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Abstract

Chronic neuro-inflammation cause the neural cell death including dopaminergic cells plays and ultimate results Parkinson’s
disease (PD). In an MPTP-induced PD animal model an increased peripheral pro-inflammatory M1 macrophages (M1-
Ma®s) were found. Polarization of this M1-type of M®s to anti-inflammatory M2-type revealed a potential therapeutic
benefit for PD patients. Here we highlight the concept of M®s re-education as a method of PD therapies, and how we can
deploy our knowledge to find out therapeutic regimen for PD treatment.
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1. Introduction

Parkinson's disease (PD) is a 2" most prevailing progressive
neurodegenerative disorder in the world, characterized by death of
dopaminergic (DA-ergic) neurons in the substantia nigra pars compacta
(SNpc) [1]. Though it is primarily considered as an age-related staring from
50 onwards, the onset has also been found at the very early age of life.
Symptomatically it is well recognized by slow movement of the muscle, soft
voices, posture problems and ultimately loss of memories. Deaths have also
been recorded from this disease. Among all the mechanisms and factors so
far involved for PD generation, like aging, genetic as well as environmental
factors, including toxin, brain injury are recorded [2].

Chronic inflammation is universally thought to play a central role in the
initiation and progression of PD [3, 4]. M®s are the main regulatory immune
cells in the periphery [5]. One of the important features of M®s is their
ability to polarize in its different forms (M1-or M2- M®s and adopt a variety
of different activities in response to their environmental factors. M1 type of
Mads is pro-inflammatory, and releases inflammatory factors and
chemokines, such as interleukin-1p (IL-1p), tumor necrosis factor-a (TNF-
), and monocyte chemotactic protein-1 (MCP-1), and iNOS, etc. [6, 7]. In
contrast, M2- M®s can produce anti-inflammatory cytokines including IL-
10, IL-4, IL-13, and promote tissue damage repair [8, 9].

Differential abundances of M1- and M2- M®s have also been found to be
associated with different disease phenotypes, including lung disease,
diabetes, obesity, cancer, and atherosclerosis, etc. [10, 11]. As the
inflammatory diseases progress, M1- M®s are gradually replace the M2-type
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[12]. It would be logical to investigate whether and how the M®s in the brain
are polarizes to M1-type during the pathogenesis of PD, and further whether
this phenomenon happened to all PD victims irrespective of their causative
factors, including gene-defect.

As a part of innate immunity, M®s and neutrophils are known to cross the
leaky blood brain barrier, and secrete cytokines (e.g., interleukins, tumor

necrosis factor, interferon-y), which can initiate the inflammatory responses
causing to PD development [13].

Mds
1.1: The Role of Peripheral Macrophages in the Pathogenesis of PD:

In an MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine)-induced PD
animal model, counts of M1-MFs are found at higher level. Clodronate
liposomes treatment on them depletes M1-MFs level and increase its M2
type along with the reduction of neuro-inflammation and dopaminergic
neuro-degeneration [14]. Parkinson’s disease symptoms can be controlled by
intra-peritoneal injection of a stress reducer, clodronate liposomes which
depletes the level of M1-MFs and increase its M2-type [15-17]. Some
researchers have reported that treatments with clodronate liposomes
preferentially induce apoptosis of M1 monocytes/macrophages and
protected against MPTP-induced neuronal death in the SNpc [18, 19]. The

ratio of M1 phenotype (CD11b+ MHC Ilhi) to the alternatively activated M2

phenotype (CD11lb+ MHC IIIOW) decreased after clodronate liposome
treatment [14].
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1.2: The Decrease in M1-MFs Inhibits Activation of NF-xB Signaling
Pathway and Expression of MHC 11:

M1- M®s can be activated by pro-inflammatory stimulants via induction of
NF-kB signaling pathway [18-20]. In one study it was found that MPTP
when induced the PD development in mouse model, they also increased the
phosphorylation of NF-kB and the expression of MHC II. [14]. Clodronate
liposomes injection, however, was shown to reduce the MPTP- induced NF-
kB phosphorylation and MHC II expression, as well as the PD symptoms.
Therefore, the notion of macrophage polarization from M1-type to M2-type
may be the plausible factor for slowing the progression of PD symptoms [3,
21, 22].

Niacin, a vitamin, was shown to play a role via its receptor,
hydroxycarboxylic acid receptor 2 (HCAR2), in inducing the anti-
inflammatory responses in animal model as well as in humans [23]. In fact,
it is suggested that the niacin effects may be mediated via its receptor
HCAR2, which is highly expressed in macrophages [24-26]. At the
molecular level it was shown that the activation of niacin receptor HCAR2,
down-regulates the NF-«xB signaling pathway, antioxidant mechanisms, and
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does the induction of mitochondrial NAD, which may re-educate M1-MFs
to M2-type and results the neuro-protective effects in PD patients [3].

1.3: Inflammatory Cytokine Expression and Microglial Activation were
Inhibited After M1 Macrophage Depletion in the Striatum and SNPc:

T cells infiltration into the SNPc of PD victims have been documented earlier
[27]. They release inflammatory cytokines to further activate microglia [28],
and the activated microglia further can re-stimulate the T cells [29].
Assessment of the effect of M1 macrophages on inflammatory cytokine
expression revealed that a prominent increase in M1- M®s result the release
of the inflammatory cytokines IL-1p, IL-6, and TNF-o in the striatum and
SNpc. Further, the polarization of M1 to M2-type macrophages decreased
the cytokine expression, microglial activation and reverses the PD symptoms
in mouse model [14].

2: Therapeutic Strategy:

From the above information it revealed a relationship between macrophage
polarization and neuronal damage in PD (Figure 1A, 1B).

A : M1 Macrophage Activation in MPTP-Induced Parkinson’s Disease
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Figure 1: A relationship between macrophage polarization and neuronal damage in PD
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B: Depletion of M1-Macrophages can reverse the PD symptoms
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Figure. 1A: Peripheral macrophages migrate into the brain and differentiate into different macrophages induced by various stimuli with a response to
inflammatory cytokines to M1 type and PD generates.
Figure 1B: Repolarization by another sets of cytokines from M1 to M2-type rescue from Neural cells death and reverses the PD symptoms.

From this standpoint, a strategic development for PD therapy may be  They will re-educate the pro-inflammatory PD-causing M1- M®s to its anti-
possible by adopting any of the following two methods. One, injection of  inflammatory M2-Type and ultimately help the PD patients to get rid of their
polymeric NPs loaded with M1- M®s repolarizing cytokines in the brain disease symptoms (Figure. 2).

Figure 2: Polarization of Macrophages.
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Figure. 2: (A) Peripheral macrophages migrate into the brain and differentiate into different macrophages induced by various stimuli with a response
to inflammatory cytokines to M1 type and PD generates.

Figure (B): Injection of NPs loaded M1-type repolarizing cytokines can re-educate the pro-inflammatory PD-causing M1-type to its anti-
inflammatory form M2-Type and ultimately help the PD patients to get rid from their disease symptoms.
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Secondly, macrophage repolarization to its M2-type can be done in cell
culture dishes in presence of reprogramming cytokines. Then these
reprogrammed cells either can be transplanted in the brain area directly or,

Figure: 3
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can be co-cultured with NSCs to get an unique reprogrammed cells (For
review, 30-32) which should express anti-inflammatory cytokines, as well
as can produce dopamine, a main element for PD therapy (Figure. 3).

Step#1: Macrophage Re-polarization tp its M2-Type in cell culture
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Figure 3: Step #1: Macrophage repolarization to its M2-type in cell culture dishes in presence of reprogramming
cytokines. Grow the cells until enough amount of M2-M®s are obtained.

Step#2: Cell-Cell Interaction between M2-type M®s and hNSCs to get an unique cell which should express anti-

inflammatory cytokines, as well as need-based dopamine.

3. Discussion

From the above research it is revealed that the number of M1 macrophages
in the peripheral immune system when increased, PD symptoms appear, and
depletion of M1 macrophages can reverse the inflammatory effects as well
as prevents neuro-degeneration. During PD pathogenesis over-activated
immune cells infiltrate towards the SN region of the brain, and produce
neurotoxic pro-inflammatory cytokines. The similar phenomenon was also
observed during MPTP-induced PD genesis in mouse model [1, 33, 34].
Recent research showed that inflammatory M1- M®s in peripheral immune
system when repolarized to anti-inflammatory M2-type by clodronate
liposome or niacin that can rescue from neurological deficits and neuron
reduction in the SNpc [35, 36].

M1- M®s release more pro-inflammatory cytokines by activating the NF-xB
signaling pathway [37], and have greater antigen-presenting capacity
through the expression of MHC-II class of antigen [38]. All these effects in
turn could activate T cells to infiltrate into the brain [37, 39], which
ultimately activate the microglia. The activation of microglia produces
inflammatory cytokines, which are detrimental to the neural cells [9].
However, depletion of M1- M®ds by repolarizing it to M2-type reduces the
phosphorylation of NF-xB and the expression of MHC 1l antigen, ultimately
can restore the neural health. In conclusion, the neural cell death in PD can
be restored by any factors like cytokines, vitamins, nanoparticles, which can
polarize pro-inflammatory M1-type of macrophages to its anti-inflammatory
M2-type.

4. Conclusion:
Accumulation of M1 type of macrophages in the brain is the key player of
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PD onset, may there be any reason for that including genetic and/or sporadic
factors. Repolarization to its M2-type is the strategy that could be deployed
by cytokines, nanoparticles or both. NSCs also can be the vehicles of those
cytokines and can be packed in polymeric nanoparticles for uninterrupted
and safest delivery to CNS area. The DA-ergic NSC cells while will
replenish the loss of neural cells the anti-inflammatory cytokines will re-
educate M1 type to M2 type, and in combination therapeutic benefits could
be achieved for PD victims.
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