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Abstract

Parkinson's disease is a neurodegenerative disease characterized by progressive degeneration of dopaminergic
neurons in the substantia nigra region. As the etiology is not clear, treatment in this disease is rather symptomatic and
inadequate to prevent the progression of the disease. However, recent studies have demonstrated the strong association
of neuroinflammation and proinflammatory cytokines with disease pathology. In this review, the relationship of
proinflammatory cytokines with the pathology of Parkinson's disease is discussed and current treatment approaches
targeting these mechanisms are evaluated.
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1. Introduction

Parkinson's disease is a progressive nervous system disorder, typically a disease of middle and older ages, starting at
an average age of 50-60 years and progressively progressing over a period of about 10-20 years. The prevalence of
Parkinson's was reported to be over 1/1000 and 2% -3% of patients over 65 years of age were found to have the disease
[1]. A number of studies have shown that neuroinflammation plays an important role in the pathogenesis of Parkinson's
disease [2]. In particular, proinflammatory cytokines, including interleukin-1 beta (IL1pB), interleukin-6 (IL-6),
interleukin-2 (IL-2), and tumor necrosis factor alpha (TNF-a) have been proposed to be part of an immune response to
tissue damage. Clinical, preclinical and therapeutic studies support the presence of a neuroinflammatory cascade in
Parkinson's disease as in other neurodegenerative diseases [3, 4]. Activated microglia cells were detected with
increased expression of proinflammatory mediators in the substantia nigra regions of patients with Parkinson's disease
[5]. Studies have shown that blood IL-1f3 levels are significantly higher in patients with Parkinson's disease [6].
Inflammation may contribute to the development of both motor and non-motor symptoms [7]. Abnormal processing by
ubiquitin - proteasome and autophagy- lysosomal systems of misfolded proteins, oxidative stress, mitochondrial
dysfunction, inflammation and other pathogenic mechanisms have been reported to cause the death of dopaminergic
and non-dopaminergic cells in the brains of Parkinson's patients [8].

The main problem in Parkinson's disease is the development of motor symptoms after the loss of more than half of
nigrostrial dopaminergic neurons. This makes the treatment difficult because the disease is not noticed early and causes
the treatment to be started on time. Another problem is that treatment approaches are inadequate because the
pathology of the disease is not clarified. Drug therapy in Parkinson's disease is symptomatic and aims to relieve
symptoms. In the later stages of the disease, in which neuronal loss is further increased, the addition of new drugs to
the treatment or increasing the dose of the available drugs significantly increases the drug-related side ethers.
Inadequate treatment, high cost and serious side effects in Parkinson's disease require new treatment approaches. A
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thorough understanding of the etiology of the disease is important for new therapies to be successful. In this review, the
relationship between proinflammatory cytokines and Parkinson's disease is examined and current treatment
approaches are discussed. The role of neuroinflammation in disease pathology is emphasized.

2. New pathways and targets associated with cytokines in Parkinson's disease

Microglial activation is one of the main causes of neuroinflammation in Parkinson's disease, and microRNAs (miRs) are
key factors in this mechanism. One of them, overexpression of miR-195, suppresses pro-inflammatory cytokines
secretion such as IL-6 and TNF-a and increases anti-inflammatory cytokines secretion such as IL-4 and IL-10. Rho-
associated kinase 1 (ROCK1) pathway plays an important role in this mechanism and constitutes an important target
for Parkinson's disease [9]. It has been suggested that miR-21 downregulation inhibiting 1-Methyl-4-
phenylpyridinium-mediated toxicity by reducing pro-inflammatory cytokines [IL -6, IL-13 and TNF-a] and reactive
oxygen species (ROS) production, may be a new target in Parkinson's disease [10].

In another study, downregulation of the protein kinase-1 and -3 / mixed lineage kinase domain-like protein (RIP1 /
RIP3 / MLKL) pathway was shown to improve 1-methyl-4-phenyl-1,2,3,6-tetrahydro pyridine (MPTP) induced
Parkinson's disease via inflammatory cytokines and dopaminergic neurons, and these genes were reported to be
effective in disease pathology [11].

The immune response seen in Parkinson's disease is not only due to microglial activation in the brain, but also changes
in the peripheral immune system. In one study, it was observed that blood monocytic of patients with Parkinson's
disease may be unresponsive to specific stimulations and showed a shorter viability [12].

The receptor for advanced glycation endproducts RAGE, involved in the modulation of inflammation, has been found to
be effective in neuroinflammation and dopaminergic neuron loss in Parkinson's disease and is thought to be a target for
treatment [13]. It is thought that G protein-coupled estrogen receptor (GPER), which is known to mediate
neuroptoactive effect, can be used against the progression of parkinsonism with its anti-neuroinflammatory effect [14].
Cerebral hypoperfusion is also thought to increase cognitive impairment by increasing neuroinflammation in
Parkinson's disease [15].

Recently, studies targeting cannabinoid receptors have also been conducted. B-caryophyllene (BCP), a naturally
occurring cannabinoid type two receptors (CB2) receptor agonist, is a potential therapeutic agent that exhibits
antioxidant and anti-inflammatory effects and is mediated by cannabinoid type two receptors (CB2) activation [16].

A newly-identified proinflammatory cytokine, interleukin (IL)-32 was found to worsening MPTP neurotoxicity by
inducing neuroinflammation [17]. Another cytokines IL-4 and IL-13 have been suggested to have an effect on cognitive
functions by stimulation of astrocytes and attention was drawn to the relationship with dementia due to Parkinson's
disease [18]. In a study examining the relationship of air pollution and genetic factors with parkinson's disease, it was
noted that traffic-related air pollution and genetic variation in the proinflammatory cytokine gene IL1B may pose a risk
for disease development [19].

Parkinson's disease is also closely associated with depression, and approximately 20% of patients with Parkinson's
develop depressive disorders [20]. Considering that proinflammatory cytokines play a role in the pathophysiology of
both depression and Parkinson's disease, we think that the approaches targeting this pathway will play an important
role in both the treatment of the disease and the elucidation of the etiology of the disease.

3. Current treatment approaches associated with cytokines

Aggregated forms of the synaptic protein a-synuclein (aS) plays a role in Parkinson's disease by triggering microglial
inflammatory process and neurodegradation. In a study of microglial cell culture induced by recombinant human asS,
the pretreatment effect of rifampicin and rifampicin quinone was evaluated. Rifampicin and rifampicin quinone
inhibited PI3K- and non-PI3K signaling pathways and reduced microglial activation. The neuroprotective effect of
rifampicin quinone was found to be more potent than rifampicin, and PI3K inhibition was thought to be particularly
important in the control of oxidative stress and it was suggested that Rifampicin quinone was promising as an anti-
parkinsionian drug [21].

Hypoxia-inducible factor-1 alpha (HIF-1a) and nuclear receptor related-1 (Nurrl) genes play a critical role in the
survival of dopaminergic neurons, and disorders in these genes may play a role in Parkinson's pathology. Albendazole,
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an anthelminthic benzimidazoles known to provide Nurrl activation, showed neuroprotective effect by increasing the
expression of these genes in the rotenone-induced Parkinson model. The neuroprotective effect of albendazole is
thought to be effective in improving strial dopamine levels and motor functions in the substantia nigra and suppressing
the expression of neurotoxic proinflammatory cytokines [22].

In-vitro farrerol reduced the production of lipopolysaccharide (LPS) -induced inflammatory mediators such as IL-6, IL-
1B, TNF-qa, cyclooxygenase 2 (COX-2) in BV-2 cells and increased nitric oxide synthase (iNOS). This mechanism is
thought to be caused by inhibiting NF-kB p65 and AKT phosphorylation. Furthermore, farrerol demonstrated
neuroprotective effect by reducing microglial activation and dopaminergic cell death in the LPS-induced rat PD model
and it was thought to be promising for Parkinson's disease [23].

A selective estrogen receptor modulator, raloxifene, has been shown to be a promising drug for the treatment of early
Parkinson's disease by preventing systemic inflammation and peripheral neuronal dysfunction [24].

Conventional drugs provide symptomatic relief in Parkinson's disease and inadequate progression of the disease has
led to the idea of developing treatment with natural substances. For this purpose, Phloretin was tested on MPTP induced
PD in mice model. MPTP-induced reduced dopamine (DA) levels, motor abnormalities, reduced tyrosine hydroxylase
(TH) enzyme protein expression and inflammation were significantly improved by phloretin. Improvements in levels of
specific inflammatory markers like glial fibrillary acidic protein (GFAP), proinflammatory cytokines such as IL-3, IL-6,
and TNF-a have been proposed to play an important role in the neuroprotective effect of phloretin and treatment has
been reported to be promising for Parkinson's disease [25].

Another study on the MPTP induced Parkinson’s disease in mice model showed that thymoquinone increased
antioxidant enzyme levels, prevented lipid peroxidation, and improved pro-inflammatory cytokines. Thymoquinone
also provided an increase in the level of inflammatory parameters such as COX-2 and iNOS, furthermore it prevented
cell death stimulated by a-synuclein aggregation and pre-formed fibrils [26]. Thymol, a dietary monoterpene phenol,
showed a neuroprotective effect in the rotenone (ROT) -induced Parkinson model by maintaining the endogenous
antioxidant defense mechanism and reducing inflammatory mediators including cytokines and enzymes [27].

Nerolidol, a sesquiterpene alcohol, showed neuroprotective effect in rotenone-induced experimental model of PD due
to its antioxidant and anti-inflammatory properties [28].

Acetyl-L-carnitine has been shown to have a therapeutic effect against neurodegenerative diseases in rat models, which
is thought to play a role in balancing the proinflammatory system [29].

Baicalein, a major bioactive flavone, showed antiparkinsonian effect in animal models by suppressing the production of
proinflammatory cytokines, regulating arthrocytes and microglial activation, and suppressing the nuclear factor-«B
(NF-xB) pathway [30].

It is thought that curcumin, which has antioxidant and anti-inflammatory properties, can be a drug candidate in
Parkinson's disease by preventing a-synuclein aggregates in the dopaminergic neurons [31].

In a study examining the effect of probiotics on the patients with Parkinson's disease, it was found that especially
Lactobacillus salivarius LS01 and L. acidophilus decreased the level of pro-inflammatory cytokines and increased the
level of anti-inflammatory cytokines, and treatment with probiotics was thought to be promising for the disease. It is
noteworthy that the strains found to be successful in this study do not carry the tdc gene, and this gene is known to
reduce levodopa bioavailability in patients with Parkinson's disease [32].

Interestingly, it was reported that the pathway of proinflammatory cytokines plays a role in the effect of acupuncture
and electroacupuncture, an alternative treatment for Parkinson's disease [33].

4., Conclusion

The importance of neuroinflammation in the mechanisms of dopaminergic neuron loss, which is the main cause of
Parinson's disease, has been shown in the studies. From this point of view, it is clear that focusing on, proinflammatory
cytokines and neuroinflammation pathways for the treatment of Parkinson's disease will play an important role in the

development of new therapies. Further studies are needed to elucidate these mechanisms.
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