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Is Parkinson’s disease an autoimmune disorder of
endogenous vasoactive neuropeptides?
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Summary Parkinson’s disease (PD) is a motor disease including disorders of mobility, fine tremor, rigidity and posture
caused by a relentless deterioration of dopaminergic cells in the substantia nigra (SN). Disorders of affect and a range
of other symptoms including fatigue, cognitive dysfunction and mental confusion, sleep disorder and addictions are
also seen as other CNS sites are also affected. Idiopathic and genetic causes together with inflammatory and
degenerative disorders of ageing have been postulated as contributing to PD.
Autoimmunity affecting certain vasoactive neuropeptides (VNs) has been postulated as contributing to certain
fatigue-related conditions in humans and may be consistent with compromise of receptors associated with VNs and
including receptors for vasoactive intestinal polypeptide (VIP) and pituitary adenylate cyclase-activating polypeptide
(PACAP).
Pro-inflammatory responses are seen in PD patients consistent with apoptotic neurodegeneration. Involvement of
the Th1 directed cytokine interferon-gamma has been demonstrated and Th2 directed cytokines such as IL-10 protect
against inflammation-mediated degeneration of dopaminergic neurons in the SN. Nitric-oxide dysregulation is also
postulated in PD by fostering dopamine depletion via nitric-oxide synthase (iNOS).
Both PACAP and VIP have neuroprotective effects in PD models by inhibiting the production of inflammatory
mediators. PACAP specifically protects against the neurotoxicity induced by rotenone as well as protecting against
oxidative stress-induced apoptosis. These findings suggest that a defect in VN function may act adversely on SN cells
and hence contribute to a clinical presentation consistent with PD. The conclusion drawn from these findings is that PD
may be an autoimmune disorder of VNs, specifically PACAP and VIP. Possibly unusual or anatomically specific receptors
for these VNs may be involved. If proven, this hypothesis would have significant implications for immunological and
pharmacological treatment and prevention of PD.
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Introduction
Autoimmunity affecting vasoactive neuropeptides
(VNs) has been postulated as contributing to certain
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fatigue-related conditions in humans [1]. This
hypothesis was suggested to account for the multifaceted and confusing symptomatology of some
fatigue-related conditions e.g. chronic fatigue-syndrome/myalgic encephalomyelitis (CFS/ME) and
fibromyalgia (FM). The constellation of symptoms
associated with these conditions is compatible with
compromise of receptors associated with VNs and
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include the receptors for vasoactive intestinal polypeptide (VIP) and pituitary adenylate cyclase-activating polypeptide (PACAP). These receptors are
class II G protein-coupled receptors (GPCRs) which
couple primarily to the adenylate cyclase (AC)-cyclic AMP pathway [2]. As VNs activate AC they have
a key role in converting ATP to cyclic AMP (cAMP),
hence setting balance levels for ATP and cAMP.
Importantly ATP is critical for cell survival and cAMP
has a central role in neurological metabolism including influencing blood–brain barrier permeability,
coordination of neuroregulatory pathways, and protecting against neuronal apoptosis. Importantly for
therapeutic contexts cAMP effects are maintained
by phosphodiesterase inhibitors.
Parkinson’s disease (PD) is a serious motor disease including disorders of mobility, fine tremor,
rigidity and posture caused by a relentless deterioration of dopaminergic cells in the substantia nigra
(SN) [3]. However it also includes disorders of affect and a range of other symptoms including fatigue, cognitive dysfunction and mental confusion,
sleep disorder and addictions suggesting pathology
of frontal lobe and other CNS sites. Idiopathic and
genetic causes together with inflammatory and
degenerative disorders of ageing have been postulated as contributing to PD [4].

Autoimmunity and apoptosis
in Parkinsons’s disease
Autoimmunity has been suggested in PD [5] including humoral immunity [6]. Experimental autoimmune nigral damage in guinea pigs causes
degeneration of dopaminergic neurons suggesting
an autoimmune process [7]. Pro-inflammatory responses are seen along with decreased expression
of neurotrophins in nigrostriatal neurons and cerebrospinal fluid (CSF) of PD patients consistent with
apoptotic neurodegeneration [8]. Involvement of
the Th1 directed cytokine interferon-gamma has
been demonstrated [9]. Moreover Th2 directed
cytokines such as IL-10 protect against inflammation-mediated degeneration of dopaminergic neurons in the SN [10]. Nitric-oxide dysregulation is
also postulated in PD by fostering dopamine depletion via inducible nitric-oxide synthase (iNOS) [11].
Interestingly these inflammatory and apoptotic
findings are not confined to the CNS. Apoptotic
markers have been found in lymphocytes of PD patients [12] which might suggest a common pathomechanism involving apoptotic pathways and
receptors expressed outside the CNS. Moreover
mitochondrial survival is largely determined by
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cytochrome c and the Bcl-2 family of proteins
which may either facilitate or oppose apoptosis.
Other apoptotic pathway agents include certain
caspases. Apoptosis involving both neurons and
microglia may contribute to PD neuronal loss [13]
and mitochondrial factors appear to play a key role
[14].
Animal models developed to simulate PD in rats
include application of the natural pesticide rotenone, which targets the SN through toxicity associated with calpain and caspase-3 upregulation with
neuronal death accompanied by astrogliosis and
microgliosis [15]. However these models may not
entirely represent the neurodegenerative condition
of PD [16] and may reflect changes only in rats and
not mice [17]. Nevertheless significant changes in
tyrosine hydroxylase-positive neurons can arise
from relatively short duration, low dose exposures
of rats to rotenone [18].
Loss of SN cells is thus believed to be through dysregulated apoptotic mechanisms involving Bcl-2 and
p53 pathways. In humans, Bcl-x(L), an anti-apoptotic member of the Bcl-2 family, is up-regulated in
PD [19] possibly suggesting effort to counter-apoptotic events. Similarly p53 inhibitors preserve dopamine neurons and motor function in experimental
parkinsonism [20]. Activation of apoptotic JNK
pathways in PD models is also described [21]. PACAP
has been shown to oppose-apoptotic JNK/SAPK/p38
pathways in hippocampal cells [22]. PACAP also regulates iNOS expression in macrophages [23] and
microglia [24]. Hence compromise of PACAP or
one of its receptor sub-types within the PAC1R family could have a direct link to these apoptotic findings in a range of tissue cells.

Is Parkinson’s disease linked to
vasoactive neuropeptides?
Receptors for VNs exhibit a number of specific subtypes which continue to be discovered and
mapped. It is possible that autoimmunity may affect different sub-types in different anatomical regions. Thus it may be possible that VN receptor
sub-types specific for the SN may be involved. PACAP activates receptors of PAC1R, VPAC1R and
VPAC2R families, and PACAP has been identified
widely in the brain including the SN as well as in
other organs and blood cells [25]. PACAP has been
shown to be effective in treatment in rat models of
PD [26]. Both PACAP and VIP have neuroprotective
effects in PD models by inhibiting the production of
inflammatory mediators [27]. PACAP specifically
protects against the neurotoxicity induced by
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rotenone [28] as well as protecting against oxidative stress-induced apoptosis [29].
In a murine model for PD, Delgado and Ganea
[30] note that the neurotoxin 1-methyl-4phenyl-1,2,3,6-tetrahydropyridine (MPTP) activates microglia and promotes dopaminergic neuronal loss. These pathologies are significantly
decreased by VIP thus suggesting that VIP may
be useful in treatment of neuropathological conditions such as PD. Turning this evidence around,
these findings might suggest that a defect in specific VN function could act adversely on SN cells
and, perhaps in concert with other environmental
factors, contribute to a clinical presentation consistent with PD. This would have significant implications for immunological [31] and pharmacological [32] treatment and prevention of PD
possibly including anti-idiotypic antibodies and
phosphodiesterase inhibitors.

Conclusion
Autoimmunity has been postulated as being implicated in PD although no definitive pathway has
been identified to date. The premise adopted in
this paper is that PD-inflammatory and apoptotic
pathways may be instigated by VN autoimmunity.
Pathways for ATP and cAMP control would conceivably be deregulated and this outcome would be
consistent with VN failure. The conclusion drawn
from these findings is that PD may be an autoimmune disorder of VNs such as VIP and PACAP. Possibly unusual or anatomically specific receptors
for VIP and PACAP may be involved. If proven, this
hypothesis would have significant implications for
treatment and prevention of PD.
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