2, MMP-9), stromelysins (MMP-3, MMP-10, MMP-11), matrilysins
(MMP-7, MMP-26), membrane-type MMPs and other enamelysins – MMP-20, metalloelastases – MMP-12 [4]. Activity of MMPs is affected by specific and non-specific
inhibitors (plasma inhibitors – alpha 2 macroglobulines and alpha 1 antiproteases) [5],
however, the most significant inhibition is made by four natural tissue inhibitors of
MMPs (TIMPs), the small proteins that block the active center of MMPs [6]. TIMPs
are important factors in the CNS regenerative processes [7].
MMPs released by the residential cells (astrocytes, oligodendrocytes, microglia, and
neurons) as well as by the inflow cells (lymphocytes, granulocytes and macrophages)
play a role in the embryonic and postnatal development of the CNS, which has been
confirmed by the results of the research into the dynamics of changes of the mRNA and
metalloprotein expression [8]. Moreover, MMPs take part in the intracellular processes
of information transfer, growth regulation, proliferation, and apoptosis. They are also
involved in elongation and branching of dendrites (MMP-9, MMP-2, MMP-3, MMP-7,
and MT5-MMP) and cell migration [9]. Activation of MMPs within the CNS triggers the
onset of an inflammatory process in the infective and non-infective pathomechanism.
Penetration of blood tissue morphotic elements into the nerve tissue takes place either
directly, by breaking the blood-brain barrier [10] or indirectly, by stimulation of the
cerebral vessels’ endothelial cells and a release of the soluble vascular cell adhesion
molecule-1 (VCAM-1) [11]. The only exception are the CNS regions deprived of the
blood-brain barrier. These include periventricular organs: posterior hypophyseal lobe,
vascular terminal plate, subfornical body, subcallosal area, Area postrema as well as
the pineal body and choroid plexus [12]. ECM protein proteolysis plays an important
role in the excessive MMPs activation [10] and the change in their structure affects
the plasticity within the synapses, neurons and glial cells of the CNS. Brain plasticity means the ability of the neuronal networks to undergo structural and functional
reorganization in response to external stimuli, which allows the body to adapt to the
changing environment (through the processes of learning and remembering). The phenomenon of plasticity is indispensable in the process of recovery following the CNS
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disorders resulting from various pathomechanisms, including injuries. The changes
concern regulations on the molecular level (gene expression, accessibility and functions of proteins), the impact on the cellular physiology and the final effect in the form
of changes in the behavior of an individual. Changes in the synaptic plasticity may
contribute to the development of pathological conditions (e.g., epilepsy, drug dependency, autism spectrum disorder, schizophrenia, depression) or alleviate adverse effects
of pathological changes (e.g., multiple sclerosis, Parkinson`s disease, deterioration of
cognitive functions, Alzheimer`s disease) [13, 14].
MMPs, including MMP-1 and MMP-7, are capable to degrade the myelin basic
protein (MBP). This results in degradation of the myelin sheath and exposure of
immunogenic epitopes, which intensify the autoimmunological response, thereby
intensifying the initiated process of destruction of the myelin sheath [15]. MMPs exert also an effect on cytokines and chemokines [16], participate in the formation and
destabilization of the atherosclerotic plaque (MMP-1, – 2, – 3, – 7, – 9) [17], which
reduces the blood supply to the brain, leading to the development of various types of
pathological conditions within the CNS [18].
Aim
Our objective was to analyze the serum levels of two collagenases, MMP-1 and
MMP-13 (the substrates are as follows: collagen type I, II, III, V, VII, VIII, and X,
entactin, aggrecan) and matrilysin, MMP-7 (digests: collagen type IV, X, gelatin,
laminin; affects the activity of other MMPs) in two groups of patients treated for late
onset dementia and paranoid schizophrenia and in a control group. Together with
MMPs, TIMP-1 and TIMP-2 serum levels were evaluated in both groups of patients
and in the control group.
Material and methods
Clinical groups
Persons participating in the study agreed to carry it out. The approval of the Medical
University of Lublin Bioethics Committee was also obtained for the implementation
of the project.
The study included a group of 54 people chronically treated in psychiatric care
and treatment center: 29 people being treated for late onset dementia and 25 treated for
paranoid schizophrenia. In patients with dementia, Alzheimer’s disease was indicated
as the cause of dementia in 17 of them, and in other cases – vascular diseases. All patients – both those with late onset dementia as well as the ones suffering from paranoid
schizophrenia – were examined and diagnosed by at least two trained psychiatrists, in
accordance with diagnostic criteria for mental disorders, based on the Structured Clinical Interview for DSM-V Axis I Disorders (SCID–I) [19] and ICD-10 [20]. The study
excluded people with coexisting disorders associated with the abuse of psychoactive
substances or with mental retardation. Symptoms of dementia were assessed using the
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Mini-Mental State Examination (MMSE) [21] and features of paranoid schizophrenia
were assessed using the Positive and Negative Syndrome Scale (PANSS) [22]. People
treated for late onset dementia taking pro-cognitive drugs in full doses: 18 patients
took memantine (N-methyl-D-aspartate receptor antagonist, NMDA) and 12 took
cholinesterase inhibitors: 10 people – donepezil and 2 – rivastigmine. In the discussed
group, 8 patients were subjected to polytherapy – memantine with donepezil, 6 of
them were also treated with olanzapine at a dose of 2.5–5 mg daily. Patients diagnosed
with paranoid schizophrenia were treated with atypical neuroleptic monotherapy:
16 patients took olanzapine (10–20 mg daily), 6 – clozapine (400–600 mg daily) and
3 – risperidone (4–8 mg daily). The dose of antipsychotic medicine was converted to
chlorpromazine equivalent (CPZ). Besides, no patient from the two groups has been
given drugs for any other reason or used nicotine.
The control group consisted of 25 people without mental disorders, age-matched
with the study groups. Characteristics of the studied groups have been described in
Table 1.
Table 1. Characteristics of patients and control group
Late onset
dementia
n

Paranoid
schizophrenia

Controls

Statistics

28

25

25

-

Sex (male/female)

9/19

12/13

11/14

p>0.05 (Chi2 test)

Age (mean ± SD)

75.5 ± 10.1

61.6 ± 8.9

65.3 ± 4.8

p<0.001
(ANOVA)

Duration of illness
(mean ± SD)

8.6 ± 4.1

32.6 ± 6.2

NA

NA

PANSS total

NA

111.9 ± 21.5

NA

-

PANSS positive symptoms

NA

22.8 ± 6.3

NA

-

PANSS negative
symptoms

NA

32.9 ± 7.1

NA

-

PANSS general symptoms

NA

56.2 ± 11.4

NA

-

8.8 (0 – 22)

-

NA

-

312 (83.7)

NA

MMSE (min.-max.)
CPZ dose (mg)
(mean ± SD)

Biochemical procedures
Venous blood was collected into a sterile tube without the addition of anticoagulant.
After clot forming and centrifugation, the serum was transferred to test-tubes and placed
in a temperature of – 70°C. Commercially available ELISA kits (R&D Systems, USA)
were applied to determine the serum levels of MMP-1, MMP-7, MMP-13 as well as
TIMP-1 and TIMP-2. All procedures were performed according to the manufacturer’s
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instructions. For each assay, the double determination was performed. The results
were read using an Epot microplate reader (BioTek, USA) at a wavelength of 450 nm
(540 nm correction).
Statistics
The normality distribution was determined using the Lilliefors test. The analysis of determined variables in the studied groups (late onset dementia and paranoid
schizophrenia) as compared to the control group was made by one-way ANOVA with
Tukey-Kramer Multiple Comparisons Test. The results were expressed as mean ±
standard deviation (SD). Significant differences were found at significance level of
less than 0.05. Data base and statistics analyses were conducted with the use of the
Statistica 12.0 (StatSoft, Poland) software.
Results
In people with late onset dementia we found the following: two-fold increase in
MMP-1 and a slight increase in MMP-13 serum levels in comparison to the controls
and paranoid schizophrenia patients (p <0.001; Figure 1 and 2); a lower MMP-7
and TIMP-1 serum levels (p <0.05; Figure 3 and 4) and higher TIMP-2 serum level
(p <0.001; Figure 5) in comparison to the controls.
In contrast, in the group of people treated for paranoid schizophrenia compared
to the control group, a lower MMP-7 serum level (p <0.001), a higher TIMP-2 serum
level (p <0.001) and no differences in MMP-1, MMP-13 and TIMP-1 serum levels
were found (Figure 1–5).
Discussion
MMPs play an important role in the pathological processes within the CNS [16].
Also, more and more evidence indicates their involvement in the pathogenesis of
neurodegenerative diseases [23], including dementia and schizophrenia.
Dementia is one of the most common disorders of the old age. It affects approximately 10% of the elderly population. According to the results of histopathological
studies, 60% of dementia cases in the individuals over 65 years of age is due to Alzheimer’s disease (AD). The vascular form of dementia constitutes about 15%. It seems
it is too frequently diagnosed as numerous cases of multi-infarct dementia turn out
to be AD. These two forms of dementia usually coexist in about 20% of cases [24].
Overproduction of MMPs is associated with the development of many pathological
conditions, including AD [25].
Schizophrenia affects approximately 1% of population and it often has its onset in
early adolescence, although the risk of its development increases after the age of 45,
especially in women [26]. At the very beginning of the 21st century a neurodevelopmental background of schizophrenia was commonly hypothesized. In the later years
intense degenerative changes in the brain of individuals treated for schizophrenia were
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Figure 1. MMP-1 serum levels in late onset dementia and paranoid schizophrenia patients
compared to controls
Mean and SD values. ANOVA p <0.0001; Tukey-Kramer Multiple Comparison Test ***p <0.001
late onset dementia vs. controls and late onset dementia vs. paranoid schizophrenia
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Figure 2. MMP-13 serum levels in late onset dementia and paranoid schizophrenia patients
compared to controls
Mean and SD values. ANOVA p = 0.0008; Tukey-Kramer Multiple Comparison Test **p <0.01 late
onset dementia vs. controls and late onset dementia vs. paranoid schizophrenia
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Figure 3. MMP-7 serum levels in late onset dementia and paranoid schizophrenia patients
compared to controls
Mean and SD values. ANOVA p = 0.0007; Tukey-Kramer Multiple Comparison Test *p <0.05 late
onset dementia vs. controls, ***p <0.001 paranoid schizophrenia vs. controls
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Figure 4. TIMP-1 serum levels in late onset dementia and paranoid schizophrenia patients
compared to controls
Mean and SD values. ANOVA p = 0.0135; Tukey-Kramer Multiple Comparison Test *p <0.01 late
onset dementia vs. controls
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Figure 5. TIMP-2 serum levels in late onset dementia and paranoid schizophrenia patients
compared to controls
Mean and SD values. ANOVA p <0.0001; Tukey-Kramer Multiple Comparison Test ***p <0.001
late onset dementia vs. controls and paranoid schizophrenia vs. controls

further demonstrated, which confirmed the hypothesis [27]. Undoubtedly, neurodegenerative and neurodevelopmental processes overlap in schizophrenia spectrum disorder.
According to the neurodevelopmental theory, an abnormal progress of genetically
programmed processes, such as neuron migration, formation of nerve connections and
synapses (reduced number and size of the synaptic vesicles, delayed release of their
contents) or neuron selection (surviving neurons are unable to migrate to the appropriate
regions of the brain and form connections), are observed in schizophrenia. The neurodegenerative hypothesis, however, points out to a process of destruction of synapses and
neural projections (axons and dendrites) as a result of disturbances in the genetically
programmed processes. Some researchers are of the opinion that increasing cognitive
disturbances result from the neurotoxic effect of psychosis or external factors [28].
An advancing process of neuronal degeneration and an increase in residual (negative)
symptoms in schizophrenia may be a result of an excessive transmission within the
glutamatergic system. This may lead to the neurodegenerative and toxic stimulation of
the NMDA receptors. According to this hypothesis, a pathological process is responsible
for the chaotic and toxic neuronal activation. At this stage the calcium channels open
up, secondary activation of intracellular enzymes gets started and production of free
radicals is launched. All these toxic factors affect the cell membranes and intracellular
structures, thereby leading to a slow CNS neurodegeneration [29]. Primary cognitive
deficits are overlapped by secondary cognitive disturbances, which is associated with
the phenomenon of excitotoxicity and neurodegeneration.
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The results of neuroimaging studies of individuals with a long course of the
disease seem to confirm the neurodegeneration hypothesis: a decreased volume of
the gray matter, especially within the frontal cortex and thalamus, and the white matter, especially in the frontal, temporal and parietal regions; widening of the lateral
ventricles of the brain as well as widening of the fluid spaces in the frontal, temporal
and parietal regions of the brain [30]. These changes correlate with the impairment
of cognitive functions, however, they had little impact on other clinical parameters
[31]. The correlations were found between schizophrenia, polymorphism of some of
metalloproteinases and occurrence of acute positive symptoms manifested by thought
content disorder [32–35] – among other things, an increase in TIMP-1 level was indicated [36], although Jeffries et al. [37] did not confirm this correlation.
The study conducted by the authors of this paper is innovative since there are very
scarce reports in the literature on the scientific analysis of concentrations of selected
metalloproteins (MMP-1, MMP-13 and MMP-7) as well as their inhibitors (TIMP-1
and TIMP-2) in patients treated for dementia or schizophrenia [12]. The specialist
literature does not provide much information about the expression of collagenase-1
in the CNS [38]. The latter showed MMP-1 immunoreactivity in the olfactory lobes,
the entorhinal cortex, bridge nuclei, and periarterial gray matter [39], also in the brain
of people treated for AD [40]. It seems that mainly glia cells are responsible for the
expression of MMP-1 [41], although neurons are also pointed out to [39]. MMP-1
increases the proliferation and differentiation of neurons from hippocampal stem cells
[42]. In contrast, studies on an animal model have shown that its increased concentration causes learning and memory deficits [43].
In our studies we observed an apparent increase in the MMP-1 concentration in
the serum of the studied AD patients, which is in line with animal models. Moreover,
in the AD patients an increase in the other studied collagenase, MMP-13, as well as
a decrease in the TIMP-1 concentration was observed, which is suggestive of intense
processes of protein modeling in the extracellular matter in that group of patients. In the
brain, MMP-1 acts mainly through the receptor activated by the proteinase 1 (PAR1)
and an increase in the citoplasmatic Ca2+ concentration, also in the platelets. As for
collagenase 3, the studies performed so far have analyzed its relationship with PAR1
in the heart muscle. Similarly to the research into collagenases, the MMP-7 expression
is hardly reported in the specialist literature. The microglial cells are responsible for
the expression of this metalloproteinase. The study results indicate the high level of
matrilysin in the hippocampal region, and its increase in multiple sclerosis, experimental, autoimmune encephalomyelitis, dementia or brain tumors. Among the substrates
of MMP-7 in the brain the most important are as follows: the pro-nerve growth factor
(proNGF), SNAP-25, NMDA receptor NR1 subunit, and myelin-associated glycoprotein [13].
MMP-7 may directly affect functioning of the NMDA receptor and its downregulation, which is essential for synaptic plasticity. Moreover, application of the recombinant
MMP-7 at the presynaptic terminal on cultured hippocampal neurons reduced easily
released bulk of the synaptic vesicles, it reduced the dimension of the active zones and
hindered recycling of the vesicles. The effect of MMP-7 on vesicle recycling may be

1230

Aneta Tylec et al.

partially explained by the split of SAP-25 protein (a protein bound with a synaptosome
of 25kDa mass), which disrupts the complexity of vesicle docking [44].
Despite the scarcity of data concerning the studied issue, it is worth noting that
pharmacotherapy of neurodegenerative diseases of the central nervous system (typical
neuroleptics medication, memantine) also has an impact on the expression of metalloproteinase genes and their inhibitors. A correlation has been found between the dose
of haloperidol and expression of mRNA MMP-9 and TIMP-1, with no effect on MMP-2
within the range of monocytes [45]. It has been observed that the MMP-9 polymorphism
and severity of traumatic events in childhood have an effect on the response to flupentixol
treatment in the population of patients with the first episode of schizophrenia [46]. In
the case of anti-dementia drugs, it has been shown that memantine reduces the expression and activity of MMP-2, it does not affect MMP-9 after ischemia or endothelial cell
reperfusion of the cerebral vessels, it intensifies the TIMP-2 expression [47].
A limitation of our work is the different age of the study groups. Patients with
paranoid schizophrenia were the youngest of the analyzed groups. However, the results
of previous studies do not indicate a significant relationship between the concentration
of metalloproteinases and the age of the subjects or indicate such a relationship in the
case of comparative analysis of their concentration in the population of very young
people and the elderly [1, 48, 49].
The knowledge about properties and significance of MMPs in the central nervous system has progressed over the years. Modulation of the MMP function may be
a promising alternative of the therapy of neurodegenerative diseases. Determination
of these proteins in the bodily fluids may be of great diagnostic significance and application of specific inhibitors may lead to hampering of neurodegenerative processes.
Conclusions
1. In people with late-onset dementia, an increase in collagenolytic activity has been
demonstrated, which may indicate an increased remodeling within the central
nervous system in this group of patients.
2. The difference in the fluctuation of the concentrations of the tested enzymes and
their inhibitors in dementia and paranoid schizophrenia indicates their different
participation in the pathogenesis of these disorders.
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