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Summary Immune privilege is a physiologic mechanism within the eye which protects it against pathogens, while also
protecting it from inflammation. Immunological mechanisms in the eye must be tightly regulated to ensure externally
mediated injury and infection or internally mediated autoimmunity do not exceed self-defence tolerance. Vasoactive
neuropeptides (VNs) including vasoactive intestinal peptide (VIP) and pituitary adenylate cyclase polypeptide (PACAP)
and their receptors exist in the mammalian eye including the sclera, cornea, iris, ciliary body, ciliary process and the
retina and may have a role in protecting these normally immune privileged sites. VN receptors are class II G protein-
coupled receptors (GPCRs) which couple primarily to the adenylate cyclase (AC)-cyclic AMP pathway.

A sound blood supply is essential for retinal survival hence vascular compromise will have serious consequences.
Retinal vasculitis is a potentially blinding condition with a strong association with systemic inflammatory diseases.
Compromise of the endothelial barriers and the blood retina barrier (BRB) may instigate inflammatory responses setting
up a chain of events involving VNs in a manner which provokes autoimmunity to them. Protection from BRB breakdown
may be linked to nitric oxide (NO) effects and actions of phosphodiesterase inhibitors and cAMP production. Induced
NO expressed under influences of inflammatory mediators evokes neurodegeneration and cell apoptosis and may lead
to serious ocular disease including retinal injury. Other inflammatory mediators also play a role in retinal pathology.

PACAP and glutamate are co-stored in the retinohypothalamic tract and PACAP attenuates glutamate induced
neurotoxicity in cultured retinal neurons suggesting that compromise of this VN would have significant detrimental
impact on retinal viability though glutamate toxicity. Additional effects of VN compromise would possibly occur
through unopposed vasoconstriction and inflammation. Proof of this hypothesis has important implications for
treatment and prevention of autoimmune retinopathy and blindness as a number of therapeutic pathways may be
opened. Importantly for therapeutic contexts cAMP effects are maintained by phosphodiesterase (PDE) inhibitors
which could be used in VN autoimmune disorders. A compelling case may exist to undertake a therapeutic trial of VN
replacement, PDE inhibitors and other agents in autoimmune retinopathies resulting from possible VN autoimmunity.
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Background

Vasoactive neuropeptides (VNs) including vasoac-
tive intestinal peptide (VIP) and pituitary adenylate
cyclase polypeptide (PACAP) and their receptors ex-
ist in the mammalian eye including the sclera,
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cornea, iris, ciliary body, ciliary process and the ret-
ina [1,2]. VNs influence regulatory T cells and are
important in maintaining immunological homeosta-
sis [3]. They have significant anti-inflammatory and
anti-apoptotic roles particularly in immune privi-
leged sites including the eye. They are potent vaso-
dilators and are essential for the maintenance of
blood supply. VN receptors are class II G protein-
coupled receptors (GPCRs) which couple primarily
to the adenylate cyclase (AC)-cyclic AMP (cAMP)
pathway [4] and are present in the retina of different
mammalian species [5]. VNs activate AC and have a
key role in converting ATP to cAMP, hence setting
balance levels for ATP and cAMP. Importantly, ATP
is critical for cell survival and cAMPhas a central role
in neurological metabolism including influencing
blood–brain barrier permeability, coordination of
neuroregulatory pathways, and protecting against
neuronal apoptosis.

Autoimmunity affecting VNs has been postulated
as contributing to certain fatigue-related conditions
in humans [6]. This hypothesis was suggested to ac-
count for themulti-faceted and confusing symptom-
atology of some fatigue-related conditions e.g.
chronic fatigue syndrome/myalgic encephalomyeli-
tis (CFS/ME) and fibromyalgia (FM). The constella-
tion of symptoms associated with these conditions
is consistent with compromise of receptors associ-
ated with VIP and PACAP. This present paper exam-
ines the hypothesis that these VNs may also have a
role in autoimmune retinal disease.
Autoimmunity and retinal pathology

Immune privilege of the internal compartments of
the eye is a physiologic mechanism which protects
the eye against pathogens, while protecting the vi-
sual axis from the sight destroying potential of
immunogenic inflammation [7]. Immunological
mechanisms in the eye must be tightly regulated
to ensure externally mediated injury and infection
or internally mediated autoimmunity do not ex-
ceed self-defence tolerance. Autoimmunity as a
cause of retinal pathology has been postulated in
patients with peripheral vitreo-chorioretinal dys-
trophies (PVCRD). Self-antibodies were detected
in 70% of these cases, although in no cases were
circulating immune complexes detected in the
blood suggesting that pathology was due to local
effects only [8].

Retinal pathologymay bemediated through auto-
antibody-induced apoptosis associated with retinal
proteins [9]. Anti-recoverin antibodies are cytotoxic
to retinal cells and induce apoptotic death of retinal
photoreceptor cells which leads to the degeneration
of the photoreceptor layer and cell death.
Antibodies with other retinal specificities induce
their target retinal cell death by activating a
caspase 3-dependent apoptotic pathway. Thus
autoantibody-induced apoptosis may be a common
pathway that leads to retinal death and blindness.
Autoimmunity to recoverin has also been suggested
in some cases with systemic malignancy [10].

Retinal degeneration is associated with corona-
virus infection in murine models and is accompa-
nied by retinal vasculitis and antiretinal
antibodies [11] suggesting a role for autoimmunity
in the pathogenesis of murine coronavirus induced
retinal degeneration. This murine model of retinal
degeneration is associated with autoimmune reac-
tivity and breakdown of the blood–retinal barrier
[12]. This finding may be a cardinal feature of
postulated VN autoimmune disorders in humans
because of the critical role of cyclic AMP in main-
taining endothelial integrity in blood–brain barrier
(BBB) and blood–retinal barrier (BRB) settings. A
sound blood supply is essential for retinal survival
and its compromise will have serious consequences
[13]. Retinal vasculitis is a potentially blinding con-
dition with a strong association with systemic
inflammatory diseases. Noninfective retinal vascu-
litis is likely to be an autoimmune condition
although preceding infection and cross reaction
to putative autoantigens is suggested [14]. Com-
promise of the endothelial barriers and the BRB
may instigate inflammatory responses setting up a
chain of events involving VNs in a manner which
provokes autoimmunity to them.

Protection from BRB and BBB breakdown may be
linked to nitric oxide (NO) effects and actions of
phosphodiesterase inhibitors [15] and cAMP pro-
duction. However, contradictory findings have
been reported [16]. Ocular blood flow is regulated
by NO derived from the endothelium and efferent
nitrergic neurons. However, induced NO expressed
under influences of inflammatory mediators evokes
neurodegeneration and cell apoptosis and may lead
to serious ocular disease including retinal injury
[17]. Other inflammatory mediators also play a role
in retinal pathology [18]. Moreover, PACAP and glu-
tamate are co-stored in the retinohypothalamic
tract [19] and PACAP attenuates glutamate induced
neurotoxicity in cultured retinal neurons [20] sug-
gesting that compromise of this VN would have sig-
nificant detrimental impact on retinal viability
though glutamate toxicity. Additional effects of
VN compromise would possibly occur through unop-
posed vasoconstriction and inflammation.

Research data exist on experimental autoim-
mune conditions such as experimental autoimmune
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encephalomyelitis (EAE) and experimental autoim-
mune uveoretinitis (EAU) as models for human
autoimmune disorders [21,22]. Importantly, regu-
latory T cells suppress EAU [23] and VIP generates
regulatory T cells in EAE [24] suggesting that VNs
may have an important role in therapies. While a
role for VIP in the treatment of EAU has not been
established [25] some supportive evidence is
encouraging [26,27]. Nevertheless, the question
to be posed is could autoimmune or other dysfunc-
tion of VNs contribute to retinal disease by failing
to provide proper immune regulation?
Postulated vasoactive neuropeptide
autoimmunity in retinal disease

Why VNs should participate in induction of autoim-
munity, not just protecting from it, is unclear given
their key role usually in protecting physiological
systems from infection and inflammatory re-
sponses. Promoter regions of some VN receptor
genes have CpG fragments which might promote
autoimmunity if exposed to apoptotic or necrotic
circumstances and become recognised by the im-
mune system as foreign immune complexes [28].
Also as their receptors are members of the GPCR
family they may be susceptible to autoimmunity
as are other members of the GPCR family [29].

The hypothesis that VN autoimmunity causes ret-
inal disease requires definitive evidence. However,
there may be an association between retinal pathol-
ogy and postulated VN fatigue-related conditions.
Some limited evidence exists that retinal disease oc-
curs in patients with CFS/ME [30]. Evidence is now
also available that abnormalities in VN receptor
genes cause immunological disturbance in T cells
of patients with multiple sclerosis MS resulting in
Th1 skewed profiles and consequent pathology
[31]. This latter finding provides support for the case
that VN disturbance does have demonstrable effects
on downstream immunological function.

Proof of this hypothesis has important implica-
tions for treatment and prevention of autoimmune
retinopathy and blindness as a number of therapeu-
tic pathways may be opened. Importantly for ther-
apeutic contexts cAMP effects are maintained by
phosphodiesterase (PDE) inhibitors which could be
used in VN autoimmune disorders. PDE inhibitors
have subsets which are highly specific and may con-
stitute appropriately targeted interventions in
cAMP disorders [32–34]. A case may exist to under-
take a therapeutic trial of VN replacement, PDE
inhibitors and other agents in autoimmune retino-
pathies resulting from possible VN autoimmunity.
Conclusion

Autoimmunity of VNs is not yet proven although
evidence now exists implicating VNs in human auto-
immune disorders such as MS. VNs not only protect
against retinal pathology, but may themselves un-
dergo autoimmune disruption to affect normally
immune privileged regions of the eye. An associa-
tion of VN autoimmunity with retinopathy in hu-
mans should be investigated as preventive and
treatment opportunities may already exist. Clinical
trials for VN replacement, PDE inhibitors and other
interventions may then be considered for the treat-
ment of autoimmune eye conditions and poten-
tially the prevention of blindness in them.
References

[1] Tervo T, Tervo K, Eranko L. Ocular neuropeptides. Med Biol
1982;60(2):53–60.

[2] Nillson SF, De Neef P, Robberecht P, Christophe J.
Characterization of ocular receptors for pituitary adenylate
cyclase activating polypeptide (PACAP) and their coupling
to adenylate cyclase. Exp Eye Res 1994;58(4):459–67.

[3] Gonzalez-Rey E, Chorny A, Fernandez-Martin A, Ganea D,
Delgado M. Vasoactive intestinal peptide generates human
tolerogenic dendritic cells that induce CD4 and CD8
regulatory T cells. Blood 2006;107(9):3632–8.

[4] Martin B, Lopez de Maturana R, Brenneman R, Walent T,
Mattson MP, Maudsley S. Class II G protein-coupled recep-
tors and their ligands in neuronal function and protection.
Neuromol Med 2005;7(1–2):3–36.

[5] Onali P, Olianas MC. PACAP is a potent and highly effective
stimulator of adenylyl cyclase activity in the retinas of
different mammalian species. Brain Res 1994;641(1):
132–4.

[6] Staines DR. Postulated vasoactive neuropeptide autoimmu-
nity in fatigue-related conditions: a brief review and
hypothesis. Clin Dev Immunol 2006;13(1):25–39.

[7] Streilein JW, Ohta K, Mo JS, Taylor AW. Ocular immune
privilege and the impact of intraocular inflammation. DNA
Cell Biol 2002;21(5–6):453–9.

[8] Balashova LM, Saskonova EO, Zaitseva NS, Slepova OS,
Teplinskaia LE, Il’nitskii V V, et al. Role of immunological
factors in peripheral vitreo-chorioretinal dystrophies and
macular ruptures of the retina. Vestn Oftalmol
1995;111(1):16–8.

[9] Adamus G. Autoantibody-induced apoptosis as a possible
mechanism of autoimmune retinopathy. Autoimmun Rev
2003;2(2):63–8.

[10] Heckenlively JR, Fawzi AA, Oversier J, Jordan BL, Aptsiauri
N. Autoimmune retinopathy: patients with antirecoverin
immunoreactivity and panretinal degeneration. Arch Oph-
thalmol 2000;118(11):1525–33.

[11] Hooks JJ, Percopo C, Wang Y, Detrick B. Retina and retinal
pigment epithelial cell autoantibodies are produced during
murine coronavirus retinopathy. J Immunol 1993;151(6):
3381–9.

[12] Vinores SA, Wang Y, Vinores MA, Derevjanik NL, Shi A, Klein
DA, et al. Blood–retinal barrier breakdown in experimen-
tal coronavirus retinopathy: association with viral antigen,



140 Staines
inflammation, and VEGF in sensitive and resistant strains. J
Neuroimmunol 2002;119(2):175–82.

[13] Zheng L, Gong B, Hatala DA, Kern TS. Retinal ischemia and
reperfusion causes capillary degeneration: similarities to
diabetes. Invest Ophthalmol Vis Sci 2007;48(1):361–7.

[14] Hughes EH, Dick AD. The pathology and pathogenesis of
retinal vasculitis. Neuropathol Appl Neurobiol 2003;29(4):
325–40.

[15] Yoshikawa M, Suzumura A, Ito A, Tamaru T, Takayanagi T.
Effect of phosphodiesterase inhibitors on nitric oxide
production by glial cells. Tohoku J Exp Med 2002;196(3):
167–77.

[16] Sen HA, Campochiaro PA. Stimulation of cyclic adenosine
monophosphate accumulation causes breakdown of the
blood–retinal barrier. Invest Ophthalmol Vis Sci
1991;32(7):2006–10.

[17] Toda N, Nakanishi-Toda M. Nitric oxide: ocular blood flow,
glaucoma, and diabetic retinopathy. Prog Retin Eye Res
2007;26(3):205–38.

[18] Forrester JV. Intermediate and posterior uveitis. Chem
Immunol Allergy 2007;92:228–43.

[19] Hannibal J, Moller M, Ottersen OP, Fahrenkrug J. PACAP
and glutamate are co-stored in the retinohypothalamic
tract. J Comp Neurol 2000;418(2):147–55.

[20] Shoge K, Mishima HK, Saitoh T, isihara K, Tamura Y, Shiomi
H, et al. Attenuation by PACAP of glutamate-induced
neurotoxicity in cultured retinal neurons. Brain Res
1999;839(1):66–73.

[21] Gold R, Linington C, Lassman H. Understanding pathogen-
esis and therapy of multiple sclerosis via animal models: 70
years of merits and culprits in experimental autoimmune
encephalomyelitis research. Brain 2006;129(Part 8):
1953–71.

[22] Adamus G, Chan CC. Experimental autoimmune uveitides:
multiple antigens, diverse diseases. Int Rev Immunol
2002;21(2–3):209–29.

[23] Keino H, Takeuchi M, Usui Y, Hattori T, Yamakawa N,
Kezuka T, et al. Supplementation of CD4+CD25+ regulatory
cells suppresses experimental autoimmune uveoretinitis.
Brit J Ophthalmol 2007;91(1):105–10.
[24] Chorny A, Gonzalez-Rey E, Ganea D, Delgado M. Vasoactive
intestinal peptide generates CD4+CD25+ regulatory T cells
in vivo: therapeutic applications in autoimmunity and
transplantation. Ann N Y Acad Sci 2006;1070:190–5.

[25] Chen J, Vistica B, Wiggert B, Chan CC, Gery I. The
immunomodulator vasoactive intestinal peptide (VIP) does
not affect experimental autoimmune uveitis (EAU) in
B10.R111 mice. Ocul Immunol Onflamm 2005;13(1):13–7.

[26] Usui M. Translational research with experimental autoim-
mune uveoretinitis (EAU). Nippon Ganka Gakkai Zasshi
2007;111(3):137–58.

[27] Keino H, Kezuka T, Takeuchi M, Yamakawa N, Hattori T,
Usui M. Prevention of experimental autoimmune uveoret-
initis by vasoactive intestinal peptide. Arch Ophthalmol
2004;122(8):1179–84.

[28] Staines DR. Do cytosine guanine dinucleotide (CpG) frag-
ments induce vasoactive neuropeptide mediated fatigue-
related autoimmune disorders? Med Hypotheses 2005(65):
370–3.

[29] Staines DR. Are vasoactive neuropeptide autoimmune
fatigue-related disorders mediated via G protein-coupled
receptors? Med Hypotheses 2005(65):29–31.

[30] Frolov VM, Petrunia AM. Pathology of the organ of vision in
chronic fatigue syndrome. Vestn Oftalmol 2003;119(2):
45–7.

[31] Sun W, Hong J, Zang YC, Liu X, Zhang JZ. Altered expression
of vasoactive intestinal peptide receptors in T lymphocytes
and aberrant Th1 immunity in multiple sclerosis. Int
Immunol 2006;18(12):1691–700.

[32] Skalhegg BS, Funderud A, Henanger HH, Hafte TT, Larsen
AC, Kvissel AK, et al. Protein kinase A (PKA) – a potential
target for therapeutic intervention of dysfunctional
immune cells. Curr Drug Targets 2005;6(6):655–64.

[33] Staines DR. Therapeutic and preventive interventions for
postulated vasoactive neuropeptide autoimmune fatigue-
related disorders. Med Hypotheses 2005;65(4):797–803.

[34] Staines DR. Phosphodiesterase inhibitors may be indicated
in the treatment of postulated vasoactive neuropeptide
autoimmune fatigue-related disorders. Med Hypotheses
2006;66(1):203–4.
Available online at www.sciencedirect.com


	Does autoimmunity of endogenous vasoactive neuropeptides cause retinopathy in humans?
	Background
	Autoimmunity and retinal pathology
	Postulated vasoactive neuropeptide autoimmunity in retinal disease
	Conclusion
	References


