NEUROPEPTIDES FOR ANTI-AGING
Neuronal Control of Skin Function: The Skin as a Neuroimmunoendocrine Organ
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The skin as a neuroimmunoendocrine organ.
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The neurophysiological characteristics of sensory nerves
in the skin
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Mediators and sensitization pattern of nociceptive and
pruriceptive neurons in the skin.
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Sensitizing and activating mediators in the skin target receptors on primary afferent nerve fibers
that are involved in itch and pain processing. During inflammation, mechanoinsensitive
"sleeping" nociceptors and itch histamine-sensitive mechanoinsensitive puriceptors and
mechanosensitive puriceptors transmit the response to the spinal cord. In the spinal cord noxious
input can induce central sensitization for pain, and puriceptive input can provoke central
sensitization for itch. Via the contralateral tractus spinothalamicus, the stimuli from primary
afferent sensory nerves will be transmitted to specific areas in the CNS
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The skin as a neuroimmunoendocrine organ.
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Modern aspects of cutaneous neurogenic inflammation.
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Enkephalins

The endogenous opioid peptides [Met]-enkephalin and
[Leu]-enkephalin are known to suppress a number of elements of the
immune response, including antimicrobial resistance, antibody
production, and delayed-type hypersensitivity. In the skin, application
of [Met]-enkephalin induced a flare reaction, reducible by pretreatment
with antihistamine, suggesting both histamine and
histamine-independent involvement of enkephalins in neurogenic
inflammation. [Met]-enkephalin induced infiltration of dermal
lymphocytes, monocytes, and macrophages, and enkephalins protect
against tissue damage caused by hypoxia and inhibit differentiation
and proliferation of keratinocytes. Increased amounts of enkephalins
were reported in the lesional skin of psoriasis patients. Enhanced levels
of enkephalins are reduced in parallel with the clinical improvement
induced by a topical vitamin D analog and a corticosteroid. Thus
because enkephalins can modulate epidermal differentiation and
inflammatory processes, these findings indicate that enkephalins may
play a role in the pathogenesis of psoriasis.
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Dynorphin
Dynorphin, an opioid neuropeptide found in the central and peripheral nervous systems, is a
neurotransmitter as well as an immunomodulatory molecule. The presence of Tyr-Gly-Gly-Phe-Leu
(Leu-enkephalin) in the first five residues of dynorphin A, for example, categorizes the peptide as
an endogenous ligand for opioid receptors. Kappa opioid peptide (KOP) receptor activation
accounts for many of the biological activities of dynorphin. First identified for its role in
nociception, dynorphin has since been shown to be involved in a range of central nervous
functions, including mood, motor activity, homeostatic response to injury, and seizures. Further
animal studies have shown that peptides derived from the gene encoding for preprodynorphin,
dynorphin A, dynorphin B, and α-neoendorphin, are important neuromodulators.
Initial interest in the tridecapeptide dynorphin was fueled by the hope of developing
anti-withdrawal agents for opiate-addicted patients. However, studies in humans failed to meet
these demands, probably due to dynorphin's short duration of action.
In the skin, studies on dynorphin-mediated effects primarily focused on the role of nociception
and modulation of hyperalgesia in the inflamed tissue. Immunohistochemical studies in animals
revealed the presence of dynorphin A predominantly in sympathetic axons innervating the
cutaneous venous bed, but also in sensory nerve fibers, Merkel cells, and immune cells within the
inflamed tissue. The discovery of inhibited nociception during inflammation by endogenous
opioids increased interest in this neuromodulatory peptide. Leukotriene A4 hydroxylase was
shown to lose its aminopeptidase activity in the presence of the dynorphin fragment-(1—7) and
may thereby support the maintenance of inflammation in psoriasis and atopic dermatitis.
Although therapeutic applications of dynorphin during inflammation, pain, and pruritus are still
dreams of the future, effects of dynorphin on keratinocyte migration in wound healing might be a
promising target. With respect to this fact, an important issue in the future will be to better
characterize the role of dynorphin in cutaneous cells and certainly the distribution and regulation
of its receptor, the κ-opioid receptor.
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Anti-inflammatory role of acetylcholine in macrophage
regulation and skin function.
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During inflammation, tissue injury, or immune challenge, activated macrophages and
other immune cells that express ACh receptors may be activated by ACh (see text for
details). In the skin, ACh can be released by the efferent autonomic nervous system
and by keratinocytes, for example. This stimulation leads to down regulation of TNF-α
release and NFκB activation, thereby modulating immune responses in the skin.
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How proteases talk to sensory nerves in the skin.
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1) Tryptase released from degranulated mast cells activates protease-activated receptor 2 (PAR2) at the plasma
membrane of sensory nerve endings. 2) Activation of PAR2 by tryptase, trypsins, kallikreins, or probably exogenous
proteinases (bacteria, house-dust mite) stimulates the release of calcitonin gene-related peptide and tachykinins,
e.g., substance P from sensory nerve endings. 3) CGRP interacts with the CGRP1 receptor to induce arteriolar
dilation and hyperemia. 4) SP interacts with the neurokinin-1 receptor (NK1R) on endothelial cells of postcapillary
venules to cause gap formation and plasma extravasation. Hyperemia and plasma extravasation cause edema
during inflammation. 5) SP may stimulate degranulation of mast cells, providing a positive feedback mechanism. 6)
Tryptase degrades CGRP and terminates its effects. 7) CGRP inhibits SP degradation by neutral endopeptidase and
also enhances SP release, thereby amplifying the effects. 8) Mediators from mast cells and other inflammatory cells
stimulate the release of vasoactive peptides from sensory nerves and also sensitize nerves. 9) At the spinal cord
level, PAR2-induced intracellular Ca2+ mobilization leads to release of CGRP (and SP) from central nerve endings,
thereby activating CGRP receptor and NK1R to transit itch responses to the central nervous system. 10) During
inflammation, PAR2 may be peripherally transported, thereby increasing receptor density and stimulation.
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Intracellular trafficking of a neuropeptide receptor
(exemplified by neurokinin-1 receptor) and associated
proteins in various cells and nerves.
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Wound Healing
There is increasing evidence that the skin-nervous system may play an important
role in mediating normal
wound healing. Released neuropeptides may participate in many of the inflammatory
processes that are crucial for normal wound healing, such as cell proliferation,
cytokine and growth factor production, and neovascularization. Several clinical
observations indicate that damage to the peripheral nervous system influences
wound healing, resulting in chronic wounds within the affected area. Delayed wound
healing occurred in animal models after surgical resection of cutaneous nerves.
In addition, patients with cutaneous sensory defects due to lepromatous leprosy,
spinal cord injury, and diabetic neuropathy develop ulcers that fail to heal, in spite of
aggressive wound care and wound protection. Furthermore, destruction of the
ophthalmic branch of the trigeminal nerve results in atrophy, scarring, and ulceration
of the cornea.
Experimental observations further suggest that neurogenic stimuli profoundly affect
wound repair after injury.
First, peptides released from sensory nerve fibers during initial stages evoke vascular
responses such as blood flow, vascular permeability, vasomotor activity, or
neovascularization.
Second, neuropeptides released into the environment of tissue damage affect the
regulated inflammatory response within the tissue through immunomodulation of
several skin cells and recruited immune cells.
Third, neuropeptides influence both proliferation and differentiation of various target
cells that are involved
in16
wound healing. Both in rat and pig models, injury induces a reversible sprouting of

