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Neuropeptideos na pele
Neuropeptides in the skin

Pedro Kalil-Gaspar'

Resumo: H4 evidéncias crescentes de que a inervacao cutinea é capaz de modular uma variedade de fendmenos
cutaneos agudos e cronicos, interagindo com as células da pele e seus componentes imunes. Essa forma de sinal-
izagdo local entre tecido nervoso e tecido cutineo ocorre especialmente por meio dos neuropeptideos, uma
numerosa familia de neurotransmissores de natureza quimica comum e nomenclatura heterogénea presentes
em todo o sistema nervoso e secretados pelas fibras nervosas cutineas. Sao alvo desta revisao os neuropeptideos
substincia P (SP), o peptideo relacionado ao gene da calcitonina (CGRP), o peptideo vasoativo intestinal (VIP), o
peptideo ativador da adenilato-ciclase pituitria (PACAP), 0 neuropeptideo Y (NPY) e a somatostatina (SOM). Serao
discutidas suas agoes sobre as células da pele e sistema imune, bem como estudos recentes que sugerem a par-
ticipacdo dos neuropeptideos nas respostas inflamatérias cutineas, nas reagoes de hipersensibilidade e em der-
matoses humanas, notadamente na psoriase, dermatite atopica, hanseniase e alopecia.

Palavras-chave: alopecia; dermatite atdpica; fatores de crescimento neural; hanseniase; hipersensibilidade; neu-
ropeptideos; pele; psoriase.

Summary: There is increasing evidence that cutaneous nerve fibers play a modulatory role in a variety of acute
and chronic skin processes. Local interactions between skin cells, skin immune components and neuronal tis
sues occur specially through neuropeptides, a large family of chemically-related neurotransmitters exhibiting a
beterogeneous nomenclature. Neuropeptides are ubiquitous in central and peripberal nervous systems, being
directly released in skin by cutaneous nerve fibers. This review is focused on the actions of substance P (SP), cal-
citonin gene-related peptide (CGRP), vasointestinal peptide (VIP), pituitary adenylate cyclase-activating polypep-
tide (PACAP), neuropeptide Y (NPY) and somatostatin §OM). Neuropeptide-related functions on skin and
immune cells are also discussed, as well as recent findings implicating nerve fibers in cutaneous inflammatory
responses, hypersensitivity reactions and dermatoses, namely psoriasis, atopic dermatitis, leprosy and alopecia.
Key words: alopecia; dermatitis, atopic; nerve growth factors; leprosy; bypersensitivity; neuropeptides; skin;

psoriasis.

INTRODUCAO

As vias de interac8o entre as células imunes e as
células da pele constituem base tedrica comum na derma-
tologia moderna. A proposta desta revisao é abordar estu
dos que mostram que a inervagéo da pele possui um varia-
do repertdrio de sinalizag&o local com o tecido cuténeo e as
células imunes, revelando fungdes que excedem seu histé-
rico papel sensorial e complementam o conhecimento atual
dafisiologia cutanea e etiopatogenia das doengas dermato-
I6gicas. A concepgdo de quefibras nervosas cuténeas, célu-
las imunes e células da pele possuem formas de interagao
reciprocas compde o que alguns autores tém denominado
sistema neuroi munocutaneo.
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INTRODUCTION

A common basic theory in modern dermatology relates
to the interaction between immune cells and the cells of the
skin. The purpose of this revision was to bring together those
studies that show that cutaneous nerve fibers of the skin pos-
sess a varied repertoire of local signaling between cutaneous
tissue and immune cells, revealing functions that far exceed the
historic sensory role. These findings complement the current
knowledge of cutaneous physiology and etiopathology of der-
matological diseases. The conception that cutaneous nerve
fibers, immune cells and cells of the skin possess forms of reci-
procal interaction comprises what some authors have denomi-
nated the neuroimmunocutaneous system.
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A PELE DENERVADA

As fibras nervosas sensoriais e autondmicas da pele
demonstram possuir propriedades modulatérias tréficas e
imunes. Estudos mostram que as células da pele dependem
continuamente de uma inervagdo intacta e que a regido
cutanea que sofreu denervacdo apresenta alteracGes morfo-
I6gicas e adaptativas importantes, que se revertem com a
reinervacdo. Em periodo varidvel de 24 a 48 horas apds sec-
¢do do nervo cidtico em animais experimentais, as fibras
nervosas da epiderme da pataipsilateral degeneram e desa-
parecem. Durante esse periodo, hd uma reducdo drastica da
proliferacdo de ceratinécitos, que culmina na reducdo da
espessura da epiderme em cerca de 30% no prazo médio de
sete dias, em comparagdo ao lado contralateral. Na pele
denervada, células de Langerhans passam a expressar um
marcador antes especifico de células nervosas, a ubiquitina-
hidrolase PGP9.5 (protein gene product 9.5). Tais alteragtes
mantém-se até aregeneracdo das fibras, quando a pele recu-
pera sua espessura original, e a expressdo de PGP9.5 em
células de Langerhans desaparece.*?

O significado da expressdo do marcador PGP9.5 em
células de Langerhans permanece incerto. Por sua vez, as
alteracbes na inervagdo sio capazes de afetar de modo
semelhante a capacidade de regeneracdo e cicatrizagdo. A
resseccdo cirdrgica de nervos cuténeos resulta em atraso no
tempo de cicatrizagdo e na contracdo das feridas.®* Isso é
confirmado pelo fato de pacientes com déficits sensoriais
devidos alesfo hansénica, lesio de medulaespinhal ou new-
ropatia diabética desenvolverem Ulceras que falham em
cicatrizar, por vezes, a despeito de esforcos radicais de pro-
tecdo e curativos.® A capacidade de responder a agressao
externa também diminui, pois modelos experimentais
demonstram diminuicdo significativa das contagens de
células T e macré6fagos em feridas na pele denervada.® A
comunicagdo entre ambos os tecidos, cutdneo e nervoso,
também parece possuir mecanismos compensatorios.
Resultados em animais mostram que, conquanto a pele ndo
seja completamente denervada, apenas uma pequena fracéo
das fibras C cutaneas, de cerca de 30%, j& é suficiente para
garantir a cicatrizagdo normal das feridas experimentais.”

A INFLAMACAO NEUROGENICA

A expressdo inflamagdo neurogénica® descreve, na
pele, um fendmeno de vasodilatacdo arteriolar originado
pelas fibras nervosas locais, com aumento do fluxo sangui-
neo e consequiente edema por extravasamento de plasma da
vénula pods-capilar. Quando bem localizado, o evento traduz-
se na formacdo de uma papula com eritema. Essa reacao,
gue nalinguainglesa é denominada wheal and flare (wheal
= pépulaurticariang; flare = eritema caracteristico, que pode
acompanhé-la ou ndo), ocorre pela presenca local de neuro-
peptideos, que sdo liberados por duas subpopulacfes de
fibras nervosas cutaneas, assim chamadas peptidérgicas. as
fibras do tipo C (aferentes ndo mielinizados ou nociceptores
polimodais C) e, em menor quantidade, as fibras A-delta
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DENERVATED SKIN

Sensory and autonomous nerve fibers of the skin
have been demonstrated to possess trophic and immune
modulatory properties. Studies show that the cells of the
skin continually depend on the nerve fibers being intact and
that a cutaneous area that has suffered denervation presents
morphologic alterations and important adaptations that are
only reversed with renervation. In a variable period of 24 to
48 hours after section of the sciatic nerve in experimental
animals, the nerve fibers of the epidermis of the ipsilateral
paw deteriorate and disappear. During this period, there is
a drastic reduction in the proliferation of keratinocytes,
which culminates in the reduction of the thickness of the
epidermis by about 30% within a mean period of seven
days, in comparison with the contralateral side. In dener-
vated skin, Langerhans' cells begin to express a marker
which hitherto was specific to the nerve cells, this is ubi-
quitin-hydrolase PGP9.5 (protein gene product 9.5). Such
alterations remain until the regeneration of fibers occurs,
following which the skin recovers its original thickness, and
the expression of PGP9.5 in Langerhans' cells disappears.’”?

The significance of the expression of the PGP9.5
marker in Langerhans' cells remains uncertain. At the same
time it is known that alterations in the nerve fibers in a simi-
lar way are capable of affecting the capacity for regeneration
and cicatrization. Surgical resection of cutaneous nerves
results in a delay in cicatrization and in the contraction of the
wounds.* This is confirmed by the fact that patients with sen-
sory deficits due to leprous lesions, lesion of the spinal
medulla or diabetic neuropathy develop ulcers that fail to
heal, at times in spite of radical efforts to protect and to cure.”
The capacity to respond to external aggression also decrea-
ses. As experimental models have demonstrated, there is a
significant decrease in the T cell count and macrophages in
wounds with denervated skin.® The communication between
cutaneous tissue and nerve fibers also seems to possess com-
pensatory mechanisms. Results in animal experiments have
shown that if the skin is not completely denervated, even a
small fraction of cutaneous C fibers, about 30%, is enough to
guarantee a normal cicatrization in experimental wounds.”

NEUROGENIC INFLAMMATION

The expression of neurogenic inflammation8 presents,
in the skin, the phenomenon of arteriolar vasodilatation origi-
nating in the local nerve fibers. There is an increase in the
blood flow and consequent edema caused by the exudation of
plasma from the post-capillary venula. When well established,
the event transforms itself into the formation of a papule with
erythema. This reaction is commonly referred to in English as
"wheal and flare" (wheal = papular uticaria; flare = charac-
teristic erythema, which may or may not accompany it). It
occurs as the result of the local presence of neuropeptides, that
are liberated by two subgroups of cutaneous nerve fibers
known as peptidergic: fibers of type C (nonmyelinated con-
ductors or polymodal nociceptors C) and, to a lesser degree,
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(pequenas fibras mielinizadas). Juntas, elas desempenham as
fungbes autondmicas e de nocicepcdo na pele. Eis por que a
participacéo da inervagdo nos processos cuténeos pode ser
mais bem compreendida nos eventos inflamat6rios agudos,

em que dor e/ou prurido sdo acompanhados de eritema e
edema como sinais e sintomas mais evidentes.

De modo geral, qualquer dano tecidual ou estimulo
doloroso pode desencadear a inflamagdo neurogénica.
Varios eventos sdo capazes de ativar nervos sensoriais ha
pele, incluindo: 1) estimulos diretos, como calor, isguemia,
eventos mecani cos, aumento da concentracdo de ions potés-
sio por lise celular, baixo pH e estimulag@o elétrica; 2)
mediadores inflamatorios liberados no loca ou trazidos a
pele pela circulagdo sistémica, como a histamina, metabdli-
tos do &cido araquiddnico, bradicinina e serotonina; 3) alér-
genos €, 4) extratos de plantas, como a capsaicina, capazes
de ligar-se a receptores especificos nas fibras nervosas e
causar aliberagdo macica de neuropeptideos.

De maneira andloga, pode-se inibir o extravasamen-
to de plasma e vasodilatagdo neurogénicos com diversas
abordagens, como: 1) blogueio da condug&o nervosa (anes-
tésicos locais), estabilizagdo de mastdcitos (com cromogli-
cato de sodio), blogueio de receptores da capsaicina (com
capsazepina), blogueio de canais idnicos (com vermelho de
ruténio); 2) antiinflamatérios esteréides; 3) deplecdo de neu-
rotransmissores (tratamento crénico com capsaicina ou ané
logos); 4) inibigdo pré-sindptica (opidides).®

Eventos agudos ndo excluem, entretanto, crescente
volume de achados que demonstram a contribui¢&o conti-
nua da inervagéo da pele em sua homeostasia e manuten-
Gao, e, em especial, a participacdo de elementos de origem
neural em afeccBes cutaneas, como serd discutido adiante.

OS NEUROPEPTIDEOS
As taquicinas e a substancia P

As taguicininas compdem uma familia de peptideos
gue possuem uma seqiiéncia C-terminal Fe-X-Gli-Leu-MetNH2.
Foram assim denominadas por produzir rapida contragdo de
visceras animais, em oposi¢do a bradicinina, um peptideo de
origem plasmética, que provoca contragdo intestinal de desen-
volvimento lento.® Em mamiferos, o gene prepro-taquicinina
A (PPT-A) codifica, por splicing diferencial, os peptideos subs
tancia P (SP), aneurocinina A (NKA) e suas variantes (NPK e
NP-gama). Um gene distinto, prepro-taquicinina B @PT-B)
codificaaneurocininaB (NKB)." Existem trés receptoresiden-
tificados, NK-1, NK-2 e NK-3, todos acoplados a proteina G,
cada um com variada distribui¢do entre tecidos e tipos celula-
res. As taquicininas interagem com os trés receptores, porém
com afinidades, mecanismos de sensibilizac&o e dessensibili-
zacdo didintos. > Ja existem vérios agentes farmacol 6gicos
para estudo desses receptores.

A substancia P (SP), o principal membro da familia
das taguicininas e mais importante na pele, € um peptideo de
11 aminoécidos, que recebeu essa denominagdo por parte de
seus descobridores meramente devido & forma como era
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A-delta fibers (small myelinated fibers). Together they carry out
the autonomous functions and nociception in the skin. This
explains why the participation of nerve fibers in the cutaneous
processes can be more clearly understood during acute inflam-
matory events, in that the pain and/or itch accompanying ery-
thema and edema are more evident signs and symptoms.

In general, any tissue damage or painful stimulus
can set loose neurogenic inflammation. There are several
events that are capable of activating the sensory nerves of
the skin, including: 1) direct stimuli, such as heat, ischemia,
mechanical events, increase of the concentration of potassi-
um ions causing cellular lysis, low pH and electrical stimu-
lation; 2) inflammatory mediators released at the locus or
brought to the skin by systemic circulation, such as hista-
mine, metabolites of arachidonic acid, bradykinin and sero-
tonin, 3) allergens and; 4) extracts of plants, such as cap-
saicin, capable of attaching themselves to specific receptors
in nerve fibers causing a massive release of neuropeptides.

1t follows then that the exudation of plasma and neu-
rogenic vasodilatation can be inhibited using various
approaches, such as: 1) blocking of nerve conduction (local
anesthetics), stabilization of mast cells (with sodium chromo-
glycate), blocking of receptors of capsaicin (with cap-
sazepine), blocking of ionic channels (with ruthenium red); 2)
anti-inflammatory steroids; 3) depletion of neurotransmitters
(chronic treatment with capsaicin or similar); 4) pre-synaptic
inhibition (opiates).’

Acute events, however, do not exclude a growing vo-
lume of findings demonstrating the continuous contribution
of nerve fibers of the skin to its homeostasis and mainte-
nance, and, especially, the participation of elements of neu-
ral origin in cutaneous diseases, as will be discussed below.

NEUROPEPTIDES
Tachykinins and substance P

Tachykinins are members of a peptide family that
possess a sequence C-terminal Fe-X-Gli-Leu-MetNH2. They
were thus classified because they produce a rapid contrac-
tion of animal viscera, in contrast to bradykinin, a peptide
of plasmatic origin, that induces a slowly developing intes-
tinal contraction.” In mammals, the gene preprotachykinin
A (PPT-TO) codifies, by differential splicing, the peptides
substance P (SP), neurokinin A (NKA) and their variants
(NP-K and NP-gama). A different gene, prepro-tachykinin B
(PPT-B) codifies neurokinin B (NKB)." Three receptors have
been identified, NK-1, NK-2 and NK-3, all coupled to protein
G, each one with a varied distribution among tissue and
cellular types. The tachykinins interact with the three recep-
tors, however with distinct affinities, sensitization and
desensitization mechanisms."”" There are already several
pharmacological laboratories studying these receptors.

Substance P (SP), the principal member of the family
of tachykinins and the most important one in the skin, is a
peptide of 11 amino acids. It was given the denomination P
by its discoverers as it was extracted in the form of powder."’
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extraida, em p6 (do inglés powder).® A SP estafreqlientement
te presente num mesmo neurdnio com o peptideo relacionado
ao gene da calcitonina (CGRP - ver adiante), e a liberacéo de
SP pode provocar a co-liberagdo de CGRP ou, adicionalmen
te, mais SP.* E um dos mais potentes vasodilatadores conhe-
cidos, sendo 100 vezes superior a histamina em idénticas con
centragdes molares.”® Ela é encontrada nas fibras da derme e
epiderme, gléndulas sudoriparas, em corplsculos de
Meissner, nervos perivasculares e células de Merkel. Pode,
ainda, ser sintetizada em cdulas do sistema imune, como
monacitos, mastdcitos e eosindfilos.*"*® A presenca de SPde
origem neural na pele parece fortemente controlada pela dis-
ponibilidade do fator de crescimento neural (NGF) sintetizado
pelas células da pele, especialmente por ceratindcitos.***

Acreditou-se durante muitos anos que a SP fosse um
potente liberador da histamina e um mediador classico da
nocicepgdo. No entanto, estudos recentes na pele humana
mostram que os efeitos da SP em concentraces fisiol 6gicas
sobre a liberag@o de histamina sdo discutiveis, sendo mais
importantes suas agdes sobre a vasculatura e sobre a respos-
taimune. Além disso, nessas concentragdes, a SP ndo parece
ser capaz de induzir a uma resposta nociceptiva, o que colo-
caem duvida sua capaci dade de estimul agdo de nociceptores,
salvo em condic¢Ges patol 6gicas.? Por suavez, ainjecdo intra:
dérmica de SP induz & formag&o de uma papula e de um hao
de eritema, ambos dose-dependentes e semel hantes aos acha
dos da prova da histamina realizada em pacientes normais. A
SP libera 6xido nitrico de células endoteliais,® e exerce vaso-
dilataco e extravasamento de plasma, especificamente via
ativagdo de receptores NK-12*% A formacdo de péapula a
injecdo intradérmica decorre de efeito direto sobre a vascula
tura. A SP é capaz, ainda, de estimular a proliferacdo de célu-
las de musculatura lisa arterial e de fibroblastos,*?"%? a pro-
liferagdo de células endoteliais e a neovascularizagdo in
vivo .*** Seus efeitos positivos sobre a proliferacéo de cerati-
ndécitos em cultura, entretanto, parecem depender da acdo
indutiva do peptideo vasoativo intestina (VIP).®

Mastdcitos possuem receptores para taquicininas. Em
concentragdes superiores a 10uM, a SP liga-se ao receptor
NK-1 na membrana mastocitéaria,® com liberagéo de histami-
na,* leucotrienos® e TNF-alfa,®® sem afetar, no entanto, sua
producdo de IL-3 ou IL-6. A SP &, ainda, um peptideo noter
velmente proinflamatdrio, podendo influenciar diversas
acles do sistema imune: €ela ativa células endoteliais para
aumentarem a expressdo de VCAM-1, ICAM¥®** e de IL-8,
eregulaparacimaaproducdo de IL-1alfa, IL-1betaelL-8em
ceratinécitos. A injecdo intradérmica de SP induz a infiltra
¢80 de neutrdfilos e eosindfilos via translocagdo de selectina
P e expressdo de ELAM-1 nas células endoteliais** A SP é
quimiotdtica para células T, aumenta a proliferacdo e funcdo
de células T e B,® induz aexpressdo deIL-1 elL-6 por célu-
las T,** aumenta a producgéo de imunoglobulinas'® e a ativi-
dade de células natural-killer*® Ela ativa macréfagos,
aumentando sua producéo deIL-1, IL-6, TNF-alfae PGE2b via
receptor NK-1.*4" Enquanto a captagdo neuronal de NGF pro-
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Substance SP is frequently present in the same neuron with
the calcitonin gene related peptide (CGRP - see below). The
release of SP can provoke the co-release of CGRP or, addi-
tionally, more SP." It is one of the most potent vasodilators
known, being 100 times stronger than histamine in identical
molecular concentrations.” It is found in the fibers of the
dermis and epidermis, sudoriferous glands, in Meissner cor-
puscles, perivascular nerves and Merkel cells. Yet it can be
synthesized in cells of the immune system, as monocytes,
mast cells and eosinophiles."*”"® The presence of SP of neu-
ral origin in the skin seems to be strongly controlled by the
availability of the neural growth factor (NGF) synthesized by
the cells of the skin and especially by keratinocytes.”*"”!

1t was believed for many years that SP was a potent
releaser of histamine and a classic case of the mediation of
nociception. However, recent studies of the human skin show
that the effects of SP in physiologic concentrations on the
releasing of histamine are debatable, with its actions on the
vasculature and on the immune response being more impor-
tant. Besides this, in these concentrations, SP does not seem to
be capable of inducing a nociceptive response, which ques-
tions its capacity for the stimulation of nociceptors, except
under pathological conditions.” But at the same time, an
intracutaneous injection of SP induces the formation of a
papule and of an erythematous halo, both of which are dose-
dependent and similar to the findings in the testing for hista-
mine accomplished with normal patients. SP releases nitric
oxide from endothelial cells,” and causes vasodilatation and
the exudation of plasma, specifically by the activation of NK-
1 receptors.”*** The formation of a papule after an intracuta-
neous injection is the result of a direct effect on the vascula-
ture. In addition SP is capable of stimulating the proliferation
of cells of the smooth arterial musculature and of the fibrob-
lasts, "% the proliferation of endothelial cells and neovas-
cularization in vivo.”"" However, positive effects on the pro-
liferation of keratinocytes in culture seem to depend on the
inductive action of the vasoactive intestinal peptide (VIP).”

Mast cells possess receptors for tachykinins. In con-
centrations above 10uM, SP links to the receptor NK-1 in the
mast cells membrane,” releasing histamine,™ leukotrienes™ and
TNF-alpha,* without affecting, however, its production of IL-3
or IL-6. Even so SP is a notably proinflammatory peptide, able
to influence several actions of the immune system: it activates
endothelial cells so that they increase the expression of VCAM-
1, ICAM”*** and IL-8,” and it up-regulates the production of IL-
1 alpha, IL-1 beta and IL-8 in keratinocytes. An intracutaneous
injection of SP induces the infiltration of neutrophiles and
eosinophiles through the translocation of selectin P and the
expression of ELAM-1 in endothelial cells.** SP is chemotactic
in T cells, it increases the proliferation and function of T and B
cells,” induces the expression of IL-1 and IL-6 by T cells,"**
increases the production of immunoglobulins'® and the activity
of natural-killer cells.” It activates macrophages, increasing
their production of IL-1, IL-6, TNF-alpha and PGE2b through the
NK-1 receptor."™" Although the neuronal reception of NGF pro-
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duzido por células da pele é determinante na sintese de SP,*#
aviainversatambém ocorre, isto €, ainflamagdo neurogéni-
caou apresenca de SP sdo capazes de induzir ao aumento da
concentragdo de NGF na pele, demonstrando uma forma de
comunicagdo tréfica matua, cuja importancia ainda esta
sendo investigada.®

Peptidio relacionado ao gene da calcitonina (CGRP)

O peptideo relacionado ao gene da calcitonina
(CGRP) possui 37 aminoacidos e é codificado pelo mesmo
gene gque o horménio calcitonina, dai seu home: aformacéo
de um ou de outro é tecido-especifica, por splicing diferen-
cial do RNA .*° E o neuropeptideo mais abundante na pele e
pode coexistir num mesmo neurdnio com taquicininas, neu-
ropeptideo Y (NPY - ver adiante) ou com somatostatina
(SOM - ver adiante).*** Esta presente em duas subpopula-
¢Oes de fibras C: uma é SP+, e a outra, SOM+.%* Sua produ-
¢80, assim como a producdo de SP, também é condicionada
a disponibilidade de NGF sintetizado na pele.*** Pode ser
liberado junto com a SP, mas sua agdo é maislenta, progres-
siva e de maior duracdo,® induzindo a uma intensa vasodi-
latacdo em pequenos e grandes vasos.” Sua habilidade para
liberar histamina de mastécitos na pele humana é fraca ou
mesmo nula?* Dois receptores especificos ja foram pro-
postos, CGRP1IR E CGRP2R, ambos acoplados & proteina
G.55®3 O CGRP é encontrado nainervagdo da derme, epi-
derme e glandulas sudoriparas, em corpuUsculos de
Meissner, nervos perivasculares, e células de Merkel 1171852

A infusdo ou injecdo intradérmica de CGRP provo-
cam aformagdo de pépula e eritema, resultantes da vasodi-
latagcdo arteriolar, que ndo envolve extravasamento de pro-
teina e que ocorre mediante mecanismos tanto dependentes
quanto independentes de Oxido nitrico?*%* O CGRP,
mesmo em concentracdes 1.000 vezes maiores do que aque-
las suficientes para provocar vasodilatagdo, ndo € capaz de
estimular respostas de prurido ou dor na pele humana, e sua
funcdo na estimulagdo de nociceptores cuténeos tem sido
guestionada. Em contrapartida, seus efeitos tréficos e imu-
nomodulatérios ja& foram descritos em concentracBes bem
menores do que aquel as necessérias ao efeito de vasodilata-
¢80.> O CGRP é conhecido como proinflamatério e vasodi-
latador, mas, paradoxamente, pode atuar de forma antiin-
flamatéria sobre a resposta imune celular.

Como proinflamatério, ele potencializa a formacéo
de edema induzida por IL-1 e IL-8, aumenta a expressio e
sintese de 1L-8 em células endoteliais¥ é quimiotético para
neutréfilos” e aumenta a translocagédo de selectina P e a
expressdo de ELAM-1.22O CGRP estimula, ainda, a prolife-
racdo de células endoteliais®® e de melanécitos in vitro .
Como antiinflamatério, entretanto, 0 CGRP é capaz de ini-
bir muitas funcdes das células de Langerhans. Usando-se a
linhagem de células de Langerhans XS52, demonstra-se
gue 0 CGRP eleva 0 AMPc e aumenta a sintese e a libera-
¢80 de IL-10 induzidas por lipopolissacarideo bacteriano
(LPS) e GM-CSF (resultando em inibi¢do de B7-2). Nessas
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duced by cells of the skin is a determinant in the synthesis of
SP,”*! the inverse also occurs, that is, the neurogenic inflam-
mation or the presence of SP is capable of inducing an increase
in the concentration of NGF in the skin, demonstrating a form
of mutually trophic communication. The importance of this is
still being investigated.”

Calcitonin gene related peptide (CGRP)

The calcitonin gene related peptide (CGRP) posses-
ses 37 amino acids. It is codified by the same gene as that
of the calcitonin hormone, hence its name. The formation of
the gene or the hormone is tissue-specific, and is due to dif-
ferential splicing of RNA.” It is the most abundant neu-
ropeptide in the skin and can coexist in the same neuron
with tachykinins, neuropeptide Y (NPY - see below) or with
somatostatin (SOM - see below).””"" It is present in two
subgroupings of C fibers: one is SP+, and the other, SOM+.”’
Its production, as in the production of SP, is also conditio-
nal on the availability of NGF synthesized in the skin.”*” The
peptide of calcitonin may be released along with SP, but its
action is slower, steadily progressive and of longer dura-
tion, " inducing an intense vasodilatation both in small and
large blood vessels.” Its capacity for releasing histamine
mast cells in the human skin is weak or even nonexistant.”>*
Two specific receptors have already been proposed,
CGRPIR and CGRP2R, both coupled to the protein G
CGRP is found in the nerve fibers of the dermis, epidermis
and sudoriparous glands, in Meissner corpuscles, perivas-
cular nerves, and Merkel cells.'*""*%

An intradermal infusion or injection of CGRP pro-
vokes the formation of papules and erythema; these are the
results of arteriolar vasodilatation, and do not involve pro -
tein exudation. This occurs by mechanisms which are both
dependent and independent of nitric oxide.””* Even in con-
centrations 1,000 times greater than those sufficient to pro -
voke vasodilatation, CGRP does not stimulate pruritus or
pain responses in human skin and its function in the stimula-
tion of cutaneous nociceptors has been questioned. In com-
pensation, its trophic and immunomodulatory effects have
been described in much smaller concentrations than those
necessary for the vasodilatation effect.” CGRP is known to be
proinflammatory and a vasodilator, but, paradoxically, it can
act in an anti-inflammatory role in cellular immune response.

As a proinflammatory, it promotes the development of
edema induced by IL-1 and IL-8, and increases the expression
and synthesis of IL-8 in endothelial cells.”” It is chemotactic to
neutrophiles,”” and it increases the translocation of selectin P
and the expression of ELAM-1.” CGRP also stimulates the pro -
liferation of endothelial cells”” and of melanocytes in vitro.”
As an anti-inflammatory, however, CGRP is capable of inhibit-
ing many functions of Langerhans' cells. Using the lineage of
XS52 Langerhans' cells, it has been demonstrated that CGRP
elevates AMPc and increases the synthesis and release of IL-10
induced by bacterial lipopolysaccharide (PS) and GM-CSF
(resulting in the inhibition of B7-2). In these cells, it continues
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células, ele ainda suprime aindugéo de IL-12 e IL-1beta por
LPS e GM-CSF .5-62%6aé% Fle também é capaz de inibir sig-
nificativamente ainducéo de hipersensibilidade de contato,
agindo localmente;®* porém o mecanismo de agdo ainda é
pouco compreendido. Ja foi também descrito que o CGRP
inibe a atividade de células natural-killer™ e a proliferacéo
de células T, e diminui sua produgéo de IL-2 e a expressdo
de TNFalfa, TNF-betae IFN-gama.™ O CGRP também é
capaz de blogquear as agdes promotoras de edema da hista-
mina, leucotrieno B4 e serotonina na pele humana. ™

Peptideo vasoativo intestinal (VIP)

O peptideo vasoativo intestinal (VIP) contém 28
aminoécidos e € membro da mesma familia a qual também
pertencem secretina, glucagon, gastrina, polipeptideo ativa-
dor da adenilato-ciclase pituitéria (PACAP - ver adiante) e
peptideo inibidor gastrico. O RNAm preproVIP codifica
ainda o peptideo histidina-metionina (PHM), também pre-
sente na pele, porém de fungBes desconhecidas. Junto com
0 CGRP e PHM, 0 VIP é um dos mais abundantes peptideos
da pele,® coexistindo com a acetilcolina em fibras paras-
simpéticas pés-ganglionares, e sendo encontrado também
no suor.™ Estudos comprovam que aliberacdo de VIP e ace-
tilcolina pode ser independente e condicionada a frequiéncia
de estimulagdo da fibra nervosa.™ Ele esta presente em
grande quantidade no fluido de bolhas espontaneas da pele
inflamada.* O VIP é liberado na inervagdo da derme e epi-
derme, foliculos pilosos, glandulas sudoriparas, células de
Merkel e em nervos perivasculares.**” Mastécitos, leucoci-
tos polimorfonucleares e eosindfilos também sdo fontes de
VIP napele.”® O VIP e o polipeptideo ativador da adenilato-
ciclase pituitaria PACAP - ver adiante) interagem com
Varios receptores em comum, tanto na pele quanto em
outros sistemas, com afinidade variavel.™

A aplicagdo intradérmica de VIP induz a formagéo
de papula via liberagdo de histamina mastocitéria” e vaso-
dilatagdo por relaxamento da musculatura lisa de vasos san-
gliineos.®”™ Mastdcitos respondem ao VIP com rapida libe-
racdo de histamina (independente de IgE), porém minima
liberagdo de PGD2 eleucotrieno C4.°% A papula eritemato-
sa formada ap6s injegéo intradérmica é compardvel aguela
obtida com SP.* Essa injecéo de VIP é capaz de inibir rea-
¢Oes de hipersensibilidade tardia.®™ O VIP esta presente no
epitélio de glandulas sudoriparas, sugerindo-se que estimu-
le diretamente células secretdrias e a secregdo de suor via
AMPc 288 Ele também é capaz de estimular a migragéo e
proliferagdo de ceratindcitos.®®*¥ No sistema imune da
pele, o VIP diminui a producdo de IFN-gama e a atividade
de célulasNK, einibe a proliferacéo de células em linfono-
dos estimulada por antigenos. Outros estudos mostram que
ele é capaz de inibir a producdo de IgA e atuar sobre célu
las de Langerhans, aumentando o AMPc e inibindo a funcéo
apresentadora de antigeno. %%
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to suppress the induction of IL-12 and IL-1 beta by LPS and GM-
CSF, +263546% It is also capable of inhibiting significantly the
onset of contact hypersensitivity by acting locally;”® however
the mechanism by which this is accomplished is still little
understood. Furthermore it has already been described that
CGRP inhibits the activity of natural-killer cells™ and the prolif-
eration of T cells, and reduces their production of IL-2 and the
expression of TNF-alpha, TNF-beta and IFN-gama.” CGRP is
also capable of blocking the actions of histamine, leukotriene
B4 and serotonin that promote edema in human skin.”

Vasoactive intestinal peptide (VIP)

The vasoactive intestinal peptide (VIP) contains 28
amino acids and is a member of the same family to which
also belong: secretin, glucagon, gastrin, polypeptide pitui-
tary adenylate cyclase-activating polypeptide (PACAP - see
below) and gastric inhibiting peptide. The nomenclature
RNAm preproVIP also codifies the peptide histidine-methio-
nine (PHM), also present in the skin, however of unknown
function. Along with CGRP and PHM, VIP is one of the most
abundant peptides of the skin,” coexisting with acetylcholine
in parasympathetic post-ganglion fibers, and also found in
perspiration.” Studies show that the release of VIP and
acetylcholine may occur independently and conditioned by
the frequency of the stimulation of the nervous fiber.” It is
present in large quantities in the fluid of spontaneous blis-
ters on inflamed skin." VIP is released in the nerve fibers of
the dermis and epidermis, hair follicles, sudoriparous
glands, Merkel cells and in perivascular nerves.'*” Mast
cells, polymorphonuclear leukocytes and eosinophiles are
also sources of VIP in the skin."” VIP and the pituitary adeny-
late cyclase-activating polypeptide PACAP - see below)
interact with several receptors in common, in the skin and in
other systems, with variable affinity.”’

Intradermal application of VIP induces the formation
of papules through the releasing of mast cells histamine” and
vasodilatation by relaxation of the smooth musculature of
blood vessels.”” Mast cells respond to VIP with a rapid his-
tamine release (independent of IgE), but with a low release of
PGD2 and leukotriene C4.7% The erythematous papule
formed after intracutaneous injection is comparable to that
obtained with SP.** This injection of VIP is capable of inhibit-
ing late hypersensitivity reactions.’” VIP is present in the
epithelium of sudoriparous glands, suggesting that it stimu-
lates secretory cells and perspiration secretion directly
through AMPc.®%* It is also capable of stimulating the
migration and proliferation of keratinocytes.*** In the
immune system of the skin, VIP reduces the production of
IFN-gama and the activity of NK cells, and inhibits the proli-
feration of cells in lymph nodes stimulated by antigens. Other
studies have shown that it is capable of inhibiting the pro-
duction of IgA and to act on Langerhans' cells, increasing
AMPc and inhibiting the presentation function of antigen.”*¥



Kalil-Gaspar

Polipeptideo ativador da adenilato-ciclase
pituitaria (PACAP)

Peptideo de 27 a 38 aminoécidos pertencente a
mesma familiado VIP, originalmente isolado no hipotdlamo
ovino e caracterizado como potente ativador da adenilato-
ciclase de células cultivadas da hi péfise anterior, participan-
do na regulagdo da producdo e secre¢do de horménios pela
glandula pituitéria, glandulatirebide, trato gastrointestinal e
pancreas, além de indutor de vasodilatagdo endotélio-inde-
pendente. %% O PACAP € liberado na pele pelas fibras C
cuténeas® Como ja citado, vérios receptores interagem
tanto com o PACAP quanto com o VIP, porém o receptor
PACAP possui grande afinidade com o primeiro.”* O PACAP
jafoi demonstrado na pele humana em fibras najuncéo der-
moepidérmica, em foliculos pilosos, vasos e glandulas
sudoriparas. Ele coexiste com o VIP (e ocasionalmente com
neuropeptideo Y) em fibras parassimpéticas, ou com SP e
CGRP em fibras C. Parece presente em pequena quantidade
na pele humana, sendo também encontrado no fluido de
bolhas da pele inflamada.**% A injecdo intradérmica de
PACAP gera eritema progressivo semelhante aguele produ-
zido pelo CGRP® e provoca a liberagdo da histamina de
mastocitos, tanto em animais de laboratério quanto em
humanos, com intensidade semelhante a do VIP.*® A pele
humana mostra-se sitio preferencial de aumento do fluxo
sangiiineo na administragdo sistémica de PACAP.*® Seus
efeitos nas céulas do sistema imune sdo comumente asso-
ciados aqueles do VIP.

Neuropeptideo Y (NPY)

Peptideo de 36 amino&cidos pertencente & mesma
familia do peptideo tirosina-tirosinamida e do polipeptideo
pancreético.®® A maioria dos estudos com NPY até o
momento concentra-se no sistema nervoso central, no qual
ONPY se mostraenvolvido quanto ao estimulo aingestdo de
alimentos e &gua, a regulacdo do humor e ao controle cen-
tral do sistema nervoso autbnomo. Na periferia, 0 NPY esta
envolvido na manutencdo do tono vascular, produzindo
acdo vasoconstritora longa e potente. Possui varios recepto-
resjaisolados, especialmente osreceptoresY1 e Y2, jades-
critos com detalhes e ligados a proteina G.¥ O NPY é libe-
rado na inervacdo da derme e epiderme, foliculos pilosos,
glandulas sudoriparas e por nervos perivasculares.” Ele
coexiste com a noradrenalina em fibras simpaticas e com o
VIP em uma subpopul agdo de fibras parassimpaticas; a libe-
racdo para o NPY é maior em freqUéncias de estimulo altas
e maior para a noradrenalina em fregquéncias de estimulo
baixas. Ele € normalmente considerado um potencializador
dos efeitos da adrenalina e noradrenalina,® modulando a
neurotransmissdo adrenérgica por mecanismo endotélio-
dependente.®

A presenga de NPY causa vasoconstricdo longa e
potente de artérias e arteriolas, mas ndo do sistema veno-
s0.%% Essa vasoconstri¢do nédo é antagonizada por alfa-blo-
queadores,® evidenciando o NPY como provavel responsa-
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Pituitary adenylate cyclase-activating
polypeptide (PACAP)

This peptide having 27 to 38 amino acids belongs to
the same family as VIP. It was originally isolated in the ovine
hypothalamus and characterized as a powerful activator of
adenylate cyclase in the cultivated cells of the anterior
hypophysis. It participates in the regulation of the produc-
tion and secretion of hormones by the pituitary gland, thy-
roid gland, gastrointestinal tract and pancreas, besides
inducing endothelium-independent vasodilatation.”*"**%
PACAP s liberated in the skin by cutaneous C fibers.” As has
already been mentioned, various receptors interact as much
with PACAP as with VIP, however the PACAPI receptor pos-
sesses a strong affinity with the former.” PACAP has been
demonstrated in the human skin in fibers of the dermoepi-
dermal interface, in hair follicles, sudoriparous glands and
blood vessels. It coexists with VIP (and occasionally with
neuropeptide Y) in parasympathetic fibers, or with SP and
CGRP in C fibers. It seems to be present only in small
amounts in the human skin, but is found also in fluid of the
blisters of inflamed skin.”**” An intradermal injection of
PACAP generates a similar progressive erythema to that pro-
duced by CGRP." It provokes the releasing of histamine mast
cells, both in laboratory animals and in humans, with an
intensity similar to that of VIP.* In humans the skin is the
most likely site for an increase of blood flow upon the sys -
temic administration of PACAP.” Its effects on the cells of the
immune system are commonly associated to those of VIP.

Neuropeptide Y (NPY)

Neuropeptide Y (NPY) is a peptide with 36 amino acids
belonging to the same family as the tyrosine-tyrosinamide
peptide and the pancreatic polypeptide.”'® Most of the studies
done on NPY to date have concentrated on the central nervous
system, in which NPY has been shown to be involved in the
stimulation for ingestion of food and water, in the regulation
of the humor and in controlling the center of the autonomic
nervous system. In the periphery, NPY is involved in the main-
tenance of vascular tone, producing a potent, long-term vaso-
constricting action. It possesses several receptors already iso-
lated, especially receptors Y1 and Y2 which have already been
described in detail and linked to protein G.” NPY is released
in the nerve fibers of the dermis and epidermis, hair follicles,
sudoriparous glands and perivascular nerves.” It coexists
with noradrenaline in sympathetic fibers and with VIP in a
subgrouping of parasympathetic fibers. The release of NPY is
greater when stimulated by high frequencies and greater for
noradrenaline when stimulated by low frequencies. NPY is
usually considered a potentiator for the effects of adrenaline
and noradrenaline,” modulating the adrenergic neurotrans-
mission by an endothelium-dependent mechanism.”

The presence of NPY causes long and potent vaso-
constriction of arteries and arterioles, but not of the venous
system.”*® This vasoconstriction is not antagonized by
alpha-blockers,"™ providing evidence that NPY is probably
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vel pelo componente vasoconstritor simpético-resistente a
alfa-bloqueadores.” Estudos mostram que, na pele, quando

em injegdes equimolares com noradrenalina, 0 NPY diminui

a palidez induzida por noradrenalina, sugerindo que certas
acOes dessas duas substancias podem néo ser sinergisticas.*®
A injecdo de NPY é capaz de liberar histamina de mastoci-

t0s,' e o NPY pode ainda ser achado no fluido de bolhas
espontaneas na pele inflamada.®®

Somatostatina (SOM)

Peptideo de 14 ou 28 aminoédcidos originalmente
isolado no hipotdlamo, assim denominado devido & capaci-
dade de inibir a liberagdo de horménio do crescimento.
Apenas aforma de 14 aminoécidos parece presente na pele,
sendo liberada na inervacdo da derme, epiderme e glandu-
las sudoriparas. Além disso, sua presenca ja foi detectada
em mondcitos e células de Langerhans, ceratinécitos e célu-
las de Merkel **'% Cinco receptores ja foram identificados
(SSTR-1 a5), todos eles acoplados a proteina G, e a presen+
¢a na pele de um tipo especifico esta em investigagdo.o"'®
E um potente inibidor da proliferagio celular. A injecéo de
SOM na pele gera uma pépula eritematosa mais discreta do
gue aquela observada ainjecéo de SP, podendo haver siner-
gia entre elas na formacdo da papula. E também capaz de
liberar histamina de mastdcitos via AMPc, sendo achada no
fluido de bolhas na pele inflamada.**®

DEGRADA(_;AO DOS NEUROPEPTIDEOS

As acdes de neuropeptideos na pele sdo influenciadas
por mecanismos envolvidos em sua remocéo do meio extra
celular. Apesar de o reaproveitamento de neuropeptideos
poder ocorrer via processos de endocitose, 0 mais comum é
sua degradacdo por diversas enzimas. Na pele, duas zinco-
metal oproteinases tém papel preponderante. Uma delas é a
enzima conversora de angiotensina (também chamada ECA,
EC3.4.15.1, dipeptidil carboxipeptidase | ou peptidil dipepti-
dase A), largamente estudada em seu papel na regulagdo da
pressdo arterial sistémica. A outra enzima é a endopeptidase
neutra (NEP ou neprilisina, também denominada encefalina
se, EC 3.4 24.11, antigeno de superficie CD10 ou common
acute lymphoblastic antigen - CALLA), localizada na super-
ficie celular. Ambas ja foram detectadas em células endote
liais, fibroblastos e ceratindcitos, e sdo capazes de degradar
taguicininas, encefalinas e bradicinina.

Estudos indicam que, das duas, a NEP parece ser a
principal enzima capaz de degradar SP e CGRP na pele
humana, e sua inibi¢do aumenta as a¢Oes desses neuropep-
tideos na pele, resultando em edema, extravasamento de
plasma e outros efeitos ja citados. A NEP localiza-se preci-
samente na camada basal da epiderme, endotélio de vasos e
anexos (foliculos pilosos, glandulas sebéceas e écrinas e
bainha perineural de nervos), enquanto a ECA concentra-se
mais na superficie luminal de vasos. A NEP tem sua presen
¢a estendida a todas as camadas da epiderme em feridas
experimentais durante a cicatrizagdo, sugerindo sua partici-
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responsible for the sympathetic-resistant vasoconstricting
component of the alpha-blockers.”” Studies show that, in the
skin, when equimolecular injections of noradrenaline are
applied, NPY reduces the paleness induced by noradrena-
line, suggesting that certain actions of these two substances
cannot be synergistic.13 An injection of NPY is capable of
releasing histamine mast cells,"” and NPY can also be found
in the fluid of spontaneous blisters in the inflamed skin.*

Somatostatin (SOM)

Somatostatin (SOM) is a peptide having 14 or 28 amino
acids. It was initially isolated in the hypothalamus. It received
its name due to the capacity to inhibit the release of the growth
hormone. Only the 14 amino acid form seems to be present in
the skin, being released in the nerve fibers of the dermis, epi-
dermis and sudoriparous glands. Its presence has also been
detected in monocytes and Langerhans' cells, keratinocytes and
Merkel cells."”™™ Five receptors have been identified (SSTR-1 to
5), all of them coupled to the protein G. The presence in the skin
of a specific type is still in investigation."”'"™ SOM is a potent
inhibitor of cellular proliferation. Its injection into the skin ge-
nerates a more discreet erythematose papule than that observed
with the injection of SP, there being the possibility of synergy
between them in the formation of the papule. It must also be
capable of releasing histamine from mast cells through AMPc,
since it is found in the fluid of blisters in inflamed skin."'”

DEGRADATION OF NEUROPEPTIDES

Actions in the skin by neuropeptides are influenced
by mechanisms involved in their removal from the extracel-
lular environment. In spite of the recycling of neuropeptides
that can occur by means of the endocytosis processes, the
most common is their degradation by several enzymes. In
the skin, two zinc-metaloproteinases have a preponderant
role. One of them is angiotensin-converting enzyme (also
called ACE, EC 3.4.15.1, dipeptidyl carboxypeptidase I or
peptidyl dipeptidase A), widely studied in its role in the re-
gulation of systemic blood pressure. The other enzyme is
neutral endopeptidase (NEP or neprilisin, also denominated
enkephalinase, EC 3.4 24.11, surface antigen CD10 or com-
mon acute lymphoblastic antigen - CALLA), located on the
cellular surface. Both have been detected in endothelial
cells, fibroblasts and keratinocytes. They are capable of
degrading tachykinins, enkephalins and bradykinin.

Studies have indicated that, of the two, NEP seems to
be the principle enzyme capable of degrading SP and CGRP in
human skin, and its inhibition increases the actions of these
neuropeptides in the skin, resulting in edema, plasma exuda-
tion and other effects already mentioned. NEP is located pre-
cisely in the basal layer of the epidermis, endothelia of vessels
and annexes (hair follicles, sebaceous and eccrine glands and
the perineural sheaths of nerves), while ECA is concentrated
more on the luminal surface of blood vessels. During the cica-
trization of experimental wounds NEP was found to have an
extended presence through all of the layers of the epidermis,
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pagdo no processo e refor¢cando o papel da inflamag&o neu-
rogénica na reparagdo tecidual. Os estudos com NEP suge-
rem que essas enzimas podem ser Gteis no futuro, na abor -
dagem de certas afecgdes cutdneas em que haja alteragéo da
presenca de neuropeptideos. Além disso, evidencia-se a
necessidade de novos estudos das reacdes cuténeas no uso
de medicamentos inibidores da ECA.**"¢™

A CAPSAICINA

A capsaicina (trans-8-metil-N-vanilil-6-nonenami-
da) é a molécula ativa responsavel pela ardéncia da
pimenta vermelha, do género capsicum. Sua importancia
no estudo de neuropeptideos na pele deve-se a sua capa-
cidade de despolarizar fibras C ou A-delta, ligando-se a
um receptor denominado vaniléide, que abre canais ibni-
cos gerando um influxo de célcio na fibra nervosa®**'*
Estudos sugerem haver ndo s6 um, mas uma familia de
receptores vanildides, porém seus ligantes enddgenos
ainda nao foram isolados. A aplicagdo tépica ou injecdo
intradérmica de capsaicina provoca liberacdo imediata e
deplecdo de taquicininas, CGRP e/ou VIP das fibras ner-
vosas, provocando inicialmente uma sensagdo de ardén-
cia e hiperalgesia, com inflamagdo e uma papula eritema
tosa indistinta daquela obtida por injecéo de SP ou hista-
mina. Apos aplicagdes repetidas por periodo variavel, o
local apresenta diminuig¢&o da sensibilidade e bloqueio a
estimulos dolorosos, resultando em dessensibilizacdo e
taquifilaxia (reversiveis com a suspensdo da droga) ou
lesdo irrerversivel da fibra, dependendo das doses e da
duracdo da exposicdo. Isso é util em alguns estados dolo-
rosos crénicos, em que o tratamento com capsaicina visa
depletar os mediadores da dor. Asindicagdes terapéuticas
tépicas incluem o prurido, a neuralgia pds-herpética e a
psoriase, mas permanecem limitadas, devido ao forte des-
conforto associado e a necessidade de aplicacGes numero-
sas. Andlogos mais potentes do que a capsaicina, como a
resiniferatoxina, ainda permanecem em estudo para apli-
cacdo terapéutica.®Me™

LUZ ULTRAVIOLETA E NEUROPEPTIDEOS

A irradiacdo ultravioleta da pele provocatanto infla-
mag&o quanto alteragdes em suas fung¢des imunes. Ha dados
experimentais sugerindo que neuropeptideos desempenham
um papel naformagdo de edema e eritema, namodulagéo da
hiperalgesia, e na reparacdo tecidual pos-irradiacdo. Os
neuropeptideos SP e CGRP s80 liberados sob exposi¢do ao
UV. O uso do antagonista da SP, espantida do antagonista de
receptores NK-1R, CP-96 345 e do antagonista CGRP(8-37)
atenua o fluxo sangliineo, a vasodilatacdo e o0 edemaforma
dos apos irradiacdo em animais experimentais.’*' Animais
deficientes em NEP, a enzima que degrada neuropeptideos,
também demonstram resposta exagerada ao UV. Além
disso, 0 CGRP parece ser capaz de induzir ceratindcitos a
secretar fatores melanogénicos. %' | sso reforga um papel
desempenhado pela SP e pelo CGRP, ambos neuropeptideos
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suggesting its participation in the process and reinforcing the
role of neurogenic inflammation in tissue repair. Research on
NEP suggests that in the future these enzymes may be useful in
the approach to certain cutaneous afflictions in that they
cause an alteration in the presence of neuropeptides. This is
further evidence of the clear need for further studies of cuta-
neous reactions in the use of medicines inhibiting ECA.”""'"

CAPSAICIN

Capsaicin (trans-8-Methyl-N-vanillyl-6-nonenami-
de) is the active molecule responsible for the burning sen-
sation produced by red peppers of the genus capsicum. Its
importance in the study of neuropeptides in the skin is due
its capacity to depolarize C or A-delta fibers, linking itself
to a receptor denominated vanilloid, which opens ionic
channels generating an influx of calcium into the nerve
fiber. ¥ Studies suggest that there is not only one, but a
family of vanilloid receptors, however their endogenous
bindings have not as yet been isolated. Topical application
or intracutaneous injection of capsaicin provokes the imme-
diate release and depletion of tachykinins, CGRP and/or VIP
from nerve fibers, provoking a burning sensation and
hyperalgesia initially, with inflammation and an erythema-
tous papule indistinguishable from that obtained by injec-
tion of SP or histamine. After repeated applications during
a variable period, the locus presents a decrease of sensitivi-
ty and a blocking of painful stimuli, resulting in desensiti-
zation and tachyphylaxis (reversible with suspension of the
drug) or an irreversible lesion of the fiber, depending on the
doses and duration of the exposure. This is useful in some
states of chronic pain, in that treatment with capsaicin seeks
to deplete the mediators of pain. Indications for topical
therapeutic application include pruritus, post-herpetic neu-
ralgia and psoriasis, but they remain limited, due to the
associated great discomfort and need for numerous appli-
cations. More potent analogues than capsaicin, such as
resiniferatoxin, are still being studied for therapeutic appli-
cation‘lﬁ,H&IU

ULTRAVIOLET LIGHT (UV) AND NEUROPEPTIDES
Ultraviolet irradiation of the skin provokes as much
inflammation as alterations in its immune functions. There are
experimental data suggesting that neuropeptides play a role
in the formation of edema and erythema, in the modulation of
hyperalgia, and in post-irradiation tissue repair.
Neuropeptides SP and CGRP are released under exposure to
UV. In experimental animals the use of the antagonist of SP, as
well as the antagonist of receptors NK-1R, CP-96 345 and the
antagonist CGRP (8-37) moderate the blood flow, vasodilata-
tion and edema that normally follow irradiation.”*"”" Animals
deficient in NEP, the enzyme that degrades neuropeptides,
also demonstrate an exaggerated response to UV. In addition,
CGRP seems to be capable of inducing keratinocytes to
secrete melanogenic factors.”>'#'** This reinforces evidence
that there is a role played by SP and by CGRP, both neu-
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de origem neural, na resposta a irradiacdo UV, atuando
junto a outros peptideos produzidos na pele, como o hormé-
nio melandcito-estimulante alfa (alfaMSH) e demais deri-
vados da proopiomel anocortina.

NEUROPEPTIDEOS NAS DERMATOSES HUMANAS
Psoriase

A patogénese da psoriase ainda permanece desco-
nhecida, e ainervagdo da pele tem sido alvo de varios estu-
dos devido a algumas peculiaridades da doenca: 1) hd uma
simetria comum das lesfes psoriésicas; 2) foram relatadas
remissdes de | esBes em areas de denervagao traumatica com
persisténcia das lesBes contralaterais; 3) a doenca tem uma
exacerbacdo apos episddios de estresse. Nesse quadro, o
fator de crescimento neural (NGF) tem ganho especial aten
¢do, devido a suas caracteristicas como fator de crescimen
to autdcrino de ceratinécitos e sua capacidade de controlar
a sintese peptidérgica nas fibras C da pele®#41%
Ceratindcitos humanos secretam NGF, que estimula de
forma autocrina a proliferagdo de mais ceratindcitos. O NGF
esté presente em quantidades aumentadas na pele psoriési-
ca e tem sido implicado como um indutor-chave da doenga
proliferativa observada na moléstia.”™# Além disso, ele
afeta diretamente a produc@o de neuropeptideos proinfla-
matorios que sdo trazidos a pele, especialmente SP e CGRP,
gue por sua vez podem agravar varios eventos observados
na psoriase. De fato, a expressdo aumentada de fibras SP-
positivas na pele psoriasica é significativa, e aumentos da
presenca de fibras CGRP e VIP-positivas parecem ser um
achado freglente, esses neuropeptideos implicando sua
etiopatogenia.”®

Outros estudos ainda demonstram aumento de
PACAP na pele lesada e aumento de SOM de origem
imune.*'® Neuropeptideos, em especial a SP, estariam
envolvidos na hiperproliferacdo de ceratindcitos, no cresci-
mento vascular e na atragdo e modulagdo de células infla-
matdrias, principal mente leucécitos polimorfonucleares. De
forma contraditéria, os achados de maior nimero de fibras
nervosas positivas para um neuropeptideo em especial ndo
significam aumento total das fibras na derme e epiderme. O
gue se observano inicio da doenca, provavelmente por agéo
do NGF, é uma hiperinervacdo local, que acompanha a
hiperproliferacdo de ceratindcitos. No entanto, a progressio
para lesBes maduras, com persisténcia de condic8es infla-
matdrias e alteragdes graves da arquitetura histoldgica da
pele parece provocar uma degeneracdo de fibras intralesio-
nais, que resultaem umadiminuic¢do significativado nime-
ro total de fibras e uma dissociag8o da comunicagdo entre
fibras cutaneas e células imunes. 1sso demonstra que neuro-
peptideos podem ter um papel definido e especifico em
algumas fases do curso temporal da doenca e explicar resul-
tados contraditérios de estudos anteriores quanto ao aumen-
to ou ndo da inervagdo na pele psoriésica e da agcédo de neu
ropeptideos, %t
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ropeptides of neural origin, in response to UV irradiation, ac-
ting in conjunction with other peptides produced in the skin,
such as the melanocyte-stimulating hormone alpha MSH-
alpha) and other derivatives of pro-opiomelanocortin.

NEUROPEPTIDES IN HUMAN DERMATOSES
Psoriasis

The pathogenesis of psoriasis still remains unknown.
Enervation of the skin has been the object of several studies
due to some peculiarities of the disease: 1) there is a sym-
metry that is common among psoriatic lesions; 2) remissions
have been reported of lesions in areas of traumatic denerva-
tion with a persistence of contralateral lesions; 3) the disea-
se may become exacerbated after episodes of stress. In this
tableau, the neural growth factor (NGF) attracts particular
attention, due to its characteristics as a factor of autocrine
growth of the keratinocytes and its capacity to control the
peptidergic synthesis in the C fibers of the skin?**?
Human keratinocytes secrete NGF which stimulates the
autocrine proliferation of more keratinocytes. NGF is pre-
sent in increased amounts in psoriatic skin and is implicat-
ed as a key inductor of the proliferative disorder observed in
the disease.””™"” Besides this, it affects directly the produc-
tion of proinflammatory neuropeptides that are brought to
the skin, especially SP and CGRP, which in turn can aggra-
vate various events observed in psoriasis. In fact, the
increased expression of SP-positive fibers in the psoriatic
skin is significant, as are increases of the presence of CGRP-
and VIP-positive fibers, which seem to be a frequent finding.
These neuropeptides are clearly implicated in the
etiopathology of psoriasis.””

Other studies have also demonstrated an increase of
PACAP in the injured skin and an increase of SOM of immune
origin.**" Neuropeptides, especially SP, would naturally be
involved in the hyperproliferation of keratinocytes, in vascular
growth and in the attraction and modulation of inflammatory
cells, mainly polymorphonuclear leukocytes. On the other
hand, the finding of a larger number of positive nerve fibers for
a particular neuropeptide does not necessarily mean an overall
increase of fibers in the dermis and epidermis. What is observed
at the beginning of the disease, probably due to the action of
NGF, is a localized hyper-enervation that accompanies the
hyperproliferation of keratinocytes. However, the progression
of the disease to mature lesions, with the persistence of inflam-
matory conditions and serious alterations of the histological
architecture of the skin, appears to provoke a degeneration of
intralesional fibers. This results in a significant decrease in the
total number of fibers and a dissociation of the communication
between cutaneous fibers and immune cells. This demonstrates
that neuropeptides can have a defined and specific role in some
phases of the temporal course of the disease and explains why
there were contradictory rvesults in previous studies as to
whether or not there is an increase in the nerve fibers in psoria-
tic skin and regarding the function of the neuropeptides.””**"'



Kalil-Gaspar

Reacées de hipersensibilidade

Reacdes de hipersensibilidade do tipo tardio (HTT) e
dermatites de contato (DC) sdo reagbes imunes tardias
mediadas por células T que ocorrem na pele apds uma pri-
meira estimulagdo com antigeno, seguida de um segundo
contato com o hapteno. A reag&o a érgica depende da funcdo
apresentadora de antigeno desempenhada por células de
Langerhans, que estéo em intimo contato com fibras senso-
riais contendo neuropeptideos. A SP, até o momento, tem
sido apontada como um estimulador de reagdes de hipersen-
sibilidade devido a sua capacidade de liberacdo de histami-
na, recrutamento de leucdcitos e formagéo de edema, o que
foi corroborado pelo uso de capsaicina, denervagéo, uso do
antagonista espantida e em animais deficientes em NEP2 No
entanto, deve-se mencionar que isso é uma generalizagdo e
gue hé resultados de efeitos inibitérios da SP em altas con-
centragdes sobre aresposta de células T em modelos de HTT
in vitro gque podem ser de alguma relevancia in vivo.** O
CGRP, por sua vez, tem sido intensamente estudado em sua
capacidade de inibir as reagdes de HTT por suprimir a apre-
sentacdo de antigeno por células de Langerhans (vide acima,
na descricédo do peptideo). Na pele, ha fibras imunorreativas
para 0 CGRP em intimo contato com células de
Langerhans.®%*% Foj proposto que o CGRP dificulta a apre-
sentacdo de antigeno nasreagBesde HTT e dermatite de con-
tato mediante aregulagéo paracimade IL-10 e da supressdo
de citocinas proinflamatérias (IL-1 e 1L-12), e de molécula
co-estimulatéria CD86, prevenindo a ativacdo de células T.®
® O papel de outros neuropeptideos de origem neural nas
reacOes de HTT, como o VIP, permanece ndo esclarecido.

Dermatite Atopica

O peptideo vasoativo intestinal (VIP) e a acetilcolina
coexistem em fibras simpéticas p6s-ganglionares envolvidas
no controle da secregéo de suor e foram implicados no pruri-
do caracteristico pés-sudorese na pele lesada dos pacientes
com dermatite atdpica (DA), sendo aacdo do VIP dependen-
te de histamina mastocitéria. Esses neurotransmissores pare-
cem estimular sinergicamente o prurido ao entrar em contato
com fibras nociceptoras sensibilizadas na pele cronicamente
inflamada dos pacientes com DA.*** Além disso, foi observa-
do que a SP esta presente em quantidades aumentadas nas
fibras da pele lesada na DA e que tem um papel naliberagdo
de IFN-gamae IL-4, exercendo um discreto efeito proinfla-
matério na resposta de células T.™** QOutras ateragdes na
pele intralesional na DA incluem um aumento de fibras con-
tendo CGRP e um desaparecimento das fibras SOM+11%

Hanseniase

A hanseniase é caracterizada por alteracfes de sensi-
bilidade na pele lesada e pelo envolvimento inflamatério de
nervos periféricos. Nesse quadro, foram encontradas altera-
¢Oes significativas de SP, CGRP, NPY e VIP, bem como na
guantidade de fibras cutaneas em pacientes com hanseniase
tanto virchowiana quanto tubercul 6ide ou indeterminada.*
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Hypersensitivity reactions

Delayed-type hypersensitivity reactions DTH) and
contact dermatitis (CD) are delayed immune reactions
mediated by T cells that occur in the skin after there is first a
stimulation with an antigen, followed by a second contact
with the hapten. The allergic reaction depends on the antigen
presentation function performed by Langerhans' cells that
are in intimate contact with sensorial fibers containing neu-
ropeptides. Until the present time, SP has been blamed as a
stimulator of hypersensitivity reactions due to its capacity for
releasing histamine, recruitment of leukocytes and gene-
ration of edema. This was corroborated by the use of cap-
saicin, denervation, use of the antagonist spantide and in ani-
mals deficient in NEP. "> However, it should be mentioned that
this is a generalization and that there are results now known
regarding the inhibitory effects of SP in high concentrations
on the response of T cells in models of DTH in vitro. This
knowledge should be of some relevance in vivo.”” CGRP, in
turn, has been studied intensely in its capacity to inhibit the
reactions of DTH by suppressing the presentation of antigen
by Langerhans' cells (see above, in the description of the pep-
tide). In the skin, there are fibers that are immune-reactive to
CGRP in intimate contact with Langerhans' cells.”%" It has
been proposed that CGRP hinders the presentation of antigen
in the DTH reactions and contact dermatitis by the up-regu-
lation of IL-10 and of the suppression of proinflammatory
cytokines (IL-1 and IL-12), and of the co-stimulatory molecule
CD86, preventing the activation of T cells.”* The role of
other neuropeptides of neural origin in DTH reactions, such
as VIP, remains unclear.

Atopic dermatitis

The vasoactive intestinal peptide VIP) and acetyl-
choline coexist in sympathetic post-ganglion fibers involved in
the control of perspiration secretion. They are implicated in the
characteristic post-sudoral itch experienced by patients with
skin affected by atopic dermatitis (AD), this being the action of
the VIP that is dependent on mast cell histamine. These neuro -
transmitters seem to synergically stimulate the itch when they
come in contact with sensitized nociceptor fibers in the chroni-
cally inflamed skin of patients with AD.” It has also been
observed that SP is present in increased amounts in the fibers
of skin traumatized by AD, and that it has a role in the release
of IFN-gama and IL-4, exercising a discreet proinflammatory
effect on the response of T cells.” " Other intralesional alte-
rations in the skin involved by AD include an increase of fibers
containing CGRP and a disappearance of SOM+ fibers.”"""#

Leprosy

Leprosy is characterized by alterations in the sensi-
tivity of the affected skin and by the inflammatory involve-
ment of peripheral nerves. In this picture, patients with le-
prosy present significant alterations of SP, CGRP, NPY and
VIP. Alterations have been found as well in the amount of
cutaneous fibers; both Virchow's and tuberculoid, as well as
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Estudos também foram realizados com SOM e outros neu-
ropeptideos, sem terem sido encontradas diferengas em
relagdo a pele normal *° Os distdrbios funcionais entre célu-
las imunes e fibras nervosas na doenga ainda permanecem
n&o determinados.

Alopecia

O foliculo piloso humano e dos mamiferos em geral
€ ricamente inervado por uma populacdo heterogénea de
fibras, e um papel para os neuropeptideos no controle do
crescimento do pélo tem sido buscado por varios autores.
Em modelos murinos, o conteldo de SP e o nimero de
fibras CGRP+ alteram-se de acordo com o ciclo folicular. A
SP, quando injetada, pode gerar alopecia discreta. Outros
autores verificaram inducdo do crescimento de pélo em
camundongos C57BL16 pela SP.®®" Estudos mostram
ainda que a SP pode estar envolvida na regeneracdo do foli-
culo piloso ap6s o arrancamento intencional.* Héa ainda
relatos de baixos niveis de CGRP na alopecia areata e de
crescimento de pélo em regido denervada na pele de um
paciente com alopecia universal ****® Contudo, um estudo
recente em animais experimentais demonstrou néo haver a
necessidade da presenca de inervagdo intacta para o desen
volvimento normal dos foliculos pilosos e inducdo da fase
anagénica, permanecendo inconclusiva a idéia de que os
neuropeptideos sejam essenciais @ homeostasia do pélo nos
mamiferos e, em especial, no homem.**

CONCLUSOES

Mesmo carecendo de trabalhos experimentais defi-
nitivos, evidéncias crescentes sugerem participagdo ativa da
inervacdo da pele em seus fendmenos homeostaticos e pato-
[6gicos. Contribuem para essa concepgao a onipresenca de
fibras peptidérgicas na derme e epiderme, e os estudos que
demonstram o potencial modulador dos neuropeptideos
sobre processos celulares in vitro e in vivo. NO entanto, em
contraste com numerosos dados experimentais, um compo-
nente neural na etiopatogenia da maioria das dermatoses
humanas permanece néo elucidado. Relevante também é o
fato de ser limitado o repertrio terapéutico atual que leve
em conta esse sistema a disposicdo dos dermatologistas.
Contudo, asinvestigagdes revelam-se promissoras, introdu-
zindo nova complexidade & compreensdo da etiopatogeniae
terapéutica das doencas dermatol dgicas. a
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other fibers of undetermined nature.” Studies have also
been done on the presence of SOM and other neuropeptides,
but without finding differences in relation to normal skin."”
Functional disturbances between immune cells and nerve
fibers in the disease remain unknown.

Alopecia

The human hair follicle and that of mammals in
general is richly endowed with a heterogeneous grouping
of nerve fibers. Various authors have explored the role of
neuropeptides in controlling the growth of hair. In labo-
ratory mice, the content of SP and the number of CGRP+
fibers vary in accordance with the follicular cycle. When
injected, SP can generate discreet alopecia. Other
authors report having induced hair growth in C57BL16
mice using SP.”>"'" Studies have shown that SP can be
involved in the regeneration of the hair follicle even after
intentional uprooting.” There are even reports of low le-
vels of CGRP in alopecia areata and of hair growth in
denervated areas in the skin of patients with universal
alopecia."*'* Nevertheless, recent research in experimen-
tal animals has demonstrated that there need not be the
presence of intact nerve fibers for normal development of
hair follicles and induction of the anagenic phase, thus
leaving inconclusive the idea that neuropeptides are
essential to the homeostasis of the hair in mammals and,
especially, in man.'

CONCLUSIONS

Though lacking much definitive experimental work,
growing evidence suggests active participation of the nerve
fibers of the skin in homeostatic and pathological phenome-
na. Various studies contribute to the growing awareness that
peptidergic fibers are omnipresent in the dermis and epider-
mis, this being corroborated by research that demonstrates
the modulatory potential of neuropeptides on cellular
processes iNVitro and in viva. However, in spite of conside-
rable experimental data, the neural component in the
etiopathology of most human dermatoses remains unclear.
Also relevant is the fact that the current therapeutic arma-
mentarium, which involves this system is limited. However,
the ongoing investigations are proving promising, introdu-
cing new complexity to the understanding of the etiopatho-
logy and therapeutics of dermatological diseases. a
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