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Are vasoactive neuropeptide autoimmune
fatigue-related disorders mediated via G
protein-coupled receptors?
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Summary Vasoactive neuropeptides such as pituitary adenylate cyclase activating polypeptide (PACAP), calcitonin
gene related peptide (CGRP) and vasoactive intestinal peptide (VIP) have been implicated in a number of fatigue-
related conditions. Associations of these vasoactive neuropeptides with heat shock proteins (hsps) and cytosine—
guanosine dinucleotide (CpG) DNA fragments in autoimmune phenomena have been postulated to interfere with
receptor signal activation for adenylate cyclase and other vital cellular processes. However, a specific mechanism for
receptor dysfunction has not been explored to date.

G protein-coupled receptors (GPCRs) constitute a high proportion of biological receptor mechanisms and serve a
wide range of substances including nucleosides, nucleotides, catecholamines, calcium, histamine, serotonin and
prostaglandins. They are complex transmembrane hepta-helical serpentine structures with specific binding capabilities
resulting in conformational changes that activate cognate cyclic GMP (G proteins). GPCRs adapt to certain stimuli
through desensitisation and changes in phosphorylation and are subject to distortions of signalling processes. Hence,
these vital signalling structures are susceptible to impairment of function through a range of mechanisms.

One of their vital functions is signalling through adenylate cyclase, a vital step in cyclic AMP metabolism. This step
involves ATP metabolism and therefore is a crucial mediator of cellular energy pathways. Some GPCRs act to inhibit
adenylate cyclase (Gi proteins). Also vasoactive neuropeptides, such as PACAP display a nhumber of receptor isotypes
including null variants. Overexpression of Gi proteins and null variant receptors may account for major disruptions of
signal transduction and ATP/cAMP metabolism.

This paper examines the possible role of GPCR dysfunction in contributing to fatigue-related vasoactive
neuropeptide autoimmune disorders which may include chronic fatigue syndrome (CFS), Gulf War syndrome (GWS)
and even sudden infant death syndrome (SIDS).
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Introduction
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vasoactive intestinal peptide (VIP) are powerful
effectors of neuroregulatory, immunomodulatory
and hormonal functions. These neuropeptides
and their receptors are present in brain and a
wide range of other tissues. They have significant
co-transmission roles with adrenergic and cholin-
ergic neurotransmitters [1,2].

Vasoactive neuropeptide (VN) dysfunction has
been implicated in a number of fatigue-related
conditions [3]. While a valid patho-mechanism to
explain these fatigue-related conditions remains
unproven, associations of certain vasoactive neuro-
peptides with heat shock proteins and cytosine—
guanosine dinucleotide (CpG) DNA fragments in
causing autoimmune phenomena have also been
postulated [4,5]. However, a specific mechanism,
such as receptor dysfunction has not been carefully
explored to date. This paper explores the possible
role of G protein-coupled receptor abnormalities
in producing fatigue-related VN autoimmune
disorders.

GPCR receptor structure and function

Receptors for VNs of the VIP/PACAP family are G-
protein coupled heptahelical transmembrane
receptor structures (GPCRs) with intracellular
and extracellular components. Alterations to
their structure have significant effects on their
functioning. GPCRs have significant sequence
homology, demonstrate overlap of distribution
patterns and may interact to promote synergy
or complementarity of function [6,7]. Limited
redundancy exists between receptors, for exam-
ple PACAP may activate all three known receptor
types (PAC1, VPAC1 and VPAC2) although PACT is
dominantly activated by PACAP. However, a de-
gree of interdependency also exists with co-trans-
mission known to occur. Hence, susceptibility to
dysfunction of one of these substances may im-
pact on the effective functioning of another.
Other naturally occurring ligands also exist such
as maxadilan, a sand fly salivary vasodilatory pep-
tide [8], which activates the PAC1 receptor while
not having a high degree of homology with natu-
ral ligands [9].

Multiple signalling pathways are implicated in
VIP/PACAP systems [12]. These receptors mostly
activate adenylate cyclase, an essential step in
cyclic AMP metabolism, with effects also on cal-
cium, protein kinase (PKA, PKC) and inositol phos-
phate pathways. While these effects are complex
and specialised sources should be consulted, the

predominant role of cyclic AMP activation is the
core function postulated to be compromised in
VN autoimmune disorders.

Numerous isoforms and splice variants exist for
some of these receptors (e.g., PAC1). They have
variable lengths and shapes including so-called
‘hip’ and ‘hop’ cassette variants. Interestingly
the ‘hip’ variant is believed to be unable to
transduce an activating signal despite being able
to bind ligands satisfactorily. Mutation/conver-
sion to ‘hip’ variants of the PAC1 receptor
would have significant implications for loss of
function of the PAC1 receptor and hence PACAP
function.

Receptors may be altered by receptor activity
modifying proteins (RAMPS) and are also affected
by radiological, chemical and biological interven-
tion with consequent alteration of receptor expres-
sion and function. For example, RAMPS interact
with certain VN receptors to promote receptor
functional specificity, glycosylation, transport and
activity [10].

Alterations in vasoactive neuropeptide GPCR
receptor structure and function are documented.
Mutations in the third intracellular loop of the hu-
man recombinant VPAC1 receptor differentially af-
fect adenylate cyclase and calcium activities [11].
As noted above the ‘hip’ cassette is known to im-
pair adenylate cyclase function and abolishes phos-
pholipase C (PLC) stimulation [12]. Hence
aberrations of receptor structure involving ‘hip’
cassette expression arguably will have a significant
impact on functional capacity of this GPCR and
downstream activation of energy and metabolic
pathways and upstream genomic expression
pathways.

Deletion variants of VPAC receptors occur. A
deletion variant of mouse VPAC2 lacking amino
acids 367—380 at the carboxyl-terminal end of
the seventh transmembrane domain has been
identified in immune cells. This variant does not
transduce VIP-elicited increases in intracellular
concentrations of cyclic AMP. Hence natural
deletion of the last transmembrane domain of
VPAC2 abrogates signalling functions without
apparent alterations of expression or ligand bind-
ing [13].

Overexpression of VIP/PACAP receptors is
noted in certain pathological conditions such as
bronchitis and cancer [14,15]. However, their
role in mediating possible autoimmune reactivity
in fatigue-related conditions is not clear and lit-
tle information appears available on whether
these VN receptors instigate autoimmune
responses.
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Do autoimmune aberrations influence
VIP/PACAP receptor expression,
structure and function?

The question remaining to be answered is
whether autoimmune complexes (e.g., VN—hsp—
CpG complexes) could trigger autoimmune dys-
function of VIP/PACAP GPCR receptors. Evidence
for such a mechanism so far appears thin.
Lombardi et al demonstrated that inflammatory
processes in vivo induced a tissue-specific down-
regulation of GPCR kinases (GRKs) in adjuvant
arthritis. Responsiveness of GPCRs is modulated
by the family of GPCR kinases (GRK1-6) and these
act by phosphorylating GPCRs in an agonist-
dependent manner, resulting in homologous
desensitisation of the receptor. GRKs and arres-
tins also play a key role in GPCR internalisation,
dephosphorylation and recycling, thus contribut-
ing to the extent of both desensitisation and
resensitisation of the receptors. Additionally
oxygen radicals may be responsible for degrada-
tion of GRK2 protein in activated immune organs
[16].

A self-defeating feedback loop of inflammatory
mediators, such as cytokines/chemokines could
conceivably result in prolonged down-regulation
of vital neuropeptide receptors should a per-
verse autoimmune stimulus be instigated and
continue unabated. The role of heat shock pro-
teins and CpG DNA fragments in this context
has already been suggested above. Of particular
interest is the question of whether ineffective
transduction isotypes such as the ‘hip’ cassette
variant of the PAC1 receptor are preferen-
tially upregulated hence effectively ‘silencing’
the PAC1 receptor and causing a disproportion-
ately magnifying effect on VN receptor
dysfunction.

Clearly if long-term disorders such as the
chronic fatigue syndromes are associated with
vasoactive neuropeptide GPCR abnormalities
these disorders would have to manifest dysfunc-
tion of expression, ligation/binding capacity or
signal transduction of their receptors. Hence, dis-
orders of genomic expression, receptor structure,
cellular migration or immune tolerance could oc-
cur as a result of autoimmune effects on VN
GPCRs and be sustained over a prolonged time
period resulting in phenotypic fatigue-related
conditions.

References

[1] Arimura A. perspectives on pituitary adenylate cyclase
activating polypeptide (PACAP) in the neuroendocrine,
endocrine and nervous systems. Jpn J Physiol
1998;48(5):301—-31.

[2] Vaudry D, Gonzalaz BJ, Basille M et al. Pituitary adenylate
cyclase-activating polypeptide and its receptors: from
structure to functions. Pharmacol Rev 2000;52(2):269—324.

[3] Staines DR. Overview of an autoimmune theory of endog-
enous vasoactive neuropeptides in the aetiology of certain
conditions. Med Hypoth 2004;62(5):643—5.

[4] Staines DR. Do vasoactive neuropeptides and heat shock
proteins mediate fatigue-related autoimmune disorders?.
Med Hypoth 2005;64(3):539—42.

[5] Staines DR. Do cytosine guanine dinucleotide (CpG) frag-
ments induce vasoactive neuropeptide mediated fatigue-
related autoimmune disorders? Med Hypoth [in press].

[6] Joo KM, Chung YH, Kim MK et al. Distribution of vasoactive

intestinal peptide and pituitary adenylate cyclase-activat-

ing polypeptide receptors (VPAC1, VPAC2 and PAC1 recep-
tor) in the rat brain. J Comp Neurol 2004;476(4):388—413.

DeHaven WI, Cuevas J. VPAC receptor modulation of

neuroexcitability in intracardiac neurons: dependence on

intracellular calcium mobilisation and synergistic enhance-
ment by PAC1 receptor activation. J Biol Chem
2004;279(39):40609—-21.

Lerner EA, Ribeiro JM, Nelson RJ, Lerner MR. Isolation of

maxadilan, a potent vasodilatory peptide from the salivary

glands of the sand fly Lutzomyia longipalpis. J Biol Chem
1991;266(17):11234—6.

[9] Moro O, Lerner EA. Maxadilan, the vasodilator from sand
flies, is a specific pituitary adenylate cyclase activating
peptide type | receptor agonist. J Biol Chem
1997;272(2):966—70.

[10] Cueille C, Garel JM. RAMPS and G protein coupled recep-
tors. Med Sci (Paris) 2004;20(8—9):773—8.

[11] Langer I, Robberecht P. Mutations in the carboxy-terminus
of the third intracellular loop of the human recombinant
VPAC1 receptor impair VIP-stimulated [Ca2*]; increase but
not adenylate cyclase stimulation. Cell Signal
2005;17(1):17—-24.

[12] Zhou CJ, Shioda S, Yada T et al. PACAP and its receptors
exert pleiotropic effects in the nervous system by activat-
ing multiple signalling pathways. Curr Prot Pept
Sci(3):423—-39.

[13] Grinninger C, Wang W, Oskoui KB et al. A natural variant
type Il G protein-coupled receptor for vasoactive intestinal
peptide with altered function. J Biol Chem
2004;279(39):40259—62.

[14] Miotto D, Boschetto P, Bononi | et al. Vasoactive intestinal
peptide receptors in the airways of smokers with chronic
bronchitis. Eur Respir J 2004;24(6):958—63.

[15] Schulz S, Rocken C, Mawrin C et al. Immunocytochemical
identification of VPAC1, VPAC2 and PAC1 receptors in
normal and neoplastic human tissues with subtype-specific
antibodies. Clin Cancer Res 2004;10(24):8235—42.

[16] Lombardi MS, Kavelaars A, Cobelens PM et al. Adjuvant
arthritis induces down-regulation of G protein-coupled
receptor kinases in the immune system. J Immunol
2001;166:1635—40.

[7

—

[8

—_—

Available online at www.sciencedirect.com

SclENcE(dDIREcT®



	Are vasoactive neuropeptide autoimmune  fatigue-related disorders mediated via G  protein-coupled receptors?
	Introduction
	GPCR receptor structure and function
	Do autoimmune aberrations influence VIP/PACAP receptor expression, �structure and function?
	References


