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ABSTRACT

Parkinson's disease (PD) is the most widespread neurodegenerative disease following Alzheimer's disease (AD).
An increased risk of the disease has been observed due to exposure to environmental pollutants and prior traumatic brain
damage. PD presents with motor disorders and other disabling symptoms, such as cognitive deterioration, mood changes,
depression, muscle stiffness, and tremors, that can predict the arrival of the disease. Symptoms manifest with balance
disorders, uncertainty in walking, hunched posture, and slowness in speaking, amongst others. The neurodegeneration
that occurs in PD is mediated by dysfunctions that fuel the pathological state. There is neuronal degeneration of the
substantia nigra with a reduction in dopamine levels, a lower concentration of neuromelanin, and a reduction of
mitochondrial respiratory activity. Various factors are involved in the disease and contribute to abnormal immunological
and inflammatory reactions. The immune disorder that occurs involves microglia in the brain and other cells, causing the
release of inflammatory cytokines and chemokines, which contributes to the death of dopaminergic neurons and destroys
the blood-brain barrier, with infiltration of toxic substances into the brain. Microglia have pattern recognition receptors
that bind abnormal proteins that enter the brain to eliminate them. Damage-associated molecular patterns (DAMPs) bind
toll-like receptors (TLRs) and activate the NF-kB pathway with the secretion of cytokines such as TNF, IL-1, IL-6, and
the chemokine CCL-2, contributing to the pathogenesis of PD.
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INTRODUCTION

Parkinson’s disease (PD) affects approximately 1% of people over the age of 65 in industrialized countries (1).
The disease was first described by the English physician James Parkinson in 1817 as “shaking palsy” (2). PD is a complex
multifactorial and progressive disease that leads to other brain disorders, including immune dysfunction that results in
neuroinflammation. In recent decades, much progress has been made regarding the pathogenesis of the disease. However,
many points remain unclear, and therefore, further studies are required.

After Alzheimer’s disease (AD), PD is the most common neurodegenerative disorder affecting the populations of
industrialized countries (3). It is an idiopathic disease with an unknown cause and is not accompanied by other disease
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processes. PD is also a genetic disease; in fact, several mutated genes are involved (4). The pathology occurs due to the
loss of cells that produce the neurotransmitter dopamine.

PD presents with the following cardinal symptoms: muscle rigidity of the neck, trunk, and limbs, tremors (also
visible from head movement), bradykinesia, speech and swallowing impairment, postural instability, dystonia, shuffling
gait, loss of smell, death of neurons, and balance disorders, which are symptoms that can increase in case of psychological
difficulties such as anxiety. Non-motor symptoms that appear early at the beginning of the disease could lead to faster
diagnosis of PD (5). Moreover, the PD patient may suffer from depression and slowness in verbal expression.

The disorder is characterized by the loss of dopaminergic neurons of the substantia nigra pars compacta, with a
lower concentration of melanin, reduction of dopamine, and a long course (6). Dopamine is an important neurotransmitter
that allows for communication between nerve cells in the brain. In PD patients, there is a lower activity of alpha-
ketoglutarate dehydrogenase, an enzymatic complex belonging to the class of oxidoreductases, participating in the Krebs
cycle (7,8). Therefore, there is a reduction in mitochondrial activity and the loss of Lewy body protein inclusions in the
PD patient (9).

The causes of the disease are diverse, including environmental and genetic factors, but also brain lesions,
infections, brain neurotoxins, and oxidative damage. It appears that individuals who take xanthine derivatives, such as
caffeine or theophylline, have a reduced risk of neurodegenerative disease (10). One interesting theory claims that PD is
caused by misfolded proteins in the brain, as happens with prions (11). The disease has been seen to worsen in polluted
environments and with advanced age (12, 13), two elements that coincide with the dysfunction of the immune system
(Table I).

Table 1. Some factors that may contribute to Parkinson's disease (PD) pathology.
Contributing factors:

= mitochondrial dysfunction = prain lesions, infections = DNA methylation
= lower alpha-ketoglutarate dehydrogenase activity = brain neurotoxins = histone modifications
= environmental and genetic factors = oxidative damage = altered microRNA expression

= sleep disorders
Risk factors:

= pesticides = alcohol consumption = place of residence
= heavy metals = diet = lifestyle
= industrial chemicals = vitamin D = professional activity

= foods rich in animal fats (saturated or unsaturated) = smoking

In recent years, many pharmacological therapeutic improvements have been made, although the progressively
worsening course of PD makes it difficult to treat. The interactions between an altered immune system, unfavorable
environmental factors, and ageing can lead to PD pathology. In this disorder, innate immunological activation can occur
through pathogen-associated molecular patterns (PAMPS), and self-originated damage-associated molecular patterns
(DAMPs) which can induce “sterile inflammation” through the toll-like receptors (TLR)s (14). Microglia have pattern
recognition receptors such as TLR2, TLR4 and TLR®, that bind abnormal proteins that enter the brain to eliminate them.

The alteration of the immune system can involve both T and B cells with the production of autoantibodies. The
cerebral lymphatic ducts are rich in B cells, T cells, and antigen-presenting cells, which protect the central nervous system
(CNS) from external insults and endogenous changes. Molecules foreign to the body, antibodies, and immune cells can
enter through disruption of the blood-brain barrier in neurodegenerative diseases, including PD (15). Experiments on
rodent PD models have shown that in systemic inflammation, macrophages migrate into the cerebral tissue and transform
into microglial cells, which are more present in the substantia nigra (16).

Immunity in Parkinson’s disease

Activation of lymphocytes leads to an increase in CD3+, CD4+, and CD8+ T cells in the substantia nigra, a reaction
that causes neuronal damage. Activated immune cells can produce low levels of inflammatory mediators such as the
cytokines IL-1pB, IL-6, TNF (the receptor of this cytokine is more expressed in T cell patients), and other mediators that
contribute to disease. These cytokines are released by activated microglial cells that occupy the substantia nigra and other
brain areas involved in PD. Nitrogen monoxide, also called nitric oxide (NO), is an endogenous mediator of vascular
processes involved in PD (17).
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Activation of the innate immune system driven by microglia causes neuroinflammation, contributing to the death of
neurons. The NLRP3 inflammasome signal in microglia is a complex that includes several proteins involved in the
inflammatory process in PD. Microglia are similar to monocytes, and in PD, they have CD14 receptors activated, which
causes them to increase in number and contribute to the inflammatory state (18). Elevated microbial infections with
lipopolysaccharide-producing Gram-negative bacteria, which cause elevated type Il interferon (IFN-y) levels, can also
lead to PD. CCL2 chemokines are activated in the disease and contribute to the recruitment of inflammatory monocytes.
In addition, both CCL2 and CXCL8 chemokines are elevated in PD and contribute to the recruitment of the lymphocytic
and neutrophil lineages, respectively (19). Therefore, dysfunctions of innate immune molecules may be contributing
factors to PD.

In the brain of PD patients, in addition to circulating monocytes, activated CD3+, CD4+, CD8+, and Treg lymphocytes
can also be found in the substantia nigra and contribute to the pathogenesis of the disease (20). This concept demonstrates
that adaptive immunity also participates in brain damage.

In PD, there is a lower number of circulating CD4+ cells than in healthy subjects, while CD45RO+ memory cells are
increased (21). This dysregulation is due to a deficiency in the neurotransmitter chemical messenger L-dopa. Regarding
Treg cells, although conflicting results have been reported, it seems that dopamine deficiency leads to a lower reactivity
of these T cells, a phenomenon correlated with the severity of the disease.

Dopamine receptors are different, ranging from D1 to D5, and are found to be highly expressed on B cells, memory
T cells, and natural killer (NK) cells, while they are expressed in lower quantities by neutrophil granulocytes. It seems
that the D3-type dopamine receptor is the one most associated with the pathological state of the disease (22). In PD, the
CD95/CD3 ratio in lymphocytes is higher than in healthy subjects, and this appears to be linked to low levels of dopamine
(23). In fact, after administration of L-Dopa, the CD95/CD3 ratio was found to be decreased (23). Levels of pro-
inflammatory cytokines can also be reduced by dopamine administration, an effect that is mediated by microglia.

The number of dopamine receptors on T cells correlates with the severity of the disease. In fact, in PD, the T
lymphocytes showing elevated levels of TNF receptors are more suppressed by this cytokine. Along with the
inflammatory cytokine IFN-y, this reaction increases with consequent immunosuppression and inflammation (Table 11).

Table 11. Some of the over 50 immune, non-immune, and inflammatory biomarkers in PD.

Inflammation factors: IL-1B, TNF-a, IL-2, IL-6, IFN-y, IL-15 (in serum), and other cytokines.
NLRP3 inflammasome signal, TNFR1 (in serum), macrophage-migration Inhibitory
Factor (MIF).
Nitric oxide (NO).

Lymphocytes: CD3+, CD4+, CD8+, CD95/CD3, NK cells, and others.

Chemokines: RANTES, MCP-1 and MIP-1a. (in PBMC supernatant), CCL2, and CXCLS8 (IL-8)

Antibodies against different molecules and autoantibodies.

Patients with PD have microglial cells with excess levels of MHC-11 (24) and CD4+ and CD8+ lymphocytes, which
is correlated with the severity of the disease and the death of neurons. These immune reactions lead to an increase of
cytokines such as IL-1, TNF, IL-6, IFN-y, and inflammatory IL-2 in cerebrospinal fluid (CSF), which induces pro-
inflammatory IL-1 (even in an autocrine loop). Moreover, the increase in TNF is correlated with the degeneration of the
substantia nigra and the worsening of the disease (25). Therefore, clinical therapies in PD focus on immune dysregulation
and inflammation. The higher the pro-inflammatory cytokines and chemokines in the peripheral blood, the more severe
PD is. Inflammation mediated by microglial cells is triggered by the activation of MAPK, JAK-STAT and NF-kB, which
can be targeted for therapeutic effects.

CONCLUSIONS

In conclusion, in this report, we state that cytokines play a key role in PD, both as regulators of the immune system
and as inflammatory molecules causing neurotoxicity, neuronal death, and neurodegeneration. The most widely used
treatments today include L-Dopa, dopamine agonists, and anticholinergics. Recently, improvements have been made in
the pharmacological therapies for PD, although specific treatments for this disease are still unknown.

Conflict of interest
The author declares that they have no conflict of interest.

European Journal of Neurodegenerative Diseases 2018; 7(2) July-December www.biolife-publisher.it



F. Pandolfi 4 0of 5

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Sharma N. Parkinson Disease. Essentials of Physical Medicine and Rehabilitation. Published online 2008:761-765.
doi:https://doi.org/10.1016/b978-1-4160-4007-1.50134-6

Parkinson J. An Essay on the Shaking Palsy. The Journal of Neuropsychiatry and Clinical Neurosciences. 2002;14(2):223-
236. doi:https://doi.org/10.1176/jnp.14.2.223

Kalia LV, Lang AE. Parkinson's disease. Lancet. 2015;386(9996):896-912. doi:https://doi.org/10.1016/S0140-
6736(14)61393-3

Klein C, Westenberger A. Genetics of Parkinson’s Disease. Cold Spring Harbor Perspectives in Medicine.
2012;2(1):a008888-a008888. doi:https://doi.org/10.1101/cshperspect.a008888

Grayson M. Parkinson’s disease. Nature. 2016;538(7626):S1-S1. doi:https://doi.org/10.1038/538s1a

Dias V, Junn E, Mouradian MM. The Role of Oxidative Stress in Parkinson’s Disease. Journal of Parkinson’s Disease.
2013;3(4):461-491. doi:https://doi.org/10.3233/jpd-130230

Mizuno Y, Matuda S, Yoshino H, Mori H, Hattori N, Ikebe SI. An immunohistochemical study on a-ketoglutarate
dehydrogenase complex in Parkinson’s disease. Annals of Neurology. 1994;35(2):204-210.
doi:https://doi.org/10.1002/ana.410350212

Schapira AHV, Gu M, Taanman JW, et al. Mitochondria in the etiology and pathogenesis of parkinson’s disease. Annals of
Neurology. 1998;44(S1):S89-S98. doi:https://doi.org/10.1002/ana.410440714

Keane PC, Kurzawa M, Blain PG, Morris CM. Mitochondrial Dysfunction in Parkinson’s Disease. Parkinson’s Disease.
2011;2011:1-18. doi:https://doi.org/10.4061/2011/716871

Dall’Igna OP, Fett P, Gomes MW, Souza DO, Cunha RA, Lara DR. Caffeine and adenosine A2a receptor antagonists prevent
p-amyloid  (25-35)-induced cognitive deficits in mice. Experimental Neurology. 2007;203(1):241-245.
doi:https://doi.org/10.1016/j.expneurol.2006.08.008

Makin S. Pathology: The prion principle. Nature. 2016;538(7626):513-S16. doi:https://doi.org/10.1038/538s13a

Rodriguez M, Rodriguez-Sabate C, Morales I, Sanchez A, Sabate M. Parkinson’s disease as a result of aging. Aging Cell.
2015;14(3):293-308. doi:https://doi.org/10.1111/acel . 12312

Lee H, Myung W, Kim DK, Kim SE, Kim CT, Kim H. Short-term air pollution exposure aggravates Parkinson’s disease in
a population-based cohort. Scientific Reports. 2017;7(1). doi:https://doi.org/10.1038/srep44741

Caplan IF, Maguire-Zeiss KA. Toll-Like Receptor 2 Signaling and Current Approaches for Therapeutic Modulation in
Synucleinopathies. Frontiers in pharmacology. 2018;9:417. doi:https://doi.org/10.3389/fphar.2018.00417

Desai BS, Monahan AJ, Carvey PM, Hendey B. Blood—Brain Barrier Pathology in Alzheimer’s and Parkinson’s Disease:
Implications for Drug Therapy. Cell Transplantation. 2007;16(3):285-299.
doi:https://doi.org/10.3727/000000007783464731

Joers V, Tansey MG, Mulas G, Carta AR. Microglial phenotypes in Parkinson’s disease and animal models of the disease.
Progress in Neurobiology. 2017;155:57-75. doi:https://doi.org/10.1016/j.pneurobio.2016.04.006

Liberatore GT, Jackson-Lewis V, Vukosavic S, et al. Inducible nitric oxide synthase stimulates dopaminergic
neurodegeneration in the MPTP model of Parkinson disease. Nature Medicine. 1999;5(12):1403-1409.
doi:https://doi.org/10.1038/70978

Subramaniam SR, Federoff HJ. Targeting Microglial Activation States as a Therapeutic Avenue in Parkinson’s Disease.
Frontiers in Aging Neuroscience. 2017;9. doi:https://doi.org/10.3389/fnagi.2017.00176

Reale M, larlori C, Thomas A, et al. Peripheral cytokines profile in Parkinson’s disease. Brain, Behavior, and Immunity.
2009;23(1):55-63. doi:https://doi.org/10.1016/j.bbi.2008.07.003

Sanchez-Guajardo V, Barnum CJ, Tansey MG, Romero-Ramos M. Neuroimmunological Processes in Parkinson’s Disease
and their Relation to a-Synuclein: Microglia as the Referee between Neuronal Processes and Peripheral Immunity. ASN
Neuro. 2013;5(2):AN20120066. doi:https://doi.org/10.1042/an20120066

Saunders JA, Estes KA, Kosloski LM, et al. CD4+ Regulatory and Effector/Memory T Cell Subsets Profile Motor
Dysfunction in  Parkinson’s  Disease. Journal of Neuroimmune Pharmacology. 2012;7(4):927-938.
doi:https://doi.org/10.1007/s11481-012-9402-z

Solis O, Garcia-Montes JR, Gonzalez-Granillo A, Xu M, Moratalla R. Dopamine D3 Receptor Modulates I-DOPA-Induced
Dyskinesia by Targeting D1 Receptor-Mediated Striatal Signaling. Cerebral Cortex. 2015;27(1):435-446.
doi:https://doi.org/10.1093/cercor/bhv231

Hurny A, Michatowska-Wender G, Wender M. Original article Impact of L-DOPA treatment of patients with Parkinson’s
disease on mononuclear subsets and phagocytosis in the peripheral blood. Folia Neuropathologica. 2013;51(2):127-131.
doi:https://doi.org/10.5114/fn.2013.35955

McGeer PL, Itagaki S, Boyes BE, McGeer EG. Reactive microglia are positive for HLA-DR in the substantia nigra of
Parkinson’s and Alzheimer’s disease brains. Neurology. 1988;38(8):1285-1285. doi:https://doi.org/10.1212/wnl.38.8.1285
Kouchaki E, Kakhaki RD, Tamtaji OR, et al. Increased serum levels of TNF-o and decreased serum levels of IL-27 in patients
with Parkinson disease and their correlation with disease severity. Clinical Neurology and Neurosurgery. 2018;166:76-79.
doi:https://doi.org/10.1016/j.clineuro.2018.01.022

European Journal of Neurodegenerative Diseases 2018; 7(2) July-December www.biolife-publisher.it



