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   Foreword   

 Neuroinfl ammation is a prominent pathological hallmark of Parkinson’s disease 
(PD), but, more often than not, neuroinfl ammation has been considered the conse-
quence rather than the cause of PD. The many timely chapters in this book expand 
our understanding of the role of neuroinfl ammation in the pathogenesis of neuronal 
injury in PD, and strengthen the evidence that neuroinfl ammation is not merely the 
consequence but can actively mediate neuronal injury. In PD as in other neurode-
generative diseases, including Alzheimer disease and amyotrophic lateral sclerosis, 
neuroinfl ammation fans the fl ames of neurodegeneration. These neurodegenerative 
diseases present predominantly as sporadic and, to a lesser extent, inheritable disor-
ders. The etiology of the sporadic forms of disease is largely unknown, but discov-
ery of specifi c mutations responsible for inheritable forms of each of these disorders 
has revealed the central role of misfolded proteins in sporadic as well as familial 
disease. Dysfunction in multiple molecular pathways has been implicated in neuro-
degeneration, including autophagy and ubiquitin-proteasomal pathways, mitochon-
drial function, production of reactive oxygen species (ROS), alterations in axonal 
transport, and impaired RNA metabolism. All are key events that can initiate and 
promote neurodegeneration. The heterogeneity of the clinical phenotypes might be 
attributable at least in part to the multiplicity of these compromised pathways. The 
key question is whether compromise of any or all of these perturbations within neu-
rons is suffi cient to cause neuronal death. Data from ALS transgenic mouse models 
suggest that expression of a genetic defect in superoxide dismutase (mSOD1) solely 
in motor neurons does not lead to clinical disease. Furthermore, expression solely in 
microglia also does not cause motor neuron injury or give rise to disease, nor does 
expression solely in astrocytes. Expression of the mutant gene and misfolded pro-
teins must be present in motor neurons and be communicated to glia to cause motor 
neuron injury, progressive disease, and shortened survival. Thus, in the animal 
model of ALS, dysfunction of the multiple compromised pathways within neurons 
is not suffi cient to cause neuronal cell death; motor neuron injury is non-cell auton-
omous and disease progression depends on a well-orchestrated involvement of 
motor neurons and glia, and subsequently T lymphocytes. 
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 A similar scenario appears relevant to PD. Ever since the report that a mutation 
in α-synuclein gave rise to familial PD, there has been an explosion of evidence 
documenting the central role of misfolded α-synuclein in the pathophysiology of 
both motor and non-motor signs as well as dopaminergic and non-dopaminergic 
systems in PD, prompting the delineation of PD as an α-synuclein proteinopathy. 
The pathological hallmark of PD is the Lewy body, an α-synuclein-containing intra-
neuronal cytoplasmic inclusion; a central role for misfolded α-synuclein has also 
been reinforced by reports that increased copy number of the α-synuclein gene can 
cause familial parkinsonism. In PD as in ALS, non-cell autonomous pathways can 
be implicated, which means that signaling between neurons and glia may be required 
to promote progressive neuronal injury and accelerated death. Regardless whether 
intraneuronal accumulation of misfolded and aggregated α-synuclein proteins lead-
ing to mitochondrial dysfunction, increased ROS, and altered RNA processing are 
early events in neuronal injury, cell death depends on the well-orchestrated partici-
pation of non-neuronal cells including microglia and astrocytes. Neuroinfl ammation 
is the hallmark of this non-cell autonomous process and depends on neuron-glial-T 
lymphocyte signaling, fostered and initiated by the compromised intra-neuronal 
pathways. In experimental models signals from injured neurons are initially com-
municated to microglia, members of the innate immune system, and subsequently 
to astrocytes, thereby coordinating a communal response to neuronal injury. In 
response to alterations in the activation states of the innate immune microglia and 
astrocytes, T lymphocytes, as members of the adaptive immune system, join the 
process by infi ltrating the CNS at sites of neuronal injury. 

 The potential contribution of neuroinfl ammation to the pathogenesis of PD is 
supported by a number of reports. A genome-wide association study (GWAS) asso-
ciated PD with a highly polymorphic region of HLA-DR, previously reported with 
numerous infl ammatory disorders. HLA-DR immunoreactive microglia are promi-
nent in the SN of PD patients, and are known to interact with T lymphocytes. 
Degeneration of the ventral midbrain DA neurons in PD is accompanied by the 
presence of activated microglia with increased inducible nitric oxide synthase 
(iNOS), TNF-α, IL-1β, IFN-γ, and nuclear translocation of NF-κB. In PD, activated 
microglia exhibit a pro-infl ammatory M1 phenotype. Increased lipid peroxidation, 
as well as carbonyl- and nitrotyrosine-modifi ed proteins, is also observed in CNS 
nigral tissue. Activated microglia that surround DA neurons are noted in postmor-
tem tissues of human subjects that have previously developed symptoms and signs 
of parkinsonism following exposure to the neurotoxin MPTP. 

 In vitro and experimental in vivo studies provide evidence that misfolded 
α-synuclein itself may contribute to the neuronal-glial signaling that promotes neu-
rodegeneration. Normal monomeric and aggregated forms of α-synuclein secreted 
from DA neurons can convert M2 anti-infl ammatory microglia to M1 pro- 
infl ammatory microglia, enhancing secretion of ROS and cytokines and leading to 
neuronal cell death, while inhibitors of these ROS attenuate in vitro DA neurotoxic-
ity. Following expression of the human α-synuclein protein in transgenic mice, 
insoluble α-synuclein aggregates accumulate in nigral neurons, and render DA 
 neurons more vulnerable to LPS-induced microglia-mediated neurotoxicity. 
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DA neurons exposed to MPP+ have increased accumulation and secretion of 
 misfolded and aggregated α-synuclein, but the MPP+-mediated DA neuronal injury 
was not suffi cient to cause neuronal death; microglia are necessary to deliver the 
coup de grace by releasing free radicals and pro-infl ammatory cytokines. The 
increased release of misfolded and aggregated α-synuclein from injured DA neurons 
has a self- propagating effect causing further oxidation and further release of 
α-synuclein from DA neurons, and further amplifying DA neurodegeneration. In 
addition, intracerebral inoculation of preformed α-synuclein fi brils in non-transgenic 
mice spreads in a prion-like fashion, spreading severe dopaminergic cell injury. 

 T lymphocytes also participate in the ongoing infl ammatory process. Both CD4+ 
and CD8+ T lymphocytes are present in the SN of PD patients. Although end-stage 
autopsy tissue cannot defi ne the functional role of T lymphocytes, experimental 
animal models have provided meaningful insights. In MPTP-treated mice, T lym-
phocytes enhance cytotoxicity. SCID, Rag1−/−, or TCR−/− mice lacking T lympho-
cytes are relatively resistant to MPTP-induced SN dopaminergic cell degeneration; 
in mice lacking CD4+ T lymphocytes, MPTP caused signifi cantly less DA cell 
death. Thus, MPTP-mediated DA cell killing requires CD4+ T lymphocytes as well 
as microglia. 

 T lymphocytes can be neuroprotective as well; transplantation of T lymphocytes 
from mice immunized with the immunomodulatory drug glatiramer acetate (GA) 
attenuated the MPTP-induced SN cell loss. IL-4 provided neuroprotection from 
toxicity mediated by activated microglia, and studies in ALS animal models sug-
gest that Th2 lymphocytes as well as Tregs release IL-4 and modulate the pro- 
infl ammatory M1 phenotype, suggesting that a similar mechanism may be relevant 
to PD. Several studies of the MPTP model suggest that increased Tregs mediate 
neuroprotection and Th17 lymphocytes promote neurotoxicity. Adoptive transfer of 
CD3-activated Tregs to MPTP-intoxicated mice provides greater than 90 % protec-
tion of the nigrostriatal system. The response is dose-dependent and parallels 
 modulation of microglial responses and up-regulation of GDNF and TGF-β. 
Transplantation of Teffs provided no signifi cant neuroprotective activities. The 
ratio of neuroprotective to cytotoxic T lymphocytes (Th2/Tregs to Th1/Th17) 
appears to be a relevant parameter in mediating neuroprotection versus neurotoxic-
ity. Tregs were found to mediate neuroprotection possibly through suppression of 
microglial responses to aggregated and nitrated α-synuclein. In vitro, Tregs sup-
press microglial release of ROS induced by misfolded α-synuclein, whereas Teffs 
exacerbate microglial release of ROS. Thus, neuroprotection can be achieved 
through modulation of microglial oxidative stress and infl ammation. Taken together, 
these results demonstrate that Tregs can suppress nitrated α-synuclein-induced 
cytotoxic neuroinfl ammation. 

 The cumulative data from in vitro and experimental studies of PD models sug-
gest that both microglia and T lymphocytes can serve protective as well as cyto-
toxic functions. The combination of M2 monocyte/microglia and Tregs/Th2 
lymphocytes are neuroprotective and actively suppress M1/Th1/Th17-mediated 
toxicity; the combination of M1 monocyte/microglia and Th1/Th17 lymphocytes are 
cytotoxic. However, the timing of protection and cytotoxicity remains to be determined. 
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Is the milieu protective early in the course of experimental models of PD as well as 
in PD patients, and toxic later in disease, as noted in models of ALS? The answers 
are not available. What is needed is a better understanding of how to limit populations 
of cells mediating cytotoxic immunomodulation and how to expand populations of 
cells mediating neuroprotective immunomodulation. 

 More critical is whether the experimental data are truly applicable to patients 
with PD, and whether neuroinfl ammation can mediate neurodegeneration in 
patients. Biomarkers specifi c for neuroinfl ammatory pathways that effectively mon-
itor the evolution of disease and potential responses to immunomodulatory therapy 
would provide important support for the relevance of neuroinfl ammation to the 
pathogenesis of disease. As an approach, neuroimaging, as delineated in this book, 
may well function as a biomarker to monitor microglial activation, especially in 
concert with immune/infl ammatory blood markers. Dr Thomas is to be congratu-
lated for assembling these fi rst-rate authors and chapters that detail the infl amma-
tory responses and their contribution to neurodegeneration; novel pathways are 
defi ned that could potentially lead to meaningful therapies that promote effective 
neuroprotection.  

  Houston, TX, USA     Stanley     H.     Appel, M.D.     
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  Pref ace   

 Infl ammation in Parkinson’s disease (PD) has always been a subject of great  interest. 
Chronic infl ammation in the brain can be induced in a primate model even with a 
single injection of MPTP. Many genetic and environmental factors contribute to 
onset of PD. There is much to learn from recent developments in systems biology 
including study of proteomics and metabolomics in developing future biologic 
markers. Of great interest is whether infl ammation is a co-contributor or an inde-
pendent driving process for cell death in PD. Arguments can be made for both. 
However, PD is a heterogeneous disease. Based on familial risk factors for PD, one 
can hypothesize that PD can be due to pathways of pure apoptosis, infl ammation, 
vascular risk factors, presence of oncogenes, and multifactorial etiology. One needs 
to review this carefully and perhaps develop biological markers based on familial 
risk factors, and these pathways need to be clarifi ed further. There could be isolated 
subtype of PD, with predominant infl ammatory pathology, and therapeutic targets 
can be developed in the future. The focus of this publication is to bring together 
basic laboratory advances as well as currently available clinical literature to support 
this concept of infl ammation as being an important process in PD. In this maiden 
venture I have sought help from many of my learned colleagues, who have kindly 
agreed to work on bringing this volume together. I am hoping this volume will help 
students, researchers, and clinicians alike in developing novel concepts in research 
in the future.  

  Bedford, TX, USA     Madhavi     Thomas, M.D.     
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