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A玎Ⅱ： Re ew of evidence that the 33．amino—acid 

polypeptide secretoneurin， which is generatecl by 

pmteolytic cleavage of secf∞ 岫 II，plays arolein 

neurogenic inflammation． ⅡI1HODS!Survey of the 

literature using a MEDLINE search database RE- 

Sl】1 晤： Secretoneurin is synthesized in spinal 

ganglia，transportedthrou the dorsal roots and stored 

in the axon terminals of primary afferent neAu'ollS． 

Investigations using capsaicin suggest that secretoneurin 

functions as an excitatory transmitter． Secretoneurin 

specifically activates various cell functions including the 

chemotactic migration of monocyte~， eosino~ ls， 
flbmblasts，sinooth muscle cells，and endothelial cells， 

which suggests that the poptide may modulate 

inflammatory reactions ． Secretoneurin receptors have 

been functionally chalactefized They are G-proteins 

linkedand effects are abregated byinhibition ofprotein 

kinase C C0NCI S10N-With actions as diverse 

asthose seenwith othermediators suchas tachyklnins， 

secretoneurin may be considered another sensory 

neuropeplide with modulatory potential in neurogenic 

inflammation 
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Capsaicin．the main pungent ingredient in “h0r 

chili peppers，elicits burning pain by acN*ating specific 

(vanilloid)receptors on unmyellnated sensory iler'e-e 
endingsL 

． Sensory nerves have an efferent function 

in addition to their aff erent function of conducting 

chemoreceptive impuls~ to the brain Chemical 

imtants that activate sensory nerves cause plasma 

leakageinthe skin respirmorytract，and other~gans 

by triggering the release of substances from sensory 

nerve fibers， which is a chalacteristic of neurogenic 

inflammation． Substan~ P，which is synthesized and 

released by some sensory neutons ，appears to be the 

main active mediatort 
，
altho~I other tachykinins， 

calcitoningene·relatedpoptide，and other peptidosmay 

also participate． Substance P is the iⅡmry mediaKa" 

responsible for plasma leakage．acting via tachykinin 

NK．1 receptom．whereas both calcitonin gene．related 

peplide and substance P induce vasodilatation． Expres· 

sion ofneuropeptldesis up-regulatedin sensory nelll"OllS 

following inflammation_J’ ． 

Nemogenic bnⅡnation results from the action of 

neuropeptides on their specific receptors． The 

receptors involved in plasma leakage ale l~ ted on the 

endothelial cells of postcapillacy venules and collecting 

venules． Plasma lea~ e is transient．however．山e 

magnitude of the response can increase in patholo#cal 

conditions such as infection， allergen exposttre． 

inhalatlon of cigarette smoke，and othoFin'it,ants，which 

resultsin a chronicinflammatorycondition characterized 

by activation of various othercellstypes15] 

Inducible nitric oxide synthase-derived nitric oxide 

is capable ofpotentiating neurogenic plasma leakage in 

airwaysL ． Tachykinins are normally degraded and 

inactivated by aeutml endopeptidase， and vascular 

effects of tachykinins Rre augmented in neutral 

endopeptidase knock outmice(7] A variety offactors 
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iS able to reduce neutral endo0eptidase activity．thus 

enha ing the effects of the peptidest Calcitonin 

gene-related peptide has protector properties but its 

ability to】imit the extelit of iliflammation is stronglY 

impaired in inflammatory conditionsL Sensory 

neuropeptides regulme the release of cytokines and 

chemokines．which are importer in the pathophysio— 

logy of various inflm'nmatory diseascs_l̈／ Under 

certain conditions and in correlation with clinical 

eveli~，levels of the neuropeptides can become elev~ed 

in patient plasma ortissuefluidsL ． 

111e formafion of intrapulmonary iltllllulie com- 

plexes in mice generates a vigorous inflammatory 

response characterized by rnicrovasctdar peimeability 

and polymorphoanclear nen trophil influx． In a study 

by Bozic r a1． gene—targeted disruption of the 

tachykinin NK—l receptor protected the lung from 

inaraune complex injury，as did disruption of the CSa 

anaphylatoxin receptor； immunoreactive substance P 

wasmeasurablein fluidsliningthelun g attime points 

before nentrophilinfluxandmaythilS beinvolvedin an 

early step in the inflammatory response ． Tbe 

neurogenic component of the cellular inflmmnatory 

response to intedeukin一1 is significantly altered in 

tachykidinNKl receptor knockoutmice、 J． 

Neuropepfide ~ tors oll cells of the inflam． 

rrmtory site playan importantmlein the development of 

neumgedic responses． Effects on the migratory 

behavionr of lettkocytes and other cells a口ix：as to be 

phy a particularmlein neurogerticinflammation 

The release of neuropeptides at the local site and 

receptor-mediated activation ofinflan~-antory cells have 

been suggested to form a biochemical basis of neBro— 

inlitluneinteractionsL“J 

AsA SENSORY 

Secretogranin Ii is an acidic secretory protein of 

endocrine， neuroendocrine and neuronal tissues It 

comprises，togetherwith chromogranins A and B，the 

class of proteins collectively called chromogranins． 

Secretogranin lI is the precursor of a rlN~lllly 

discovered neuropeptide ． Using antisera in rabbits 

t0 conjuptes of two synthetic peptides f bovine 

secretogranin 133— 151 and rat secretogranin l54— 

186)flanked in the primary structure of secretogranm 

Ⅱby pairs of basic residues the pmteolytic processing 

ofthis proteinwas investigatedt highestdegree 

of processing of secretogranin 1I(>90％)occurred 

in brain． One ofthe peptides(secretogranm l33— 

151)did not appearto be generated to any significant 

extent． The other peptide ．secretogranin 154— 186， 

however，was formed in vivo，and in brain the free 

peptide represented the 。d0Ⅱ n form． 

detected colicentmtions were comparable to those of 

established nem'opeptides． In order to indicate the 

special relevance ofsecretogralli／l 11 and ofthis pepfide 

forbrainitwas named secretotu~urin L16 

Inthe rat spinalcordandlower brainstem，a high 

density of secretonettrin fibersandterminalswas found． 

Tbe highest lii2n~ of secretogranin 1I messenger 

RNA-contaiinng cells was found in Iamina II of the 

dorsal hom and in neurons ofthe dorsal root ganglia． 

Tbedistfibutions of secretoneurin and substance P were 

strikingly similar． Calcitonin gene-related peptide and 

secretoneurin overlapped in the outer laminae of the 

dorsal horn，in the lateral cell column，and probably in 

softie motonem~ns． Like substance P and calcitonin 

gene-related peptide ，secretoneunn is a peptide highly 

concentrated n the temlinal field of primary afferents 

andin sympathetic and parasympathetic areas ． 

In the human spinal cord， the density of 

secretoneurin-like immun oreactivity was high in the 

superficial dotsal hom and in the lateral column of 

autonomic al'CS． The ventral hom displayed low to 

mod erate density of secretoneuri~-like immun oreactivity 

and prominently outlined motoneurons( Tbe 

congruent distribution of secretoneurin and substance P 

tothetermination ofI~ nary afferentsmayindicate that 

secretoneufinisinvolved in modulation of pain． 

localization of secretoneurininthedo rsal hom 

of the spinal cord suggested its release from primary 

afferent neurons． In a study by Kirchmair et al、 ． 

1iormal rats and rats pretreated neonatallywi th capsaicin 

to destroy selectively po lymoda!nociceptive fibres were 

used． Capsaicintreatmentled to amarkeddepletion of 

secretoneurin in the substanfia gelatinosu，but not in 

otherimmunolmsitive al'eas ofthe spinal cord and to a 

substantial loss of small secretogranin Ⅱ messenger 

RNA-containing dorsal root ganglia neurolLs 

Radiommmnoassay revealed a decrease of secretoneurin 

in the dorsal spinal cord， the trachea， heart， and 

urlo~y bladder of capsaicin—treated rats．demonstrating 
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that secretoneurin is a neuropeptide which is stored in 

and released from cap~icin sensitive，prmmry afferent 

ri01 
neurons ⋯ ． 

In dental pulp secretoneurin localized in varicose 

nerve fibres that were frequently associated wi山 blood 

vessels and no significant correlationwasfound between 

the immunoreactive levels of secretoneurin and 

calcitonin-gene related peptideL 
． Studies demon— 

atrate that chromogranms A and B，and sex：retoneurin 

are transported with fast axonal transport in the 

peripheral nerves， and that they are differentially 

dis~butedin differenttypes ofneuronsintheperipheral 

nervous system mad the spinal cord，suggesting that 

each of them may play a special mle in subsets of 

neurons
(21 1 

咖 ．A删 A1 RY CELLS 

Leukoc~es． Secretoneurin triggers山e selective 

migration of human monocytes in vifro mad ／n vi ． 

and combina6伽 s of secretoneurin wi山 the SellS0ry 

neuropeptides．substance P，or somaLostatin，synergis— 

tically stimulate such migrationL孙一． Tt1e atWaction of 

monocytes represents the first established funcfion of 

secretoneurin as a sensory neuropeptide． A significant 

migratory respo nse of山e monocytic cell line U937 to 

secretoneurin or aC-terrainal fragment of secretonettrin 

at co ncentrations in 山e nanomolar range was seen in 

transendothellal migration models as well ． Migra- 

tion vv'ds comparableto amaximal effectinduced bv山e 

monocyte chemotuctic agent N—formyl—Met Leu Phe， 

mad rabbit anti-secretoneurm antibodies were able to 

spedfi~ly block the neurope埘de effectL 

Secretonettrin acts as|衄 easinophil chemoattractant 

comparable in potency to interleukin-8． and 

checkerboard analysis， usage of a specific anti— 

desensitization 

experiments confirmed the chemotuctic activityt∞ 

Whether pIlagocytes other than monocytes and 
eosinophlls are targets of secretoneurin action is 

currently unknown Since previous data sugg est that 

secretoneurin does notinduce chemotaxis of neutrophils 
at relevant co ncentrationsL23一．neutrophil priming for 

respiratory burst activity．adhel~nce to endothelial cell 

monolayers and effects on chemoatWactant-stimulated 

migration of neutrophils was investigated． Priming of 

neuu-ophils wi山 secretoneurin led to enhance 

triggered respiratory burst activity or adherence to 

endothelial cells as compared wi山 Kmlor necrosis 

fiactor-alpha， a well-k／iovcfl neuU'ophil-priming 

cytokine； pretreatment of neutrophils， however， 

revealed an increase in siX)ntanecus lo~omotion． and 

significant antagonism of formylpeptide-stimulated 

migrationL 
．

Therefore， neutrophils appear to be 

specifically aff ected by secretonettrin possibly by 

activation of a primi ng-type receptor． 

Secretoneurin， known to induce monocy~ 

chemotaxis，was unableto affectlymphocytemigration 

or proliferation in v L0 
．  

Mesench~ al cells． Secretoneurin trigg ers 山e 

selective migration of human skin fibroblasts in vitro， 

but does not stim ulate their proliferation：山e attraction 

of human skinfibroblasts ismediated bythe C—terminal 

fragment of the peptidel∞J as was observed for 

monocytes and easinophils(23· 1 Secretonettrin also 

stimulates specific migration of cultured arterial smooth 

muscle cellsfrom mt山oracic aorta．andinitintesDNA 

synthesis and cell pmllferaim n[驯
．  

In endothelial 

cells， secretoneurin induces 

proliferation／ 
．

Activation 

secretoneurin induced In 

adhesiveness to neutrophils／3 ： 

migration bu t inhibits 

of endo thelial cells by 

endo 山elium increased 

SIGNALING IN 

Ⅱ n ．AⅣ附 AT0RY CELLS 

Preincubation of monocytes wi山 pertussis toxin 

inhibited secretoneuiin chemotaxis： stauro~porine． an 

inhibitor of protein kinase C，significantly decreased 

secretoneurin-induced ckemomxis of monocytes， 

suggestingthat protein kinaseC may beinvolvedinthe 

signaling， and tyrphosfin-23， which inhibits tyrosin 

k-mase．did notaffect secretoneurin—induced chw~ffllotaxis 

of rrmnocytes The data suggest that secretoneurin nses 

a signaling mechanism in monocytes that is coupled to 

penussis toxin—seasitive G proteins Involvement of 

phospholipase C beta as a result of protein kinase C 

activation was sugg ested by a secretoneurin-induced 

increase of inlracellular C concentration in 

monocytesL J
．  

Preincubafton of cosinophils wi山 effective 

concentmtioas of staurosporineor tymhostin．23 shomx：l 

11o effect，whereas treatment wi山 w0r njJ1 or 3 
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isobutyl-1--methylxantin completely blocked seereto-- 

neurin-induced migration，demonstrating that secreto- 

neurin-stimulated hmnan eosinop~l chemotaxis is 

mediated via a unique and specific siwaJ transduction 

pathway that involves activation of phosphodiesterases 

tire enzymes， ie．phospholipase 

D and phosphatidylinosito1．3一kinase 。 ’ 

Secretoneurin indueed in endothelium an incrlNtse 

in adhesiveness to neutrophils in a protein kinase C- 

dependent manner~圳 

Specific binding sites for l 一I-BH—secretoneurin 

were identified on human Mono Mac 6 cells， a 

monocytic cell line． Scatchard analysis revealed a 

single class of binding sites with a Kd value of 7 3 

nanomolar and a 日J of 322 femtomol／mi lllgram 

protein． Competition studies demonstrated that the 15 

C．terminal aiiRno acids of secretoneorin could displace 

authentic seeretoneurin，w~reas shotterfragmentswere 

inactive． Other sensory ne~ tides like substance 

P，calcitonin gene—related peptide，or galanin as well as 

the chemokine receptor ligand RANTES or the typical 

chemoatlractant N ．fonny1．Met-Leu．Phe could not 

displace secretoneulin~ 
． 

In another study~35J me 

chemoattractants monoc3,rte chemotactic protein-1． 

monocyte chemotactic pmtein．2， or N-fonnyl-Me t． 

Leu—P}le could not COml~te for secretoneurin binding 

sites co nfirmingthat secretoneorinmay bindto a novel 

chemotactic iece~or Additional studies by Kong ef 

d，L35 showed that neither secretoneunn nol"monocytg 

chemotactic protein．2induced a risein cytosolicCa2 ． 

and chemotaxis to secretoneurin was inhibited by 

cholera toxin and ~rtussis toxin； chemotactic 

desensitization studies demonstrated that chemoattr~ ant 

N—fonnyl-Met—Leu—Phe．monocyte chemotactic protein- 

l，monocyte chemotactic protein一2，and secretoneurln， 

could all desensitize monoc~，tes to subse0uent 

seeretoneurin stimul~ion． us in two independently 

~rfomled studies．a functional monocyte cell surface 

receptorfor secre~oneurin was characterized． 

CONCLUDING RE 睛且l(S 

Leukocytesandmesenchymal cells are called upon 

when tissue sustains an immunolo#cal，mechanical or 

chemical inju“． Ie cells migrate into the site of 

inflammation， release mediators， proliferate， and 

synthes~e and remodel matrix． Iese cellular 

iesponses&re _n partmediatedlocally bytherelease of 

neuropeptides from sensory nerve endings 

Experimental evidence suggests that secretenenrin is 

capable to specifically affect various functional aspects 

ofleukoc ytes．fibmblasts．and vascularwallcells． 

Thereis only limited dataconfirming these novel 

p~tho physiological mechanisms in vivo． First experi- 

mental support for a potential pathophysiological 

relevan ce of the chemotactic potential of secretoneunn 

comes from Storch et l J who tested whether the 

local presence of secretoneurin within the central 

nervous system of the rat ma y influence the 

topographical distribution of inflammatory infiltrates|n 

acute T-cell mediated encephalomyelitis A clustering 

ofmacmphages，but not ofT-lym phocytes．w"osseen at 

sites of secretoneurin immunoreaetavity in all stages of 

experimental autoimmune encephalomyelitis which is in 

line with the chemotactic potency of the neuropep． 

fide(∞- · -疆· J
． Dataalsoindicatefbr吐le firsttime 

thatlocal neuropeptides ma y play a role in leucocyte 

recruitment into Inflammatory lesions of the central 

nervous system． 

Immunocytochemi sWy provided evidence for the 

presence of sub．in~nal secretoneurin-immunoreacrive 

nerve fibres in knee synovium in ~teoardiritis and few 

imaTRlnoreactive fibres in daeumatoid arthritis these 

being mostly loc alized in deep slroma． Secretoneurin 

is also detected _n nolmul and osteoanhrific synovial 

fluid and levels are down．regulated _n rheumatoid 

ioinẗ ． It is currently unknown whe ther seci~o- 

neurinin fact has aroleto playin rheumatic di．~ases as 

compared with other sensory neuropeptides 

Since secretoneurinis present_nlungandbronchial 

tissues ．its effect onensinophilmi gration may be of 

particular importance for eosinophil·-mediated  patho— 

physiological events． Secretoneurin is expressed _n 

extrinsic primary afferent ilel've fibres and intrinsic 

enteric DeuHms of the gu t as well as neuroendocrine 

cells． Even thoughmost ofthefunctional evidencefor 

secretoneunn actions in the gaslrointestinal tract is still 

lacking，its abundant presence_n neurons．nervefibers 

and neuroendocrinecelIstogetherwi th knownfunctions 

on inflammatory cells suggest a role of secretoneurin _n 
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howel inflammafion． 

The origin of chromogramns lies in a gene that 

a／'ose many millions of years ago aad secretoneurin has 

been isolated from a diverse array of species from 

vertebrate classes and invertebrate Dhyla J． B砌 一 

tially all of山e recently discovered putative central 

nel'volls system peptides ale measurable in human 

cerebrospinal fluid as is secretoneurinl J． There is 

evidence 山at secretoneurln is synthesized in sDinal 

ganglia，transportedthroughthe dorsal rootsand stored 

-n 山e axon tenninals of primary afferent neu— 

tons-19,21．22J
．
Th ese and other results suggest that 

secretoneurin functions as an excitatory transmitter of 

the t~m ry afferent fibers． Investigations using the 

compound capsaicin are consistent with the hypothesis 

山at s~retoneurin may be an hnl~Itarlt nem'ochemical 

mediator of certain kinds of noxious peripheral 

sthnuliI19J Elaboration of the mles of secretoneurin as 

novel sensory neuropeptide w珊 no doubt shed light on 

many disease statesin whichthere seemsto be sensory 

neu／'ollinvolveraent． 
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