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Summary Autoimmune dysfunction of certain vasoactive neuropeptides (e.g., vasoactive intestinal peptide,
pituitary adenylate cyclase activating polypeptide) may be implicated in a range of disorders associated with
fatigue-like states (chronic fatigue syndrome, Gulf War syndrome) and even sudden infant death syndrome (SIDS). The
important roles of these vasoactive neuropeptides make them a vulnerable target for autoimmune dysfunction. They
are known to be associated with heat shock proteins for intracellular functioning with which they may form
immunostimulating complexes. Cytosine guanine dinucleotide (CpG) fragments are potently immunogenic DNA
fragments which serve as friend or foe recognition systems between bacterial (hypomethylated) and mammalian
(methylated) DNA and are being assessed for suitability for use in human vaccines as adjuvants. Interactions between
CpG fragments, heat shock proteins and vasoactive neuropeptides may be associated with fatigue-related autoimmune

conditions.
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Do cytosine guanine dinucleotide
(CpG) fragments induce vasoactive
neuropeptide mediated fatigue-related
autoimmune disorders?

Certain vasoactive neuropeptides (VNs), such as
pituitary adenylate cyclase activating polypeptide
(PACAP) and vasoactive intestinal peptide (VIP)
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are widely distributed in mammalian brain and
other tissues and have immunoregulatory, neur-
oregulatory, neurotrophic, neuroprotective, neu-
rotransmitter and hormonal functions with
significant influence on carbohydrate and lipid
metabolism [1,2]. They are regulators of gaseous
(e.g., NO, CO) and noradrenergic and cholinergic
transmission [3—5]. These VNs are critical for an
extraordinary array of biological processes includ-
ing promoting muscle mass and contractive force
[6], and brain function particularly hippocampal
and other major CNS processes [7—9]. PACAP and
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VIP act through only three G-protein coupled
receptors (PAC1, VPAC1 and VPAC2) with limited
redundancy between them [10].

PACAP and VIP effects are mediated through
activation of adenylate cyclase, an essential step
in cyclic AMP metabolism. Collocation and co-func-
tion of their receptors with gaseous, noradrenergic
and cholinergic neurotransmitters suggests a plau-
sible causal association with fatigue-related
disorders.

These VNs are implicated in autoimmune disor-
ders. They prevent or ameliorate pathology in
experimental autoimmune uveoretinitis and exper-
imental autoimmune encephalomyelitis [11,12]
which raises the question of whether other autoim-
muneconditions may arise through dysfunction of
these VNs. Molecular mimicry with bacterial or
viral fragments has been postulated as one mecha-
nism triggering autoimmune dysfunction against
certain VNs possibly resulting in fatigue-related
states [13,14].

Cytosine guanine dinucleotide fragments (CpG
motifs) of DNA are postulated to be the active
ingredients in bacterial DNA extracts able to induce
immune responses [15,16] and display adjuvant ef-
fects [17] which may have applications in human
vaccines [18]. These immune activating effects
may occur through acquired bacterial or viral
DNA, oligodeoxynucleotide (ODN) fragments or
through self-derived DNA fragments [19]. However,
repeated exposure to CpG ODN has also been
shown to have adverse consequences including
lymphoid follicle destruction and immunosuppres-
sion in mice [20].

Microbial pathogens containing CpG fragments
are known to bind Toll-like receptors and/or stim-
ulate microbe-specific T cells to express CD40 li-
gand, thereby licensing antigen presenting cells
that bear both microbial and autoantigens to break
tolerance and precipitate autoimmune disease
[21,22]. A similar mechanism is proposed to induce
autoreactive T cell responses to pyruvate deyhy-
drogenase complex (PDC) in a murine model skew-
ing CD4(+) T cell responses toward the Th1
phenotype [23]. In lupus-prone mice, abnormal in-
nate responses through their pattern-recognition
TLR9 receptors implies that response to infectious
danger in these mice is inappropriate and may be
linked to lupus pathogenesis [24,25]. Hence auto-
immune and inflammatory processes are known to
be induced through these mechanisms.

Heat shock proteins (hsps) may also be impli-
cated in the recognition of bacterial or mammalian
CpG DNA by acting as a ligand transfer molecule
and/or play a central role in the signalling cascade
induced by CpG DNA [26]. Moreover, innate and

adaptive immune mechanisms may act through a
cross priming adjuvant mechanism to engage heat
shock protein in autoreactive responses [27]. Hsps
also activate Toll-like receptors in triggering innate
immunity, perhaps through adjuvant-like signals
[28,29]. Hsps thus have an established place in reg-
ulation of the immune response [30]. Hsps also bind
with other antigenic peptides to form immunostim-
ulatory complexes [31] and interestingly may take
the role of antigenic presentation and processing
inimmunoprotected regions such as the central ner-
vous system [32]. Indeed aberrant self hsp expres-
sion may lead to enhancement/modulation of
autoimmune responses in the context of myelin ba-
sic protein and MHC class Il type interactions [33].

Mammalian DNA normally has lower than pre-
dicted CpG dinucleotide fragments and these are
also usually methylated [34]. These characteristics
differ from bacterial and viral DNA which contains
higher percentages of CpG fragments and these
are more likely to be hypomethylated, providing a
biological ‘friend or foe’ identification system.

Some autoimmune disorders are thought to de-
rive from dysfunction of endogenous DNA through
CpG hypomethylation and subsequent autoreactiv-
ity. Ancient DNA sequences mimicking bacterial
and viral genomes containing higher proportions
of CpG elements have become incorporated into
mammalian DNA as human endogenous retrovirus
(HERV). These genetic components have become
methylated over time making them mostly benign
components of mammalian DNA. However, these
DNA components may undergo hypomethylation
through a range of stimulating factors, making
them able to regulate transcriptional activity and
expression of the HERV family [35] with implica-
tions for a range of pathologies.

Spontaneous hypomethylation of susceptible
endogenous CpG sequences, or exposure to bacte-
rial CpG DNA and subsequent stimulation of cellular
processes may mediate innate and acquired im-
mune pathways including class switching from IgM
to more pathogenic 1gG immunoglobulin types
[36]. IgM and IgG reactivity to key fragments of cer-
tain VNs or related hsps thus might theoretically
occur. Such postulated mechanisms could establish
perverse autoreactive loss of immunological toler-
ance and effectively create immunisation against
these VNs. The known susceptibility of CpG frag-
ments to hypomethylation from toxic causes such
as biological poisons and radiation might predis-
pose to the development of these and other pathol-
ogies [37,38]. These postulated mechanisms might
also link fatigue-related VN autoimmune disorders
to exposure to radiological, biological and chemi-
cal warfare agents.
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