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AbamMt 

N a ~ n u a m a d o f & a a o i a ~ f i m c i i o a s i s ~ b y i n t c i a s i c e o ~ c i u r v r s  

a n d b y a t r i a s i c ~ P a d ~ t n s i n a b u t ~ ~ y a n d p h y s i d o g y r r m a i n  

nibjeds of aiCCive investigation. A Papgbie apposdi m Mplyzing theV pbaiaypic féahnes 

and syasipic indartioas has kai onmal by observatioas that wmns can oAai npnss 

c m  constitutive and inducible nuclear proOias such as c-Myc, c-Fos, c-Jlin and 

JunB. In tûis -y, ail mammaüpn ente& namnu tested *bited constitutive c-Myc- 

immwwILieactivity and guima pig en&& nemms a b  arprrsstd a amaitutive nuclear c- 

FOS-Be immUMIIieSLCtivity. Coiistihitive c-Myc- and Fos-Iiloe antigeas were fand in aU 

guka pig en* wuais, and ibcir poterithi for quantitative analyses of neuackrnicai 

subsets was demonsüated. ImmUllOLeaCtiVity hr inducible c-FoJ and JunB, but wt c-Jun, 

was upegulatsd by depolarizing stimuii in aii astrd neurockmical subsets of enteric 

neurms h m  isoîated ileal segments, but sane namiiial and güal expreJscm of these 

antigens may have riesulted h m  the isoMon of intestinal segments. in oder to extend 

these shdLs to suôsets of sympathetic nainnis in the inferior mesenkric gangiia, a detailed 

anaiysis of the newochemicai subas in b t  ganglion was nrSt Himneû. Those data 

aipporad a previdy suggestd poB9bility that the neuriochemisay and 

ektmphysiologicai plopaeics of these alts may k amiaW. The rrspaisc~ of Fos and 

Jun pro(rias in tbis sympatheiic gangiion and the alonic nava were thai tested in a model 

of acetic acid-Wud colitis. In some animais that had ûeen refed immediafe1y fohwing 

induction of aaite colitis, npesSiai of C-FOO JunB (but nat c-Jun) was somefilnes 

activated h subsets of sympPthetic neumis that are most c l d y  assocLtsd with fibres from 
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IMRODUCTTON 



motifity, mwasalEnctioamdrcgulPoionofnruliphirrindie~testinal(GI) tractbut 

the~caiandphysi~besesofnivefiincti~~stiilsubjedsofaciM 

investigation. Iiitdnai patbdogy is o h  asdaml with moû~, m u a d  and vrsaikr 

disiurbaaas, and intestnial nava arr thus wtially imgoitant wets for chical 

interveation but ewii less is knoum about the rrspaises and mles of m e s  in GI pathology. 

in fa%, clinicai disturbanas of these imposant efhtm fimcticms may also implicaîe 

newous abnormaiities as bictors in sompathologks. 

Ne\llOBnatDrnicai anci dcftirgiysiologid studies have mealecl organizatid 

principles of the intestid iiaves that pnsumably refiect their fiuicticms and interactions. 

However, dùect tests of neumML ;icbi.ty in physiologicai prrpaations have been difficdt 

to achkve. A mœatly &elopai mtegy exploits the activity-xelated expnssion of nuclear 

protàns in neuirnu. Such an qpmch offa the possib%ty to investigate the activity of 

large numben of aamnis with celiulat moiution, and may also meal molecular 

mechanisms undedying the plasticity of thes nerves. K m ,  vafious subseis of newons 

e q m s  mgderable basal levds of sorne 'inducible" nuclear poains and may have 

characterisiic tlueshoIds fw & . g  the expisicm of others, Pmaps reflecting 

dineraias in the Wor enviriorunent of these alls. Hare, andysis of iheir 

expnSSiai may be useful not d y  to deâne nemnu aictivity but also to identüy populations 

of neumns and posPibly to elucidahe novel fiinctions of these proteins. 



M ~ t m d e & r e n t n u ~ n a v a f i o m t h e m i h a l n a v a i s s y s & m ( C N S ) p h y  

~ I e m e S h s o m ~ g h b a t i i i a l a C t i v i t y ,  butnervousquhtiaiofthe 

intesoines qppars to be cmnplex and muitilayclsd. Ppiuympnthetic nbm h m  the brah 

and sacrai spnal c d  M y  imvrvate the intesthes, and symgPthetic fibres from the 

thcmnlumbat spinai cad meet b abdominai &anpiia which in turn piwide most of the 

postganglionic sympathetic fibres to the in&stines (1). C d  and sacral Primary afkmt 

fibres are also abundant in pruasympVhetic nrves to the inaes(ms whiie ihoraEolumbar 

afferent fibres follow syniplthe(ic pnthways to the gut. In addition, an inainsic 

ganglioriated nervous nehvoh, the ente& nervous system (ENS), erristr within the wall of 

the gut. panaeas and galL bladder (2). The ENS contains parapympatbecic neunms directly 

mervatd by the CNS and. as in parasympathetic gangha, ente& aauons mostly contain 

acetyicholine (ACh). Nevaihdess, the size and cornplexïty of this ENS has led to its 

ckssScaîi011 as a distinct subdivigori of the autmomic nervous sysiem. In fact, the ENS 

amtains as many neurais as the spinal ami, and the iniestuial ENS contains local d u i t s  of 

sensory, infernullcial and mtor neurons Cpppble of integrative refiex iespoos*r in the 

absence of entrinsic navous input (2). In additicm, sympahetic namnis that supp1y the 

intesbines are not aiï simple days for spiiill sympaktic outûow as many also appear to 

integrate inputs fraa enteric anû otba sympatheiic namns, and perhaps f b m  axai 

couataais of thora#,Iurnbar p&nnt nbns (3,4). Henœ, caisiderable iegulab:on of 

intestinal fiiricticms probab1y occurs through periphaal autcmomic reflexes. 



moddisasyetincoaipldebutithasttrpotentialoopwidcdranat~micalbasisfor 

pe! ipbera l~~~~ngulpt icm.  Thegioae4pigconramsthekstcbPrtauedmoddof 

ensecic and GI Jympat&tic neunms, hgely beause kminar 'whoîe mount" pieParations of 

enteric gangiia are relatively easy 80 dissst (see aiaper 2) and because sympathetic ganglia 

supplying the gut a disme& and access~ile. In these animals, neutochemicai subsets 

defined by immUtlOhiStOChemid l e o n  of Reuropeptides, enzymes and aher neural 

antigens may account for ail enteric n a m n s  in the stomach, d intestine and sympathetic 

ganglia @,4; s& Fig 1.1). Asesment of esdi pqmticm has been a painsglOng process 

o h  hvoIving indirrct wmparisons of neUraial density in simiiar preparations and so, 

pahapB not MpàsùIgiy, some disaepancia have been nqorkd. I M y ,  a standad 

mechod far labdong all aamins might be ambined with immUIlOhiSbChemicai analysis of 

specincsubsetstodindlyasssstkirproportionsineachprrparationbutno suchtechnique 

hasbcnipmiiouslyrrporlsd. 

Neurocbemical Wes have llso been wmbined with lesionhg to demonstrate that 

some subsets of entaic and sympathetic namns have c b r a e ~ M c  mecticms and are 

assocwd with sel- graips of paiphaal fibns (2-5). These O b ~ o l l s  fuaher 

support the idea that these sub- have fiuidionai ndevam but anammical and histologicai 

techniques alone give no i n f i a n  ngardiig fiinctionai nespaises of 
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Figtue1.1 Diagnmoftheenteric,sympstheticPndpnninryanemitfibressupplyingthe 

guiricapigdin~aswella9swnede(lilsoftheir~hemicalcoding. Seetext 

for f i  degils. Abbrieviations: Am, zcetylcholine; CM, arcular muscie; DRG, dorsal 

mot ganglion; LM, bngitudinal muscle; M, muCosa; MP, rnyenfe8c plexus; NA, 

noradnnaliat; NW, nairopepbjdc Y; PREVlERT* G, pevertebnl gangiion; SM, 

submucosa; SOM, amatamh; SP, substance P; SPLANCN, splanchnic m e ;  VIP, 

Vasoactnre intestinai polypeptide. (Adaprtd bian Costa M, Fumess JB, Lkdyn-Smith II. 

Histocbemistry of the enteric mous  system. In Jdmsai LR (ed) PhysioIogy of the 

Gastrainfestirial Tract, 2nd ed., Vol 1, Ravai Ress, N m  Yoh, 1987, pp 1-40.) 



aeumcu. Ekcüophysidogicpl studia bave pwidod valuable inhmaticm qardbg 

membrane pmpzth anci maja synaptic inputs, and mbinatiotls of these studies with 

naiiiodiamcalandmoïpbolagicslanaiysishasrrvealalOOcfelaticmskhMaithcsef*ituies 

of mteric and symppttuiic nanar (2-5). Houmer, the disseaicm requinxi fw this 

appmadlusually~cmovesany~inpdpnomthe~endatwrpaipheralnaves,yd 

oniy féw aeurons an be analyzed by uiis technique in a @en pfepation. Fuahamore, 

the d t i v i t y  of this technique to disniptim by motion of the dissected prrparaton ofhm 

precludes analysis of neumiial activity difectiy associated wïth mechanosensory and 

v i ~ m O f O T  fiuictions. These fktm have undoubtedly amtn'buted to the dearch of its 

application in models of intestid pathophysioIogy* 

An alternative approach that might circumvent mnny of tbese dficulties has been 

suggested by the obsewations that neurons o h  rrspad to stimulation by eqmsshg a 

group of nuclear pmcmis (6). nie potcins arr aicoded by a baümy of œiluiar "immediate 

eady gene~" WS), so callecî by analogy with viral IEGs because mpid stllnulation of th& 

transcription is achieved by modification of pmexhthg &ption fhcâors. The iargely 

disaae nucleer lombtion of IWi protein products, including c-Myc, c-Fos, c-Jun and 

JunB, a h  Mta ies  quanticabve analysis of large numbers of nanakmically de- 

neurans by immUtlOhiSfOChanistry. 

ideally sihipted to marbsmy infiuezlce inÉraeellular ~spaises accarding to exnacellular 

signais. In fact, amsiderable "basai" expcsScm of some of these praeins is also deasctable 

in select naironal pcpkions of normal animals whae they presumably regdate genes 



s t i m u l i a i n e l i â t t h e ~ o r g r m s s d ~ m o f t h e s e ~ s a l t h o u g h M e  

~ t h P t a f e ~ n i ~ y d e p a d a i t h e m u u i t P n d m s g n i t u d e o f t h e s t i m u l u s a s  

well as the phemype of the aells. The prccise fhtians of dws pmtehs are as yet 

uiiclear, ami in fact the c-mye, c-Coa and c-jun gaies bad prMousiy been identifsed as 

cellular "-" bscaiue th& derrguhtal npreJsim or activity may amtn'bute 

to mmphsia in pn,lïbtive tissues (9-11). ûbviously, these "mcqmt&& are unlikely to 

affect p l i f i v e  mechanisms in post-mi* nanons, but aieir inducible expression maiœ 

them lilGCly candidates fol mediatuig transcriptionai mpmses to vatious stimuü. 

Differaices betweai the basal transcliptid activity of various a a m n s  may also be 

refiectdbydistinctbasaliyexpessed~. Asidefiantheimplicationsofbasally 

expnsed nuclear paeino for nnaaial function, this phenomenon might also be technically 

expioited. I m m w v e  nuclei d d  serve as a useful standad in double-labelhg 

immuaohisiochemisiry to dkectly assess the pnopDaions of nauars srpies9ng aha nuclear 

or cytaplasmic antigens. 

~anof thesepote insmaypmvideaweful todtoaeMneneumial  

respaues and inmaaiam in pamO1ogy. For exampIe, naws appear to play important 

m1es in idkmmtq ne~panses including reguhtion of vascuhr responses, release of 

imrnu~)duiatory substances and conveying the sensation of pain (12). nie role of 

n a v a  in intesiuial ibflammatiolt is l e s  clear, in part due to the anatomid complexity of 

the hemtian snd the number of pdential immunomoâulstory suôitnas amtained in 

various subsets of these nemes (13). The sensation of pain during active inflammatory 



episodcs indiCata involvement of pnirriit nbw, ami vasaihr, mator and sacrcrory 

diohabPnaJthptofhdtindiprrheastrioiiglyaggestsihotENS WcmisIl&rtxlas 

d. It is as yet unclear how ny of the vatious aems rrspcnd ei- acutdy or 

chroaicPny to intbunmatay ewmts but such knowledge might aüow r a t i d  intavention to 

amtml symptoms and shaild M t a t e  asiasment of any active niirP1 caitniutim. 

ImrnUIlOhiSbChemical analysis of induciile nuclear o n a p k i n  expession may provide a 

tool to a k s s  theseissues inananimalmodelofintestinal -cm. 

The remainder of this chapter povides a more detaiîed descripion of the intestinal 

innervation. The i n m u i a r  d e s  of Myc, Fos and Jun poteins are amsidered and 

approaches to np1oit their expcssicm to ansùyze intestinal m e s  are outlined. F W y ,  the 

objectives of the meamh PrfOtmed to addnss thes possiiilities wül be ouüined. 

1.2 ~ImKFpcdionofthe lntest iaes  

AU divisions of the autcmomic nervais system @nrasympatheiic, sympllktic and 

entetic) amtribute to the quhtion of GI fiuicticms. Parasympathetic pce&angiionic fibres 

h m  ganul and sacral levek of the CNS projet to Mscaal targets via the vagus and plvic 

nerves, rrspciively (1). C d  parasympaihetc namnis in the dorsal vagai nucleus 

O suWiaphRmetic Gl stnicturrs includuig the stomach, piincrras and the srmll  and 

large intgsbes. Sacral p a q m p W i c  neumis in the infennediolateral cdl d u m n  of 

sacial levels (the ex2ct levels of p~~s~sympathctic anci sympathetic neumns within the 

spinai cord may vpsr slightly in different animais) innrvate the peivic ganglia where post 

ganghic n a u a i s  catinue to pelvic agans including the desmding colon and rectum. 



Bothpwd~giiaiicnam~~mo~toftheir~bynleasofAChwludi 

acts at mcodinc mœpmn of post~giionic anci entmc namins and at musclrgiic ACh 

mqtm of visaral smooth muscie. 

Sympntheiic pgangiicmic naanns in the he intemedia of W most cacvdal 

d c a l  leinls to uppa lumbar segments of the spinaï coid a f f i  subdiaphiamatc GI 

targets via p r @ e c t j ~  to sympPtheic pcvatEbral &aa& (a s d  amount of the GI 

bervation by synipathetic nemm occitrs via spnal pro~~ections to the paravertebrai chah 

gangiiq 4,5,14). The -or mesenferid celiac gangiion amplex (SMG/CG), located 

bezweetl the bmciqmhts of the superior niesenteric and celiac arteries fiom the aorta, 

contaias pmîgangiionic nwmnis that pmject to the upper gui including the stomac1i. smaü 

intestine and proximal colon. nie inferor mesenteric ganglion (MG) sumnuds the 

iderior mesenteric artery at its bmchpoiat h m  the a ~ a a  and nauais in the M G  pmject 

to the louer large intestin. Symplthetic postgangiicmic neurais are a h  present in smaïî 

ganglia almg the intetmesenteric nerve k t  anuieds the SMGICG to tbe MGy and a smaiî 

number of choiÏnergk n w a i s  al= rieside in the IMG (15). Guinea pigs appear to be 

unique in that thar proximal colon also contains about 10,000 sympathetic neurcms (16). 

Although the spinal input to sympktic ganpiia is pdominantly chdinagic, a 

variety of nemadve substances have a h  been f d  in these nava, incloding 

enkphabs, sut)- P (SP), luteininng tKmmnerieI&g hamicnie and nauoansin 

~eunnis in the pertebral ganglia but neulopeptides are a h  colocalized in many of these 

neuruns in a projection speafic manner. In the guinea pig SMGICGy neucOpeptide Y is 



cmtained in naima~ pqjechg to intabiinl blood vesds (NA/NPY nanms) and 

somaiostatia i s  amtpmsd in pcSsaiau to the ente& suômucosal pinus (N"/SOM 

n a u o i i s ) w h i l e n o n a n i p p c p t i d e s h a v e ~ i i f a n d ~ J y m p a t h c t i c ~ t o t h e  

myenteric p l n u  of the ENS (NA/- nauais; 17-23). H~wever? the stbsets and projections 

ofnaimisintheIMGhaveaotb&RascIeady~. 

'Lherr W boch amsiderable d i .  and anvergerice of preganpiicmic inputs to 

the sympathetc m r a l  gangiia. The ratio of prc- to po5t&an@onic namnis may range 

h m  1:2 to 1:3 (9. Convergeme of these inputs bas been demaistatal by stimulation of 

centrai projections which eücîts multiple post-synaptic events in indmdual ganglionic 

neurons. In addition to inputs from the CNS and neighbouring gangiia, pffveRef,tal 

ganglia also d v e  convergent inputs h m  myenteric newioris within the Wall of the gut 

(24-36). Popdations of myenderic nairais withm the disFal colon to the IMG and 

SMG/CG whiîe myenteric neurons in more proximal intesDines pmject mostly ro the 

SMWCG. niese fibres are choÜnerpic but they also cairain a h e t y  of nemp@iQes 

including nisoecbive intesbinal polypeptide (VIP). uideed? aiteric afkrmt fibres are iikely 

~ ~ t i t i e m a j ~ s a u a o f a d a i s e V I P n b r e n e i w o l k t h a t i s ~ t i a l l y l s s o c i a a d  

with NAlSOM and NA/- neunnis in pNertebral ganglia (21,2628). Anocher input to the 

sympathe(ic prrvatcbrai gangiia may be pwYlcd by collaterats of pemaSr afferient fibres 

ttiat folow sympathetic paihways to the gut (33,35,37-39). In kt, the CNS is beîiwed to 

supp1y a toaic drive to these gangiia but their slctivity is M y  to reflect integration of input 

frwi dvse various muces (5). 



Somedistincticmis~pperratamiagpcimarypffaatfibrrsinchevisow~isthey 

a o c o m p a n y e i t h a ~ a n d s y n p a t h e t i c n a n s u d  temhate at simibr bels  in 

the CNS. Afferrnt fibra that idbw vagai and plvPc poaiways may subsave any of a 

variety of difhnt s e m q  modalities, includmg pain, rnd provide the afkmt ümb of 

many gut rr0a*i (40). Himever, most or aU of Che a&rent fibre in sympatktic m e s  

are unmyelinated or thinly mydinatsd fibres thpt are bdmd to Save nociaptïve 

fuictioriso ladeed, thest fibres are sensitive to capsaicin, the pungent ataact of ha peppers 

ihat acutely accivaies and chnwiicaliy i n h i i  paiphaal nocicepive fibres Ui otha tissues 

(40,41). ?bey are believed to Rspad to noious and/or high thneshald mechamsensory 

stimuli (5,33) and Mght mm'bufe to the sensation of vismal pain. Morwver, functionai 

axon collaterals of those sympathetic afferent fiô~ies may also pmject to the ENS and 

prevertebral gangiia (33,35,37-39) and so activation of these nems may also reflexiy alter 

periphanl m o u s  activity hkpemhtly of its ef#x& in the CNS. niese fibres also 

&ect to SubmucOSal vYcukauc and may mediate acute vascuîar feqmses by releasing 

immunorradive f i b ~  netwodr in the abdominal sympatMic gangiia may be aitirely 

compesad of axm coUatemIs h m  sppaktîc m t  fibres to the visara (37,38). 

1.3 ~ ~ O f t b e I S t e s l t i a e s  

The iMmraalian GI tract has its own intrinsic wrvous system, the ENS, with 

neurons cmtained within two major gangüaiued plexuses (2). nie myenteric plexus 

includes an extasively interrrnuiected netwak of ganglia and fibres betwcen ttie outer 
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longituâinai and w ciiailu muscle l a .  Various nibsns of myenferic neuiais projezt 

Myerioeric gangiia zue au0 eaemively with the submucosll plexus in the 

submucose The submucosal plenu a h  amtains ganglia and many of these 

nemms innervaa inmiinal blood wssels a extend pocesries to subepithelial sites. 

Neuims shaie the entiieric plnus kyers with numemus giia that envdope much of the 

mes (42). The morphology and antigen eqmsion of enteric glia appeam to moie closely 

riesemble CNS astroglia than periphed Schwann ails (43). These giia may pwi& irophic 

and metabolic support fa enteric neuiioos and rnay also p m ~ n t  gangiicm infiltration by 

-BE tells and lymphocytes that circulate thruugh these layers (44). In kt, the 

close anaîornicai rielatiOIlShips behmen the oervws and immune systems in these layers 

suggest that cqpmity also arists for nairoimmune interactions aithough the nature and 

implications of such intemcths are not hiown. 

As mentiwd above, the ENS amtains circuits of sensory, intemunciai and efféctoc 

neimins that *in mdaîe iadepadait reflex irgubticm of gut fwction. Neurogenic e&ts 

in isolated intestines of mectianicaî or elBCtricai stimulatim incIude asanding u m W e  

and Qscading mhiiitory Ictivities, @ly indicating Ictivatiaa of one or more intrinsic 

circuits tbat undedy dirrctional transit (2). Much of the excitatory mteric innenmtion is 

choÜnagic, and ACh bas a weii ncogniasd mle in ENS fiuictions, but a wide variety of 

newwive wbsbmas sue also syntheskd in the ENS including SP, NPY, SOM, VIP, 

serotch, opioid peptides Pnd nitric oxide (3). SP may be contained in intrinsic sensory 

neumns in both planises, whüe many nemms with VIP and/= neuronal nitric oxide 



synthase (Na) k k  AC% and pobably inhiit vasdar and visaial smooth muscle activity 

9945,449. 

blaitificotcm of mechaiiicaiiy s e n s q  nanms has bem contrwvdai; these 

cellsniay~inbothdiemycnfaicandsubrnucOgalpiexwe~butthetissuedistorti~tl 

nquirrd for activaficm of aidi neimns piecludes simultaneous dectrophysi01ogicaï 

d g  h m  these cdls. It is possi'ble that dinérent sensmy mOQlities an subserved by 

discreb neumial pop iahs  as, for example, myenteric sensory neurcms andor couatenls 

of paimary atrénnt nbns are belicved to respcmd to intestinal distension while submucosal 

sensory neumis rnay nspond pférentially to vüius disbrtim (39,47). Nwertheless, the 

pathways used byeachofthesEsiimuüapparto~~~lvergeon seconâorderneuralelemetlts 

in the myenteric plexus (47). Putative myaitac sensory neunms were originally ciadied 

as such due m the lack of demaiarable piesynaptic inputs (47) although subsequent studies 

have demcmstrated some post-synapic potentiais in üiese d i s  (2). Putative submucosal 

sensay namms have ken reponsd cm the basis of activity-relateiri upalrt of fluoresœnt dye 

(49) aad aciivity-datd C-FOS -011 (= kbw). 

A notable féahue of the ENS is the plasbicity of this network. Nautwis 

establish and maintain hnctional d o n s  despite exmisive intestinal motility and 

turnover of some mget tissues. Disniptim of m g  motor activity by intestinal 

transectiai can be npahd, paumably by regenmation of fiinctioiral aiteric newe circuits 

(50). niis mtrasts with CNS neuirnis that usually exhibit very limiteci regmwth of 

fllnctid anuiecicms. SubmuuW n a a a i s  can also rrspond to extrinsic denervation by 

increasbg VIF and SP-immuminactive nerves almg the submucosal vasculature (51). 



Chronic obstruction of the rat ileum (53) and nprimaitaüy-induad i d h u m t h  (54) also 

haeme VIP-Unm-ty 'IR) in myendetic aamnw althaigh it is not cky ihis 

~flects inapsal or noxait npnssian by thse nm ah. Enferic naves may also 

negativdy tegulatc giow(h of simauidllig tissues as many of those tissues brne 

hypertropbic whai enmic nems ine absmt (44,55,56). 

1.4 ImmedMeEsrlyGeœEwpssioainNauwi~ 

&pre&m of mducible immediaD eariy gaies in n e m s  Lias pmvided a potentially 

vaiuabk -ta1 &ml to analyze nauaial iespaises, The trandption f'actors encaled 

by those gaies are also Wely to fundamentally alter the transcriptional activity of celis. 

NeverthelesS. the arpreSgon of some of these proteins may be regulated quite d i f f i t l y  , 

Pemaps re£îecting unique hdnsccpticmai abilities or requireinents of various neurcms. 

Dcspite the intaise meamh i n i W  by the demcmstration of mumai c-fa 

expsion, them currently exists few reports of naumal srplession of the c-myc gene in 

addt tissues. Fduc t s  of the c-myc gene are also predominantly nuclar phosphopm<eins 

d i a t m t i i n m o t i f s f o u n d i n o c h e r ~ ~ p t i 0 1 1 5 Ù i e g u h r r A s a n d t h e y a n a l s o  

believed to Save that fimctim (57). C-Myc proteins fomi hesiodimers with the smaller 

Max prOtàn ud sssaciaa with speQnc DNA sequemes (58), and mget genes for 

c-Myc regdation have bem repated (59). ûn the other hand, otha studies have alro 

mported d e s  for c-Myc in post - t ranbpt id  regukton (60) and DNA synthesis (61), 



and~otheîtpmtcnumaysrreaVanetyofrdes. 

Most peviau imrestigatim of namioplly apcssed c-myc have b&n focusai on 

deveîopmentai events, and c-myc -A has bem faad in poüféiptive neuronal 

Pnqgaiitm (62) and tran9eritly in some ~~ namnis (63). While c-myc mRNA 

is vîrtuaUy imdetectabie in the CNS of duit animais (64), modest inamses can be induced 

in muromDy dEffemtiatd X I 2  œiis by ACh rsepor stimulation (65). However, no 

studies bave prviauy aamined c-myc exprrssion in the ENS of any animal. In fàct, 

substantial exprrssion of c-myc has bcai rrpohd in the intestuies of ad& miœ (66). 

althaigh almon ceriainly =me of this ocairs in the mucosa (67). 

The c-fa gaie is die prowypicai ?EG whose expnssion in neurons has been most 

widely rrported. It aicodes a nuclair phosphopo9in whose synthesis is transiently induced 

in a wide va* of cd types in respnse to a wide winy of otimuii (6.11). Although a 

d e  for the c-fos gene in ceil &sion was Oaginally suggested by its homology to the virai 

traasfimnîng magerie v-fôs, it is naw clear that the c-Fos protein participates in a diversity 

of cellulat pnrzsses. In faa, âctivity-nelated c-fos wu first demonsadted in neuraially 

diftèmtiatcul PC12 ceils hflowing deqolaripng stimulation and activation of nicoiinic ACh 

reœpûxs (6,68). This was san foillomd by demonsttatims of c-Fm-IR in neimnis of 

trans-synapricaüy activami CNS pethways (69,7ü). Durhg the course of these 

investigations, it was dUCoKRd thai the c-Fos pmain wls a constituent of the 

ümsd@orial activatm prc&in-l (AP-1)(10). Furthamac, anottia nuc1ear 

oncogeae pduct, C-.un, wu found to fam hetaodllners with c-Fos or homOdirnezS with 

other C-Jun molecules haî bind the consensus AP-1 DNA ~6queaœ. The dimery  of other 



membaJ of& Fos M y  (Fra4, F d ,  F d )  and the Jun tiaiily @unB, JiniD) has Id to 

the nimat view that AP-1 is not a static aitity but actualiy nprrsnts an equiliium of 

various Jm family hanodimas Pnd FOS/Jun &taodimeis (11). 

nielcvdsof~Mty~uiredfacFosindiiCti011pppaustovarywidelyarong 

cliflièrent gmps of neurcms. For examp1e, tranrya;iptic induction of c-FoslR ia the dorsal 

hom d the spinal c d  riequiries noxious lads of stimulation, and evm this nüs to induce 

c-Fos in namns of thedorsal motgangliawhose obrrs convey the signais C10.71). On the 

other hanci, d g  drcadian rhythmns with fLshes of light is dcient  to induce c-fos 

widim supradiiasrmtic n a m n s  in the hypothaiamus ('72) and this is seemingiy an innocuous 

Samulus. In the ENS, fceduig was recently shovm to be suffîcierit to stimuhte the 

-on of c-fos mRNA in enteric nanais of the rat stomadi (73), but it is not yet clear 

if physiologicai stimuli are d c i m t  to stimulate detatable leveis of c-Fos protein in the 

intestinal ENS. 

CharacterisSi- of arpession of these nucIear aiooproains rmy also reveal distinct 

intraceltular v. L CNS neunnis, kvds of C-lun, but W C-FOS, m o ~  

mpmsive to ~ 0 1 1 s  of mzvdtarget interaictiacis that eiicit regenerative and 

degenerative changes (74). Morwver, this respaise is Justained untü v w t h  is complete 

in some n a u m s  that have the capacity to qenerate, but is ody transient in those with 

more limited po(aiiial Cor qrowth ('75). Inferestuigiy, s ~ m e  CNS neumns degaierate 

Eoiiowing ax-y and c-Jun may also have a mie in ibpt paey ('76). H m ,  nemmaî 

activafion of anotha Jun-My potEin, JimB, o b  paralles tbat of c-Fos Cn) but has n a  

ben sramined in the ENS or sympktic gangiia. 



'IhtiargenimbaofCNSandpeziphaalnamnu thatancapableofexpresoingc- 

Fos wggests that these nucleu pmbins play hqortant mks in the nemous system. 

NevettbeIess,tnaemksanlilelybbedistna~di&raitpopulati~ofneurons. For 

example, c-Fos rmy heip b regulate -011 of tyionne hydioxyîase aqirrssim in 

~ ~ a a a a i s ~ ) a l ~ c - F o s n p a s i m i s n a I i m i f e d t o t h o s e n e i m n s .  

Moream, qmthdmld  Prauiation of Fos and Jun in the spUial card elicited 

by noxious stimuiatim (79) anâ in the hippocpnpis elicited by chemically-indwjed seizure 

(W), is fioIIOW6d by dramaticaily inaeascd expessicm of pnmkqhh. The kinetics of 

this respmse are ccasisieat with a mle for Fos and Jun potQns acting at a amsensus AP-1 

binding site in the prr,m~fef of the poenhephPlin gaie. However, no oeiaal deficits have 

yet been desahl  in transgenic mice in which the c-f6s gaie has bcai 'IQKK:ked outm (81), 

and so tfu importuice of c-Fos in neurcms is l e s  clear. This is Iüoely due, at least in part, 

to the amsiderable redundwcy that may be affozded by homologous Fos M y  proteins. 

Interestingiy, the FosB poteùi has ready  been shown tu have even mon specialized 

expessicm and functiwns in the CNS (8). This praein is aqrnssed ainstitutively in some 

CNS namms and is induced in others by nurturing beha;viour. Mo~i~over, in FosB hiock 

out mice, numràng behviaD is d y  inhibiteri and p q s  ban to these animais suffa 

considerabIe infant moriaüty. Therefixe, exprrsSm of same of these proteins may be quite 

variable in dinemit neumnal popdations and may also be indispaisible for normal 

fiuictim. 

When this worL was initiaILy undemkcn, oniy one pnvious shdy had examined c- 

Fos-ïR to analyze the cix'cuitry of the ENS of the guinea pig üeum (82). Kirchgessier and 



ber cdleggues r e p î d  that villus dhtortîon rtivatal c-Fos-IR in ente& aarmns of isolateil 

guinea pig ikum that was resüictad to subrnwmî a m a y  aairons w b  hexamertioriiurn 

bloclœdssaadarynnnaian~pmss. This~tsanappuaitdi&iauzfromspinal 

affidat aamms, whae aaivitydepemht c-Fos apnssion has not bem found (7ü) but the 

activatiaa of submucosPl sensay namnis was a h  inhi'bifed by a semmh rrcepa 

antagonistindicatingan ~ 1 i e s p 0 1 1 W o  mechammsory stimufatiori. Mo~aver, it was 

not yet clear if a i l  subsets of aitaic andlm symplthetic namnis couid express activity- 

related c-Fos In fâct, many c-Fm-IR ceiis in cholem toxin-treated positive mtrd 

pRparations h m  that study were not c l d y  identSable as naums. The posibility that 

glia express c-Fos-IR had not y& kai addnsed. 

Fos-iike pmceins have sBne bem repmted to be induceci in the ENS by extrinsic 

denervation (83). perhaps seflecting a molecuiar mechani3.m undedyiag the more chraiic 

effécts of that heabnent (se above). Activation of c-Jun-IR has also beai qmkd in 

isolatpli segments of guinea pig ileum Urubated with colchicine to b k k  axorral transport 

(54). EEeiice, aiteric neurcms am M y  to have the appcity PD express a vatiety of IEGs, 

but this phaiomnai has ye$ to be fulîy c h m c m h d  in thc ENS. 

Despitetbtfsctthatfieuiaralc-Fo~arprrssian was~demorisbafedinœiîs witha 

sympathetic poagangîionic pbenotype (6S.68). relatively tèw shdies have ya eJrammed its 

expesJion in sympiitbetic ganglia and no demonsttation of its Expression had yet ken 

shown in the abdomid pertebrai gangiia nie suplior CaYicai (sympathetic) ganglion 

of young rats express boih c-Jm-IR, f d  within dying neurons, and Fos-likp.IR in 

seerningiy healthy neumns (63). nie c-fa message is also iK.xeascd in these ganglia with 



haead age (85), ad Fotiîik anbgem can a b  be induCod by n b h e  aûmuustraa 
. '  'cm in 

that gangkm (86). However, it is not clcsr whcbier any of these 0bSeNations involved 

transynaptic inductiai Md, gMn the neunichernical diffenaas betuem sympathetc 

newons in pmmrtebtal and pmrtebral ganglia (4,5), it is also mt clear if any of those 

observations ase devant to the pmertebeat ganglia. 

1.5 Intestinal~~~iaIiiilanimation 

liiaammation nepesa6 a nonnaiiy *limiting response to such insuits as 

pathogens or tissue damage. H-er, ï d h m t o q  wents can axw ùiappropriately or 

be inefficiently amtrolled nsulting in mon damage to the tissuc than was afforcc6d by the 

initial stimulus. A d e  for m e s  in inflammaticm of rùm tissues has b&n established (12) 

but the d e  of nems in viserai inflammation is les ciear. For example, it is not clear if 

anatoinimi abaonnalitiies of intebai nexves rcpor$d in baud diseases 

@iDs)sretbe*uiseorefnnoffiinctiddisairbanasincl~gac~teepsodes withpain, 

hemorrtilging and diiintiea (13). 

The sensation of pein is mdiaied by thiniy mydinatal or unmyehated, small 

diamaa 1&rrnt fMs, Smüar to those that accompany sympaChetic nava to the gut 

(12,18). The saisation of pain in IBDs suggests that pain sensitive a&rait pathways may 

be S e a S i ~ ,  as PlSO OCCUIS in hyperaigesia lssaclltal with other tissues. Activation of 

these naves may also have efkmt &ds by local release of intkmmaFory mdiatm such 

as SP and CGRP k m  per@hed naw temiùials (12). This is lilUe1y to contniute to local 

inaammaticm, and release of these peptides h m  primary afEwnt axai collaterals might 



1.6 Objedives 

This @y was undeaahn to examine the atprespiai of c-Myc, c-Fos, c-Jun and 

JunB in enteric aeuroos and in sympathetic neurolis of the MG. nie hypothms underiying 

this work mis that analysis of the expression of these protans caild be exploitai to examine 

anafornical and W o n a l  aspects of the hiestinal m e s .  nie guinea pig was chosen for 

most of thac shidieJ because, as d i s c d  above, it is the best charaicterized anUrial model 

of the ENS and p e r t e b r a l  ganglia, and this &ce also aiiowed a diied cornparison with 

the pmrious repoit of c-Fos npRssion in the ENS. Howrm, tisues fmm some other 

marnmatian species wae examimû whai agpq&eœ nie characteristics of c-Myc 

antigens were examiaed fmt, including thQr pressce in mteric wuiais, th& size, their 

stability, and and pmenœ in a a g e  of mYnmallln spcies ( C m  3). The range of 

entaEc neurcms arpessiqg constitutive c-Myc and c-Fos antigens in the gulliea pig ileum 

was examinal and tbeir wefiilness as neuroanatomicai marlms in double-labelhg 

imm-hemistry was wmrd (Chapter 4). Activity-depenQnt expression of c-Fos, 

c-Jun and JunB was also analyzed in the ileum of îhese animais, including the propensity of 



variausubsaPto~thcsclarigauandrnircaidi~~thstPlradthatexpessim 

(Chapar5). niedwmicrlaamniiaomiydtheIMGwasthaierrarmned(~6)asa 

basis for SUbsEquent sîudies to in- aprcsSiai of the nuckar aropiOtans within 

sympat&tic and enlrgc nans in acute inaammation (Chapar 7). 





2.1 Animal Stuclies 

niepiiineapigwpsusedformostoflhiswodr~u~e,asoutlinedh~hapterl, it 

is the best chPaaaiaed animai maki of aite& and smipnthetic nerves, but tissues 

obtained f icm other animais wae also usad fa analysis of c-Myc expresdon (set chaper 

3). A toîai of 101 msk albino guinea pigs (2~ûûOg) wen used thmghout these studies. 

Animais were kiiled by over&se with sodium pentobarbitone (Somotol, MTC 

Phmmcaticals, canada., >mgkg, Lp.) or anesUietued with halothane (4% in Q) and 

exsanguiaaaed. AU praxîures patORned were appîwed by the University of Caigary 

Animal Care Committee and wae d u c î e d  occordiqg to the guideiines established by the 

CanadianCowicilonAninalcare. 

23 TiPsueRepPnabis 

IiifesSines wen opaied almg ttie mesenteric borda and nXd by ovemight 

immersion in Zamboiii's fixative (2% padiannaldehyde in picric acid, 4 O C )  or 4% 

parafofmadehyde. After ARaSng in phoqhtebuffered saüne (Pm), picric acid was deareci 



h m  saae Zambooi's tixsd gut tissues by immasiai in dimethylsulfortide and Jubsepuerit 

rinses in PBS (3 X l(knin &) and this substantiaüy improvcd labehg by anti-Myc 033 

(see TPMe 1 and cbspas 3,4). AU tissues fa sctioning wem rinsd, dehydmted in PBS 

amtainhg 20% sucn>st, munted in tissue îek, nOaai in 2-mabylbutw at -WC, and 12- 

14pm ayostat sections were m~llllted cm slides niaird with pdy-D-lysine. 

Whiled~ll~snusdultoaaminestnneintesbjnaltissues, thesmallnumberof 

neums in any givm d o n  limù its usehilnesJ fa that purpose. However, the larninar 

struchme of the intesthes also aiiows iaminar pnperations amtagiing the myeriteric plenis, 

which remains adherrnt to the lcmgïtudinal muscie, and the submucosal plexus, umtained 

within the a i b r n d  la., to be physially dia+citd from the inOestines of srnaller 

anim?ls (587). ni*r &ed 'whdc mount peParaticmsw (whole mowits) are p q m d  

by stretching and pinning the opnsd intesthes, witb mucosi side up, cm Petri dishes coated 

with Sylgard. @ow (=oniiog) in PBS ammUIing 0.1pM nifedpine to block calcium- 

activafedsmoothmuscle~fractiori. Wbdemounts*inalsobeâhectdwithforceps 

h m  live tissues, as has barn dcme peviously for electrophysiologicai analys (see chapter 

1) or in the present shdy for biochemicai analysis (se chapter 3). In most of this work, 

tissues wae f b d  and Snssd pria to dissscbioa of whde mounts for i m m m h e m i s û y  

as descnbed below. 

Analysis of nuclear oxmpmeh arpaSio11 was pdormed by 

immUllOhiSfOCheMstry for thrre major reiwas: fh t ,  this dowed for combination with 



neuLOchemicai analysis in double-and tripialpbeniag iman- (see ôeiow); 

sscad, tbe n u c k  lOcalj2ation of the pocrinS gnatly ikciîitates asesment of the numbers 

ofbbentdœils;Mdttind, tbeapaisepdreagentswae~le. 

Immunohisiochemistry Q a technique thpt exploits the spsaficity of antibody-antigen 

binduig to iwcal the histological d o r  intracellular distribution of a giwn antigm (88). 

A n h i e s  are poducsd by dîfkmtiated cbnes of B celis, d d  ta as piasma œlh, and 

provide a vitPl composent of îhe humorai immune riesponse (89). These mo1ecules have 

conszved domains that arie similar to that of al1 other anti'badies and that interact with d e r  

components of the host immune systwn. In addition, antibodies have domains that interact 

with f d g n  bodies, or antigeru, and the stmtms of this domain ciiffers among diffêrent 

p h m a  œil claies. "Polycld' antibodies, so caiied because tky are produced by a 

Meety of plasma c d  claies withîn the secondary host and bind multiple @topes of a given 

antigen, are produced by immmhaticm of a host animal and subsequent purification h m  

its senim. Alteniativeiy, molloclonal primary a n t i i e s  can be poduced by antigen 

-011 of fùsed spleeri and tu- œiis which yieids hybridoma celis that ~arae 

antibodies of a single epitope spscincity. nie specincity of kbelliag can o h  be tested by 

pRabsorpticm of the anbcbody with excess of îbe cugnate antigen to competitively inhibit 

speafic antibody-antigm interactions. TecMcally, n c q x d i c  intaactiais of the antibody 

with the tissue can oflm be competitively h i t e d  by inclusion of nonspecifîc ptoteins or 

sera. 

For inunmheniistry,  tissues an U r u M  in primary antibodies, specific for 

the antigen of inmest, widcr empirically dekmhed OOIlClitions that aiiow antibody-antigen 



intenctws. While diirct immunohistoe&mistry quires that the pIimuy anhibodies be 

conjug4tal to a cka%ibie mouty, iadirsct immunolias9ahemistry empbys a secoaQry 

ant i iy ,  p m d d  by Unmmhation of tfr 'swo&q" host with immuaogiobului of the 

"pMuryU host. Bcauise multiple scaday anhbody mo1eculeS can b i i  to a given 

@my antibody moleCule (se Mm), any deWable signal is furthec amplified by this 

indirst mtbod. The samdaq anti'body is usuaiîy amjugaied either OD enzymes. whose 

pnsenœ can be asesseû with histological reactions. or to fluomchnmies that can be 

detectd by uitravio1et light-induœd emission of visible fluorescaice. This latter technique 

has the advanfage thpt Inbdüag in a given tissue by twn or thise pri- a n t i i e s ,  raised 

in differmt Speges, can be ddeasd by @es-specific secondary antibodies wnjugated to 

distinct fluo~iochromes with characteristic absorption and emission spcha. Thus. in 

"doublc" or "triple-labelled" tissues, the disüi'butim of as rnany as antigens can be 

anaiyzeû simultaneously with appropriaP finniescence rnicmap fiiters. 

In the presait study, fixed tissues ~ s c d  in PBS containing 0.1% Trim X-100 

(Pm-Tntai, daagent it addcd permeabîize tissue membranes) and incubateû ovemight in 

primary antibodies in solution containhg PBS-Triton, bovine saum albumin (lrng/rnl), 

sodium ethy1diniethyIteüafettaacetate (a Ca++ chelata, O.Smg/ml)) and -01% NaN, (a 

pmemtie, 0.4mg/ml). Commercially avpüable @mry ant'bûlies pable 2.1) were 

obtained naa NCYeCg Repoaitary (Camdai, NI), Amaican Type culture Collection 

(Rocidle, MD), Cambridge Biochemicals (Cambridge, MA), Santa C m  Biotechnology 

Inc. (Santa Cruz, CA), Eugene Tech (Ridgefieid Park, NI), Polysciaices (Warrington, 

PA), Chemicon gemecula, CA), UitraCIone (Ide of Wight, UK), Peninsula Lahaîmies, 



Lac. (Relmant, CA) and Sigma Immunochemicals (St. Louis, MO). Otha primvy 

an- Pabk 2.1) uere M y  pwided by Dn. J.H. Welsh, J.H. Rogers, KT. 

Riabowol, R. Bravo, B. Maya and the Medicai C o u d  of Caniula Regulatory 

Peptide Gmup, Deprabnent of niysiology, University of British Colmb'u The isotype of 

aii polyc ld  and I I IOIKK:~~ antibodies was 1 6  Tissues mn then riwd in PBS-Triton 

(3 X IlOmin) befoiie incubation in secdary anti'bodies (lh, rann temperciture). 

Secondary antibodies urrd were: gopt anti-mouse IgG c0njugat-d to 0- 

isothi- q or tetramethyIrtiodamine isothi- (Incsiat, 

Stillwater, MN); goat anti-rabbit amjugated to E.Tz13 (Incs$r); shtcp anti-rabbit or anti- 

mouse conjugatcd to CY3 (Sigma Immunachemicals, St. Louis, MO); dcmkey anti-rat 

conjugated to FITC (Jacksari UnmunoRestarch Lab. Inc., West Gmve, PA, USA; 712-165- 

150); donkey anti-mouse amjugakxi to amhoinethyl~~~cnaùn (Jackson). For double- and 

triple-labelling protach, both the paimary and Jgmdary antibody cornbinaticms wexe 

mixed @or to use. T"1siues were then ~ s d  again, manted on siides in phosphate- 

bufEezBd giyoaol (pH 8.6) and anal@ with a Zeiss Axioplan fl- mic~osc~pe 

with appmpriate filteJ and photognphed using Kaiak TMax 400 ASA film. 



1 NCI -033 

1 NSE 

NPY Rat 1:500 

SOM Rabbit 1: 1000 

Abb rwiatioas: TH, tyrosine hydroxylase; NSE, namn Jpecific enola~e; PGP 9.5, potein 
gene pmduct 9.5; VIP, Msoactive intestinal polypeptide; NPY, neiitopepti& Y; SOM, 
somatoStatin; NOS, nitric onde synthase; UBC, University of British Columbia. 



CHAPTERTEREE 

C-MYC ANTIGENS IN THE WMMALUN ENTERIC NERVOUS SYSTEM. 



asnociatEd with cdl tm&mWicm and aimarjgenesis (mriewcb in 937). &spite a shong 

correktiai betwem the erpasicm of c-myc Pnd d cyde events, severai examples of the 

dissociaficm of c-rnyc nprrssion and miwic events have bem descci'bed (63,65,9092). 

For example, recepm activaton elMa madest inaeas*l of c-myc üan&pts in some 

neurons (65). While c-myc mRNA is negligiile in the adult centrai nrvous system (CNS) 

(93), expression of myc-rielated gaes in the CNS includes that of Bmyc @ah myc) (94). 

C-Myc pmteins rnay be more *le in quiexent œiis (95). possi'bly incluâing pst-mitotic 

neunnu, and so dderab le  levels of c-Myc po<eins in diose ceils need not even be 

accornpenied by abuadant c-myc tnrndpts. 

nie enteric nervous sysfem (ENS), including the ganglicmaîed myenferic and 

submwosal plexuses of the intestines, amtains n a m n s  whose development and 

enviioamait are distuict h m  CNS neurais (2). Hower, the - d a n  of c-Myc had 

not pRviousiy bmi nportal in any peziphaal neurcms of matm animals. in k t ,  

expression of the c-myc gaie in fulI thickness segrneri& of Uifestiries persisrP into adulthcuxi 

(64,66), and whüe mme almost ariainly Ogginates in the mucosa (67,9&101), the 

eqmsion of c-Myc pabins in the ente& n a ~ w  s y m  (ENS) had nat been erramuied. 

Ant'bodies are! an hvaluabIe tool fot determination of po<an expession (see 

Chapa 2) and sevd  monoclonal a n t i d y c  a n a i e s  are commercially anülble. This 

study was uncktaken to examine the prrsence and some pmperties of c-Myc antigens 



amtained in the ENS. 

3.2 Hypaesk 

C-Myc pm&ins will be m i e  in the ENS. Ti& identity would be m p x k d  

by dernonsbaticm with a mnge of pntibodia and in a range of species. niey might also be 

expectd b shan some charaaetistics? mdudng size and Scability? with c-Myc @s in 

atieastsomeotherœîis. 

3.3 M;eUio&andM9iSeriiils 

3.3a A n ù m & u n d ~  

C-Myc imm-vity (IR) was sramined in the ileum and colon of 12 male 

albino gulliea pigs (wr750g) and 3 duit d e  Spmgue-Dawley rats (wr5oOp, Charies 

River). Animais were either werdosed with sodium pntaùarbitorie (10 animais), 

anesthetized with halothane (1 animal) or stMnrd (1 animai) md exsanguinated, the ileum 

andcolaiwerenmaved, StnWmiandpnnSd for~cmofwhdemoimis  (scechapter 

2) and nxed ovehght with Zamôoni's nxatiVe, or fixed without stretching fa cryostat 

secfim. Pisces of ilcumand alon warobtainedpost mortem (<20 min) frmn aie male 

dog and one kmale shtep, as wdl as a pkœ of ikum h n  one male Cynomolgus markey 

( M m  f~~Ciè&?ik). A smPll phce ( d m  margin) of full thiclaiess, grossly nomial, 

human coicm nmovsd at surgery (khïîy poMdsd by Dr. R.M. Pnshaw) was also 

enamined. One guinea pig was pemisrd theough the heart with Krrb's solution (2OOmf) 

follwd by Zambonies fixative (MOml) befm the brain and spinal cord were removed and 



fixed by overnight immersion in the same fixatEve. Wbole maints of the aiteric plexus 

kyers dispcdcd fbm guïnea pigs, mts, Md mailtey, and cryoJlIit -011s ( 1 2 ~ )  of ai l  

tisJueswae~forimmundin'stochcmisbyas~h~2. 

3.3b AnrflmrbIaanl- 

MuEne momc1onai antibodies raiseû apbst peptides represaitirig distinct regions 

of the human c-Myc pmteh were used to examine the presenœ of c-Myc-IR in the ENS 

(se aiso Tabie 2.1). Anti-MYC 9E10 (102) was misai against a peptide quence 

comqmdhg to residues 408-439 of the human c-Myc pmtein and was uscd as undjluted 

ceil culture medium fiom hybridoma alls Anti-MYC 070 was miscd against d d w s  171- 

188 and was used as ascites nuid (1:5000. Anti-MYC 904 and anti-MYC 033 were r a i d  

against &dues 42/43-55 and were ustd as hybridoma supeniatants or ascites fiuid (1500). 

On one whde mount of guinea pig ileum, double-labelling was pedmned ushg anti-MYC 

033 together with a rabbit antiserum against VaSDlECtiVe hiestinal peptide (VIP). (nie whole 

mount prepraticm of moniœy ileum was cmcwmtiy labdbd with both anti-MYC 033 and 

anti-MYC 904. 

3 . 3 ~  Asasmmt @Anngen fiabil@ 

!3egments of ileum ( h m  appromatdy 5-10 cm rwtrPl to the ileaad junction) 

wem nmovcd Ernn two guinea pigs and ineubattd in eitha oxygenated KRb's  luti ion (1 

segment- 1 h, 1 segmalt-3 h, 1 segment-4 h; aU at 370C) or ni Kreb's amtaining 1ûpg/ml 

cycldrenimide (as for Kreb's alone). Tissues mre then fked by Unmersion in Zamboni' s 



3.3d S p b c i P c r r v # ~ e i r  

In tbe control series fln anti-MYC û33, anti-MYC 070 and anti-MYC 904, tissues 

wece inaibatsa in the ptimary antibody pmbsorbsd wiih the cognate peptide (033 and 904, 

3wml diluted antibody; 070,0.5pg/d dilurd antibody). In ambois for labelling by anti- 

MYC 9E10, incubation in the primary a n t i i y  was omitteû. In addition, 

immUnOhiSfOChemicai d y s i s  of the guinea pig cerebellum and spinal ami mis performed 

in order to assess p0ssii.k cross-reactivity with antigens containeci in CNS namnis. 

3.3e ~ p r n ~ ~ c l t r ' o ~ ~ ~  of Radio-Labelled c-Mjc Amgens 

Lcmgitudinai musc1e/myenféric plexus and and muscle layen h m  

appmxhwely 10 cm segments of nesh guinea pig colon (han behMen 10-20 cm h m  the 

intemai anaî sphinaa) and üeum (hm betw&n 1 0  cm f h m  the i laœd jUIICfion) 

were disscdtd ad visual inspection caifimisd that m o ~ t  of the myenteric plexus remained 

attached to the lmgitudinai muscle. T i  were thai pmvided b Dr. Abn Gibsai for 

radiolabeiling, immumpecipitatiim and spination of c-Myc antigens by sodium dodecy1 

suifhte polyac~~iamiide gel ele*rophorrsis (SN-PAGB. Tissue pieces wefe inaibated at 

37'C for lh in medium mnFÿniag 1S2ûû p C i d  3s~-mthianine (Amashun, ûakviue, 

ûnt., Canada) or iabeî UCN Biochanials, Misgssauga, Ont,, Canada) and 

subsequent procedues are d e s c n i  in d d  elsewhere (103). Bnefly, Uiey were washed 

in ice wld PBS, homogenized, centnriiged at 12,ûûûX g fot 20 minutes and supematants 



were precleared with unband pmCm A-agame (Oibco BRL, Burlington, au., Canada) 

befon incubatioa with anti-MYC 070 (col& tissue), anti-MYC û33 Cileal tissue) or 

anhaodia peabaoibsd with thcir cognaoe peptida. Antibody-antigai complcra were 

prCapitat#l with patin A-- rabbit anti-mouse 1 ' .  washeâ, boibd in samp1e 

bu&r and ai 10% BiDRad Mini-polya~ylamide gels. Gels wen then 

pmœssed and exposai to Kodak X-ûmat film at -700C fOc 4-14 days. 

3.4 Resulls 

3-40 li?amd&adicnrisny 

Anti-MYC 033 labelied nwlei in wbole mounts of the myenteric plexus and the 

submucrws plexus in the ileum and coion of the guinea pig (Figs 3.1A,E, 3.2A.B). 

Aîthough Edint labelhg of snooth muscle nuclei was also evident in S6Ctions. this labelLing 

was obsamd in whok mounts by the tissue thiclaiess. Namnal nuclei were ais0 k U e d  

in the ENS of the rat (Figs 3.3E-F), âog (Fig 3.3D), shkp (imt shown) and the monloey 

ileum (Fig 3.3A). The nwleoli mn ofkm evident as unhbeUed regions of the nuclei (see 

Figs 3. lE, 3.2A,E, 3.3A,D,F). Enfeaic acuroas of the buman colon anerc Mt labded by 

this antibody (data nat shown). in aU cases, prcinnibatcm with the cognate peptide 

completely abolisbed laWling with anti-Myc û33 (me Fig 3.1B). lhis 





Ffgme 3.1 ~~ m k q q h s  of c-Myc-immullOneacfnriîy in whoie maunt 

prrpanitiais of the myeakric plexus (A-D) and submucous plexus (ES) of the giSneP pig 

ileurn. Labelüng of gangiïcmic nuclei by both mti-MYC a03 (A) and anti-MYC 070 (C) 

was abooshsd by pmhaption with their cognate peptides (B and D, iapscbiveiy). The 

sECs of nuciei iabebd by anai-MYC 033 O were less vaLiable than tbo6e labelled by anti- 

MYC 070 0. N d  nudei labelled by ami-MYC 070 appairrd more inansely siained 

than glia and other submuanis layer tells @) as weîi as laagitudinal muscle œlh (C). W e  

bars: m m .  





E&um 3.2 Fiuaesceace mkmgqh  of c - M y c - i m m w v i t y  in whde mount 

prepaWons of the guhea pig cdai (A*) and double iabdliog in the submwnu plexus of 

the gujnea pig ilaim @,m. Anti-MYC 070 Plso iabelîed myentenc namnir and glip (A), 

submwmd œwns and glia (C) as weli as the nudei of a s s a h t d  muscle alls (A) and 

othex submucous hyer tells (C). Labdling by anti-MYC 033 was riestrictai a, myentexic 

neurons (B) ad aadmucosal aaains 0). Double lPbelling with anti-MYC 033 0 and 

anti-VIP (FJ mieebd that c-Myc-Ure immurmedve neurais inclirricuI those that contain 

MP (anows). Scak bar: S û p .  





Figure 3.3 Fl- miniDgrapbs of c-Myc-immulldiieactivity in amde mount 

pnpaiatioas of the myenteric piexus of ihc maihey i b n  (AC), rrt ileum (EJ and rat 

d o n  (F) and in a d o n  d a  ilwn @). Anti-MYC 033 iabeüed nudei in tissues h m  

ai l  theae spcies (A,D-F). Anti-MYC 904 labellcd cytapiasmic smrturrs in e n e c  namnis 

of the maibey ileum (B) ihat were -1- in cdls hbellsd by anti-MYC 033 (C). 

Scaie bar: m m .  





Figum 3.4 Fbmamœ miaogr;ipiiJ of c - M y c - i m m m v i t y  in sections of the lumbar 

spinai cord (&B) and the myaiteric plenis of the human coion (C,D). Anti-MYC (n3 

onLy Wnquently labdled the q t q b m  of spinal cad aaaais (A, amow) whiie anti-MYC 

OM ldbdW mopi a all n d e i  in the spiiPI c d  (B). Cymphdc or cytoplasmic a d  

nuclear labeiüng of the human myeaferic pIexus by anti-MYC 070 (C) conmstd with the 

exclusiveîy nuclear hbelliag of these ceUs by anti-MYC 9ElO @). W e  bars: 5Qm. 



antîbody did not îabei ndear antigeris in the yincP pig eezebellwn (data not shown) or 

spnalcord(Fi ig3.4A)luhaigb~orial ly~stainingofneumns wasobserved 

inbothtissues. 

Anti-MYC 070 a b  labelled nuclear antigens in the ENS of the guinea pig (Figs 

3.1C,F, 3.2C,D) and sheep (data not shown). Nwlei of guinea pig Imgitudinal muscle 

ce& as weli as many cds in the s u b m d  layez wm also labelkd, althaigh this 

lahelliag lppaucd lesJ inteme t h  that within aie enteric gangiia (s& Figs 3.1C,F, 

3.2C,D). In sections of the human colon, this antibody lakllcd cytoplasmic or cytapiasmic 

and nuclear antigms in the myerimic plexus (Fig. 3 . Q  but faiied to labei antigens in the 

enteric ganglia of the rat, dog and monlay (data not shown). Anti-Myc 070 labellecl m a t  

or ail of the nuclei of ~e\mru and glia tlilaighout the guïnea pig œfebellum (dam not 

shown) and spinal cord (Fig 3.4B). AU labellùig was a b o W  by preincubatm with the 

cognate peptide (see Fig 3. LD) 

Anti-MYC 904 JabeUed only cytoplasmic stnrtures in the enteric ganglia of the 

monirey ileum (Fig 3.3B). Double hklüng with anti-MYC (133 and anti-MYC 904 

c~nfinned îbat îhey were labelhg ovedapping, if not identicai, all popilations (Fig 3.3C). 

Preincubaticm with the cugnate peptide aboüshed labelüng by bah antibodies (data not 

-)* 

Anti-MYC 9E10 labellai nuclei in the myenferic plexus of the addt human colon 

(Fig 3.4D). This labelhg mis not apparent in S6Cticms that were proes& identicaliy 

except tbat the Primas, anb'body was not aided (data rot shown). No labelling of ENS 

dswasapparentintheotherspecies(datan0tshown). 



3 . e  Ihcadaruy~LabGlhdG?1Zs 

h o r d a t o ~  theideiitiiyofaIlsin iheguineppig ENS thatwefefabelled by 

anti-MYC 033 and anti-MYC iY7ü, we mcPsursd die Suc anci chsity of M e d  nudei in 

the submucosal plmis. nie avemge detisity of nuclei Iabelled by anti-MYC 033 in 

pqwatitions of hl submucoJal plexus was 6.9 f 0.5 (mean f SE; range 1 - 24) nuclei 

per ganglion (n=99 ganglia). The size of thes nudei m g d  h m  10.6 b 1 6 . 7 ~  with a 

mean size of 13.7 f 0.3jm (nt28 nuclei, h m  4 gangiia). The daisity of nuclei in 

prepations labeiled by anti-MYC 070 was 17.2 * 1.2 (range 4 - 41) nucki per gangiion 

(n-67 gangiia). The siÿes of nuclei were also more hetaogerious than thme labelled with 

anti-Myc 033, mging h m  7.1 tn 1 6 . 5 ~  with a mean 9ze of 11.2 f 0.3pm (n=72 

nuclei) . 
In aie whole munt preparation of guinea pig ileum, double labell9ig with anti- 

W C  a 3  and an a n h m  against the nempqtide vaSDacfive intestitill polypeptide (VIE', 

containeci exc1usively in namns in these p q m a k n s ,  src aiapier 1) iMeled that a sibset 

of aitaic nemms with c-Myc-IR were also imm-tive for VIP (Figs 3.2E,F). 

3 . k  StubiIity MC-Myc htigenr 

niae WET~ no appmt di&nnces in laklang by eitha anti-MYC 033 or anti- 

MYC 070 following incubation of guinea pig ileum in the prrsence or absence of 

cycloheximide (data not show). In ganglia of itie submuawis plexus, the density of anti- 

W C  033-labelleci nuclei ranged from 1 to 24 with an avaage of 6.4 2 0.5 (n=ûû 



3 . a  bnrilccnop*4in'om 

Anti-Myc 033 immunopecipitareci an apparmtly abundant antigeri doublet that 

rnigratad in SDS-PAGE at appximately 120kDa, as well as a srnail cluster of antigens that 

migrated beiwca, 65 and 80- h m  ileal pfiparatms (Fig 3.5A). AU these antigens 

appeard to be morr abundant in the extraa of laigihdinal muscle/rnyenteric plexus than in 

the extraict of ckcuhr musck. Anti-MYC 070 Spegncaüy immMoprecipitated 

radiolabelid antigms of approximafely 7- in addition to antigais of approxirnately 

6ûkDa and 3OkDa fiom boch muscle layers of the guinea pig colon (Fig 3.58). As with the 

anti-Myc O33 immunopteQpitated antigeris, the signais f b m  anti-Myc 070 antigens 

@pitateci fiorn the lmgihdinal muscle/rnyenioerc plexus extract appeand stroriger than 

h m  the circular muscle exûact. 

3.5 

3.5a I-toçharisy 

The recognition of antigens in the ENS of six diffefent mammaün species by aie 

or mwe of foin mo~loclcmal a n t i i e s  rciiscd against widely spaad @& sequences of 

the human c-Myc protein suppor& the atpession ofc-Myc proteins in those œüs. 





6Lom du ileum (A) and by anti-MYC 070 from the cobn (B) of the guinea pig. The 

distribution of signal derisity be!twea spQfDcaly PiSQpitatevi antigens b m  longitudinal 

mUSCle/myerii(iccic pEaus gnparabiais (Jane 3 in A,B) and iiom circdar muscle prrparations 

1 in A,B) B) to reW the distribution of the myeriferjc plexus. Precipitation of 

antigeas by anti-MYC 033 (A) of appimimacey 130, 120, 85, 75 and 68kd as weii as a 

iow mlecuiar weight antigen of undetanuied size 1 and 3) was prevented by 

pIeincubatiion with the cognate peptide (bries 2 and 4). Rsiptatiion of antigeas by anti- 

MYC 070 @) of approximateiy 75,58 and 4ûM (laaeJ 1 and 3) was also p e n t e d  by the 

mgnate peptide (lanes 2 and 4) whiie antigens of approximately 40-SOM ssemed unaffbcted 

(ianes 1-s). 



Anti-MYC 033, which racagniosd nuclear an- in the widest range of spcies, was 

raiscd against a peptide whost wuence W bighly commd m g  memkrs of the Myc 

fhily(104,105) butnucleiofguineapîgCNS nim*umrenotlPWcdandsoitprobîbly 

Qes not mmgnk Emyc proteios @4) ar ncm-specinc neammi antigens. The sequerices 

rem$oipd by mti-MYC 9E10, whkh oaly labded nuclei in the human ENS, and anti- 

MYCMO, whichhbdledtheENS ofthehumpnaswdlas nuclei in theENS oftheguinea 

pig and the sheep, are not sbaial by ideiititïed Myc famüy memkn. ûn the other hand, 

enteric giia in the guiwa pig and sheep intestine were also strongiy labeiîd by anti-MYC 

O70 (see below) as were nuclei in the guinea pig CNS and so Uus a n t i i y  also seems l k l y  

to rrcognUe =me non-c-Myc antigms in those +es. Interesthgîy, anti-MYC 904 and 

anti-MYC 033 were raised îgainst almoJt idaitical peptide sequenœs but they IabeLIed 

disiiiaa intracellular compartments of &y neurcms and so they are k l y  to mmgnk 

distuid *topes within that sequeme. 

Altbugh laWliag of the ENS by moat of the anti-c-Myc antibodies was nuclear, 

cytoplasmic antigeils wai: appemit in the myenteric plexus of the human colcm labelled 

with anti-MYC 070 and in aitecic wumns of the mailrey ileum IabelLd with anti-MYC 

904. Cytaplasmic c-Myc antigens have beai repoaed prrviously (63,67,95- 

97,100,103,106) and it has a h  been suggested that the fixation and pmœssing can &et 

the apparrnt iOcalization of c-Myc antigeris (97). On the odia hand, cytoplasmic c-Myc 

proteins are abundant in l ~ l ~ l - p z o ~ v e  X e 1 1 0 p  l h d k  a q t e s  0 and have beai 

daectal by anti-WC 904 in cytoplasmic atncts of human fibrobiasts (103). 



3 . s  rnIdrntuy~*WCcIZs 

SeMal of aa obsmalicms suppt the suggestion ttiat the Yiti-Myc antbdies label 

w u n n s  in the ENS. Fust, ai- the average site of anti-Myc 033-labeüed nuclei in the 

guinea pig submucou plexus ( 1 3 . 7 ~ )  dightly aasdcd a pxevious maisuiie fOt neurms in 

this plexus @.qUn) ( 1 0 ,  posiôly due to difkmt methoâs used to visualia them, the 

extent of the range of &es fm labelied nucki (10.6 - 16.7pm) was comparable with 

previous measurernerits (6.2 - 1 3 . 3 ~ )  (107). Second, the daisity of anti-Myc 033-WUed 

nuclei (6.9/&adglion) was only siightiy less than a previous measiac of nauaial ciensity 

(8.2lgangiim) (107) in the submwais p h  and is much less than total œil daisity. The 

differet~ce in daisity bdwsai anti-Myc 033 labeiled nuclei and the esthate for neurons may 

reflect some regionai variation or obsetvationai bias (lûû), although it remains possible that 

a srnaü subset of iwumns were not labellecl by anti-hiyc 033. Thini. the mspicuous 

nucleoli visible in cek MeUed with anti-Myc (n3 also suggests that the labelied œlis are 

n e m  as nudeoii in aitaic glia are repomd to be small or absait (109). F M y ,  double 

iabelling with anti-MYC û33 and anti-VIP am6rmed that at least a subset of the c-Myc 

i m m m v e  neurons included ihose amEaining the widely dish.buted nempptide MP 

(2,3). Thus the size, daisity and morphology of cells in the enteric gangîia labelled with 

anti-Myc I)33 are amsistent wiîh theP khtity as namwis. 

In contrast to the results with anti-Myc 033, the wide range of Sues, t o g e  with 

the high M t y  of nuclei, labelled by mti-MYC 070 in the guinea pig submuanis plexus 

led us to conclude -that this antibody labelbd nuclei of enteric güa as weii as enteric 



3.5~ nit skiabilily qfc-Myc Anngens 

The appiaent sîabiiiîy of c-Myc antigeas in the guuiea pig enteric ganglia in the 

prrsemr of cycIoheximï& suggests that they ene not as riipidly degndsd as are Myc 

antigemin someculturedcdl lines (91,110-113). NeveRheless, mostprevious shdies have 

focused ai pliferaive cells and rapid tumover of c-Myc proteins may k an important 

wmponent of d division. ladsed, non-dividing Xeraopus oocytes accumulate high levels 

of c-Myc poVms that are msiderably more stable than similar procellis in pLiferative 

k p w  alls, pssibLy owing to post-translational dineances (101). Furthermore, 

~ezentiaticm in Frieni murine aythroleukemia cells is m a n i f i  by a withdrawai fim 

the cell cycle Pd the stabiiizatim of c-Myc pmcellis (114). in any evait, the apparent 

stability of c-Myc antigens in aiteric neurcms makes it unWody that levels of c-Myc proteins 

wddsubs&ntiallyinaaisein4nactivity-relafedmyuierasisdwaueforarprrssimof 

certain o(her pmmamgene poducts in the ENS (82). 

3Sd lhmumpriecr5,i14ted c-Mjc Amigens 

Whaeas both anti-MYC 070 and ad-MYC 033 pmcipitated antigau that migrated 

in the 60 - WkDa range, which conespaid with pmious reports of the apparent molecular 



mass of the most abundant c-Myc antigems (110,115-118). both antibodia pm5pitatnri 

antigetu outside this me. A wide mge of w t  si= of c-Myc pmteb has also beai 

found p m h d y  in human ceiis (1û3,106,110,11E118), possibly d u  to potentiai 

transaipCid, post-rmaJaiptid md *translatiorial Mntp that d@t occw during C- 

myc -on in a œll typespecific mannr and these events might dm d t  in 

dSfbmœs in the epitopes avaiiable fa ncogniticm by antibodia. The diffaait 

antigens immunqnscipim by the two anti-Myc antibodies rnay partiy reflect the d i n i t  

tissue sames (idem and 001011). However, as as ciiffidifférences in immunohistochemicai 

labelhg were apparent betwcai tbe colon and h m  with either antibody this seenis 

unükeiy. nie distniution betwan the guinea pg Nnilar and longitudinal muscle 

pnqmtions of antigais specificaîIy pecipitated by bath ant'bodies appeamû to reflect the 

distribution of the myenteric plexus. Interesthgly, the paaem of c-Myc antigens 

speciscally Pngpiîated by anti-MYC 070 h m  the guinea pig coluüc longitudinal 

musclelmym~c plexus pqamion appeared similat to c-Myc antigens precipitated by this 

antibody h m  c-myc werexpnssing human œlis (lm). 

The 120- &&kt i m m w p î t a t e d  by anti-nlyc 033 nsembles siMlar sized 

doublets PieCipiW fran humpn d i s  and Xémp oocytes (103). However, the human 

and Xénopw antigens have kai shown to be cyhoplasmic and so the 12OkDa antigens rnay 

not conttibute to the nuclear c-Myc-IR of enteric nauons. The 6@80kDa antigens are then 

more ühly candidates for the nuclear proCQas. riidsed, the much weaker incoiporaton of 

radiolabel withùi those antigens nvay also be umsisiait with a low turnover xate of these 

proteins. 



3.Se Cb~~:licsioocs 

TkeAatabaveckmmmad thtpotEiris with antigaiic piioplt*s, molecular 

sizes and the stabiüîy c- of m m  c-myc gene poducts arr prrseat in the ENS of 

a diverse mge oî rnammiùs. This is the fïrst rrportCd evideiice that c-Myc piaems are 

expresed in any ciiffémtiated aanoasl papil;ition, aithough e*prrssian of c-myc mRNA 

hasbeaifwnlinnammpldtypes(63,93). Furchaworkwülbemquucdtoassessthe 

fMctims of c-Myc praahs in the ENS. 1t is tempting to speculate that sotne previously 

suggested comquences of c-myc arpesSion may have =me   le van ce in the gut. For 

example, the *on of  gaie^ aneciing œii adhesicm that has beai attributed b c-myc 

expression (119-121) would seem vital in these ceils in order that they might balance 

maintenance of syDaptic umtact with the flexibiity b withssnd the motüity of the gut. in 

any went, the PIS might provide a seüing for investigating the huiclions and rcgubtion of 

c-Myc proreins in post-mitotic nnuons. 



CHAPTER FOUR 

TEE USE OF CONSTïïüTNE NU- ONCOPPQTEINS Tû LABEL 

NEURONS IN TEE ENTElUC NERVOUS SYSTEM OF THE GUINEA PIG 

IImma 



Ycoidiog to ebctmphysidogicpl, moqblmoiphdagical and histochemid criteria (2,3). 'Ihe use 

of nemm-Jpecific rmdw visdi& by i m m m h a n i s h y  bas pwtlcd a pticulariy 

powafultodtoclangfynanau. ThisbasJ.edtotheaniccprofcheTnicalcodiagof 

neuroas cm the basis of thm content of one or mare putative ttansmitters a aha neuron- 

speafic s u b m  (3). Hawever, the firadia of taai n a n a i s  rieprieserifed by each subtype 

is not complefely clear. This is due in part to the k k  of a simple but &fuitive method to 

d o w  acuuate neumnal counts that a n  be combineci with immundiistochemicai subtyping. 

Methah whidi have ken empiayed to count the tocal number of enteric m m n s ,  such as 

toluidine blue (122,123) or NADH dipphoiase sFnmng (lW), ane not readily comb'ined with 

i m m m h e m i s a y .  I m m ~ h e m i c a i  labelkg of neuron-specific antigeos such as 

neuron-Specinc enolase (NSE) also provides a method b observe dements of the ENS (124) 

and couid be readily combined with immWlOhjsbchemical subtyping of neumns, but the 

dense laWüng of the nem fibies by these antibodies might interfiire with the 

- . .  chsmm&on of individual d i s .  ImmWlOhiStOChernical iabeîüng with a "neme an bodyn 

antibody bas recently kai p r o p d  as an appgx& technique for amtiog the total 

neumnal density in the -pig smaü intestine because of its appamt spaciacity for 

n e m  and the lack of nave are sFlining (125128). Nevertheless, Iüte the &er 

aforementioned techniques, the cytoplasmic labelling affiorded by this a n t i i y  does not 

aüow easy di- r e  'on of adjacent and me&@ng neurcms. Nwlear or nw180k awuits 

are the pref;erred meihod of counting n a u a i s  in the centrai nervous system in order to 



ovaromthis~ty(lB)anisoanimm~~dme(hodofIpknuigneuimal 

nuclei wauld be a potenthlty usehl tml lor qmtifving naimaal subtypes in the ENS. 

Ta poducts of the c-myc and c-fa pmmmqenes (c-Myc and c-FOS, 

mspectiivdy) am nuclear pboBphogmteins that paaicipate in gene iepuiatim (6,9). Stabie 

(or ccmstitutive) c-Myc antigeris have bcea dete&d in neunns in the giiinea-pig EMS (see 

Chap<a 3), but d y  inducible c-Fos antigem had so hr kai repoaed in this tissue (8 1). In 

this shdy, the papsibility of using anti-c-Myc a n t i i  to distinguish entesc n a u m s  and 

glia and to count namn~ was explored. The possi'bility that stable c-Fos-like- 

immuwreaCtvîty 'IR) existed in the guima-pig ENS and amid be exploited in the m e  

way was also investigated. Finaiiy, dmbleiabeiüng of aitaic neimnis with antibodies 

against these nwku lmigens and cytoplasmic antigeau amtained within specific subsets 

was pedafmed to cletennine whecbet this appach might be usefiil as a counferscain io 

direaly a~sess the prqmions of those s u b ~ ~ .  

4.2 Hypamds 

Laklling of COIIStitutive nuclear Myc ami Fos-liloe antigens wiU be wîui to count 

neiuonsinthegiiiaeapigENS. Thiswouldrequirethattheyareamtainedinalientaic 

neurais but min gliaand that theycan kdanaistrattd inanygMn subtypeof neuron in 



4 . 3 ~  îZwummdAnnbadreiic . - 

'LLvelvemPlePlano-PeJ(250-4sqp)wawad. AiiUnalswaeanathetizcd 

with halathe bcfarr segmarts of ibun wcn nmovtd and then killed by exsanguinatm. 

T i  wac immsdippely nxsd ami whoîe mcnmt pFpnatians of myenferic plexus and 

submucosal p h  wcrr disssatd for immwiohistochemical aDalysis as described in 

Chaptpr 2. Primary a n t i i e s  usd were maue anti-MYC 033, mouse anti-MYC 070, 

rabbit anti-FûS 4 aad the peptide against whidi it was iaiscd ( m t i n g  amho acid 

residues 3-16 of the human c-Fos parni; cat# SC-52p), rabbit anti-human namni sp&c 

enohse, rabbit anti-human protQn gaie product 9.5 (PGP 9 3 ,  rabôit anti-S-100, rabbit 

anti-neuLOpephide Y WY), nbbit anti-calntima and mouse antiaibindin. One whole 

momt aeparation eadi of submumdal plexus was Urubated in anti-MYC 070, anti-FOS 4 

and either enti-NSE or mti-PGP 9.5. Whde mount prrparations h m  2 animais were 

double-labelled with anti-Fos 4 and anti-calbindin or with anti-MYC 033 and either anti- 

NPY or anti-cafriiebnui. . * 

The c-Myc-IR in the guinea pig PIS has pnviousiy been demaistraied to be 

abolished by preincubatiai of the p h a ~  antibody with its cognate pep<ide (see Chapter 3). 

In the coati01 sQis fot anti-FOS 4, tissues w e  also inaibeted in the @.mary antibody 

preab- with the cqgMte peptide @pglml). 

4.3b Quantitathe Data 

Theave~agei#uaipldetisityof&an~lakllsdbyaati-MS4wasaYessedby 

counting these nudei in each of 60 ganglia/animal cm whole mount preparations of 



As previously qmted by othas (124,130), boch anti-NSE and anti-PGP 9.5 

appeaiiDd to bbel mMioal eïenieiits of the submucosal pkms (Fig 4.lA.C) and the 

myenfeic plexus (pot shown). H m ,  as a h  pnviouJly RpntPd fa NSE-IR in the pig 

s d  intestine (131), di&zent ieveîs of i m m w v i t y  wae appmt in ceil bodies 

labellexi by eitber antisera. This ranged b m  aixnost no imrn-Mty u> labellùig that 

was so interise as to virtuaiiy obscw unlabelIed neuronal nucki (Fig 4.IA,C). In both 

cases visible ovoid or circuiar gaps in the labelluig within ganglia and the gangibn 

intercoruiectives appeand to a>nrspad to nanonal nuclei and glia (see below). The 

varying lwels of i m m m v i t y ,  the intense staining of m e  fibres and waiap of 

labellsd œlls in the gangiia ail m t e d  pcairate counts of nnm>ns labelled by either of 

these an- 

s-100-IR, which has bem reportcd in aitaic glia (132-134), was also apparent in 

the submucosal pkxus (not shown) and the myenteric pkus (Fig 4.m. As bas been 

p i w i d y  dcsaibsd (134), immWK)ZeaCtive güal pocesses were abundant and f o d  

basket-iike netwoda arrwmd large gaps in the gangiionic Labdüng that Pppeued to 

cwespoad to nemaml œii bodies (Fig 4.m. Qial cell bodies in ganglia of the 

s u b m u d  plexus (mt shown) and the ganglion interconnectives of ôoth plexuses (see 





Flgme 4.1 Fïuorrsance niinographs of submuomPl &an@ (A-D) and myentefic gangüa 

@,F) labellcd with anti-NSE (A), an&- 9.5 (C), anti.4-100 (E) a anti-MYC 033 

(B,D,F). Sam- ganglia laWcd with anti-NSE (A) and anti-MYC 033 (B) 

de- that aü NSE-immunopOatiVe aamnr were akm labdlsd by anti-MC 033 

but not all neuions weze Jtiaigly NSE-immmomctive (imnm). SubmucOSal ppiia 

1abei.W with aati-PGP 9.5 (C) and anti-MYC 033 (D) showed that ail PGP 9.5- 

immuwpositive neurons wae aiso labelled by anti-MYC 033 but PB 9.5- 

i m m m v i t y  was also weak in som murans (àmnvs). Melüng of the myentmc 

plexus by anti-S-100 (E) and anti-MYC 033 0 cmfbmed that S-100-imm@tive glia, 

cleady evident in the gangiim inferconnectives, wese mt iabei!ed by anti-MYC 033 and 

that gaps in the ganglionic S-1Wimm-vit.y that amrspaded Ü, the positions of 

neurtnis amtained anti-MYC 033-labelkd nucl& Scale bars. 10qim (Ba in D is for panels 

A-D, bar in F is for paaels E,F). 





Figum 4.2 F I w a œ n œ  miaographs of a myeriheric gangIion (A,B) and a nibmucosal 

gangkm (C,D) lnbelLd Mih anti-F06 4 (A), mii-MYC 033 @), a annbinaticm of anti- 

F05 4 and anti-NSE (C) and anti-MYC 070 @). Nudei in myenteric ganglion that were 

labellsd by anti-FOS 4 (A) were identical to those lnWlad by antCMYC 033 (B) but anti- 

FOS 4 also wePldy Lskllrd the nuclei of smaarli murle œils (A). Gap lefk in the 

submucosol gangiicm Iabekd by anti-NSE d anti-FOS 4 (C, anav) am- small 

nuclei diat appaffd D be giiai when tabelled by ami-MYC C70 @, arrow). Scale bar: 

10prn. 



Fig 4.î.E) were &y idmti&bie by a thin hyer of laWlsd cytoplasm siimnmding the 

nuck Within the m y e n e  gangh, howcva, the inferise fibre laWling htafered with 

. . O  discnminatim of all but a n?w glial cell bodies (Fig 4. LE). 

As previously nqmed (Chape 3), ami-MYC 033 lPWlrd nudei thrwgbout the 

gangiia of the myenmic (Figs 4. W, 4.2B) and submucossl plexuses (IFig 4.1B,D). nie 

iabelied nudear p f i l e s  were prrdomulantiy krge and cirailar or woki with Visriie 

nuclsdi. S d  varjaiicms in the intensity of the labelling betwem nudei wae occasionally 

obmed. In contras, anti-MYC 07û labeiied a populatim of nuclei in the myenteric 

piexus (not sbown) and subrnücosal plexus (Fig 4.m) ihat appearrd to include smaller 

nuclei with more variable profiles anâ lacking visile nuclwli. LaWLing of emagangionic 

nuclei of smooth musde (not shown) and aha unidentified cd types in both plexuses 

hbelied by anti-MYC 070 was also Mdent (see Fig 4.2D). In sections, but not whole 

mounts, labellal with anti-WC 033 Usng the more saititive flu~zochrome, CY3, very 

fiht smooth musck nucld lobelling couid also k sea. niese obSeNaticms an consistent 

with prdominantly nammaî kWling by anti-MYC 033 and labeîüng of Pemaps aii al1 

nuclei by anti-MYC 070 (see also Chapter 3). Double-aklling with anti-MYC 033 and 

anti-S-100 establishat that nuclei labelled by anti-WC 033 ciid not include any S-10- 

immUIK)IPaCfive alls. AU visible gaps in the S-l001immwiorPactivity in gangka, 

conespaidiag to nanmpl d M e s ,  amtained anti-MYC 033 iabeiled nudei (Fig 

4. iE,F). In addition, double-labelling with anti-MYC 070 and anti-S-100 connrnied that 

the smalla nuclei labellrd in the gangïia anâ inferooruiectives by antGMYC 070 incliulcui ali 

visible S-IWIR güa (wt shown). 



Anti-FOS 4 a h  lPbdled a ppuM011 of nwki in the ait& plauses w b  

apppnnoe, sizEJ and dutribution PgpePrd identicai to thos LWkd by anti-MYC 033 

(Fig 4.2A). Anhi-F06 4 a h  Eaintly Lbdbd ihc nucki of Jmooth muscle ails. While in 

mat  aiss the Lbdling was unifirrmly iWihrlted in the nucieus, a muill n u m k  of nuclei 

displayed a pmdate pattern of labelhg and a smali variation in the inoensity of labelhg 

was occasiaaally absemai (imt Jhoam). Double-labelling 6th anti-FOS 4 and anti-WC 

033 cainmied that the ceil popilticms in the enteaic ganglia iabeiied by these antibodies 

were identical (Fig 4.2A,B). ReinCubation Mth the aqpte peptide abolished the iaôehg 

by anti-F06 4 (not shown). 

4.48 C o r n œ .  Myc md Fos &gens as Pm-Nemol M& 

In ordet to establish the pmpoaion of neur~cls labeiieâ by anti-MYC 033 (and hence 

also anti-FCB 4), double M e h g  with anti-MYC O33 and anti-NSE ar anti-PGP 9.5 were 

perfsnned. In both cases, ail sûongly immunoreactive ceiï M e s  wenz f d  to contain 

nuciei laWLd by anti-MYC (n3 (Fig 4.1A-D). However, because neither anti-NSE nor 

ad-PGP 9.5 hbelid a l i  nauais, it o h  auid mt be daaiiined fimn these Prrparations 

wheiba the maIl woid gap in both plexuses that lackeâ anti-MYC 033-IR belonged to 

giia or M y  NSE- or POP 9 . 5 - i m m m v e  neurans (se Fig 4.20. In order to 

ad& this @lem, a comb'ion of anti-FOS 4 and anti-NSE or anti-PGP 9.5 together 

with anti-MYC 070 was used so that nu& within the gaps left by the anti-FOS 4 and the 

cytophsmic madœr ccnûd be oôserved by th& Unm-inty with the anti-MYC 070. 

Foliowing this procediire, these gaps were f d  to contain SM nuclei that were typicai of 



giia (Fig 4.2C.D). 

In orûer to establisti a quantitative esillmihe of the gangiidc neunmai density in the 

guinea pig ileum, aemaisl nudQ Lbdled by anti-Fû6 4 urne oounted in whole mount 

prrpnratioas of lcmgitudid rnuscidmyenteric pbnu and submucosal plexus. Gangiionic 

n d Q n S t y w r i s ~ h o s e r i i n a d c r i o a v o O d ~ a r i s i n g h m v a r i a t i ~ i n t h e  

degreeof tissuestntchtbatmight OOnfOund maianesofdensity accading to areaor length 

oftheintestine. Oangüawaedenotdu~~tsoftheplexuoaitainingaieormo~ 

nucleated nem celi ples (lûû). The gangiionic deiisty of nucleï labelied by anti-FOS 4 

in the myenteric plexus was f d  to be 52.5 f 2.9 nuclei/gangüon (mean f SEM; n-4 

animais; range, 47.6 - 59.8 nuclei/gangJion). The range of nuclei in each ganglion h m  al1 

animais was fiam 1 to 461 nuclo/ganglion. In the submucous plexus the mean gangiionic 

density was 7.m f 0.12 nucIei/&anglim (n=5 animais; range, 6.56 - 7.23 
nuclei/&anglion). nie mge of nudei in each ganglion h m  aü animals was h m  1 to 34 

nucl&gangiim. 

4.k ciw&mme - .  A@c and Fos Amgens as ~ r s t o i r i s  in Double-Labelhg 

-oahanLmy 

Neurions hm-ve for NPY, cabthin and catbindin were aise fand in both 

pl- as pnviousiy c k s a i i  (2,3,18,125,135,136). Briefiy, NFY namins could -y 

be diScancd in the myenteric plexus but were mon abundant in the submucosal plexus 

whem they wae usually situated along the paiphery of gangiia. Roth calbindin and 

calretinin neumns w a e  abundant in myenferic ganglia and ahthin neumns were aiso 



plentiful in submucoal %angüa but caibindin namim were aily &y ssen in the 

subrnuOOSal plexus. 

rii CbPpar 3, c-Myc-IR Iipd b&a fand to exist within nnmas that amtaïneci VIP- 

IR. 1 arda r~ establish w h e k  c-Myc was aIso amtaineû within otha neu~ochemicai 

sub- of these d i s ,  wbdc monts of bah @exusa were double-Welied with anti-MYC 

û33 and one of anti-VIP, anti-NPY or anticrlrrtinin, a with anti-Fos 4 and anti-calb'uidin. 

Anti-MYC û33 also efkdhdy iaûekd nuda of neurons with NPY- a calretlliin-IR, 

while anti-FûS 4 was similPy & i v e  in cowlterscajning nudei of pnparations labeiled 

with anti-calb'indin @ig 4.3). 

4.5 

4.5a Myc a d  Fm Anngem as Pm-Neutonal M&rs 

MOUS attempts to measm the density or numbers of entaic neurons have 

employed cytoplasmic iabeis chat in geiieral & nat affmd either optimal remlution or 

conveiiienœ for combination with immunohistochemicai subtyping. W e  have provided 

evidence tbat amstitutively ompmeim an be used as non-selaive 

irnmUllOhiStOChemicai marhrs of guinea pig aiteric namns. The disxete nuclear 

MmulKfieadiVity of these mvha recluœs interfaaice with immdstDchemical analysis 

of cytoplasmic antigem. FuRhamorr, be*uise the anhaodes anti-MYC û33 and anti-FOS 

4 give idaiticai Zesults and have beai raiscd in differeiit species (mouse and raôbit, 

m v e l y ) ,  tbae exists Options for combining them with a range of primary antisera. 





E&pv 4.3 Fluoresam niicir%iiipliJ of immundustochemicaî double-labelhg of 

submucosal (A-D) and myenferrc ganglia (E,F) d o u b l e - W  with anti-MYC 033 (A$) 

and anti-NPY (B) a anti-chthh @), or with anMW 4 (E) and anii4bindin 0. 

L m m m i n t y  for tnae nu&u aati$au was amtained in al1 testeci subsets and the 

nuclear labdluig appead to pwide a suitabie amtastain to v isuab aU nauons. Scaie 

bar: A-D = lwm, E,F = 2o4im. 



A n t i - M Y C 0 7 0 a p p e a d t o l a W m r y n u c l e u s i n e 4 ~ h ~ m .  Whikthis 

apparrnt lack of spificity prsdudes its use as a spsahc celi-typ markex, the 

c ~ o d t b e ~ n u d e i s t i l l r i p p e s r 1 ~ ~ w n m s r d g l i a t o b e c l i s t i a ~  

with same reliability. Fhtribamge, use of this antibody may aiso aüow obiienmticm of œlk 

thatare~wi ththeenar icpkxus*r  but thasare w~labelled by neworial-or@- 

Spedicmarhrs. 

Both NSE and PGP 9.5 appear to be aa l la t  marlrers of gastinnkstüd neme 

fibres, but baause of this they are of limited use for yigllpÜpng inâividuai elements in 

enteDic gangiia (lZ4,127,13O, 137). In addition, the lmls of bah NSE- and PGP 9.5-LI 

weze cleady Wripble amcmg ENS aamnis. Possible reasons for variable l& of NSE 

labeuing in the pig ENS bave beai disaisstd (131) and it might be interestuig to determine 

whether the levels of PGP 9 5 antigais peraiiel those of NSE antigais in individuai enteric 

nearms. 

ûa m*isurrd density of n a n a i s  in the mya1feric gangiia of the guinea pig is 

rnarlredty düfamt ficm that of Yang et al. (128) who qmed about 105 

neuroriS/ganglim. 'ibis diffame was uniikeiy to have neSulteci fiom diflérent hôding by 

the n a ~  œU body mibody usrd by those authon and the nudear antibodies used in the 

present stuây because we bave nund thpt the wrve di body antibody and anti-MYC û33 

label the identicai alls in double-Wed pnparations (data not shawn). In fan, the 

apprœch thse authors employed was bassd cm a smali sainple ô i i  toward iniennediaie 

or large gangiia, and sinpie namms wem caisidered as extmgangüanic. Indced, when 

myenteric ganglia amtaîning less than 4 neurais were ornitteci ficm our data, we obtahed a 



value of 111.5 f 9.1 nemdgangiia which moredoady appmximates values h m  those 

pmrioussiudies. Howmr,sînœSncega@ainthesubmucosalpbnisammtsimüarîy 

acIiul#l, we fkit this was unjwtifisd. Our rrpoilsd values mae c l d y  resemble those of 

Fumess lad Cosia (122) and Wilsm et al. (123) who iepoitcd about 45 neurons/gangücm 

foi the myenteaic piexus and 8 n e i m m d w  for the submuanip plexus. Since 

wbjectivity is unavoidable w h  deiemllniig the bowrdaties of ganglia (lm), it may aM 

acaunt for some of the di&nnces be(wsai pnvious data and au own, pariicularly 

because the baadaries of the nenie ce11 profiles were not as amspicuous using a nuclear 

kbel as they might have bsai with a cymplasmic label. 

4.5b lk I d e m  ofîk c-Fbs Amgen 

The pan-neunrnal distribution of the c-Fos antigen recognized by anti-FOS 4 in 

guinea pig m e c  ganglia suggests that it is not identical to the inducible c-Fos antigen 

reportsd by Kirchgessner a al. (82). Attemps to identify the antigencs) labellexi by îhis 

a n t i y  in Westan blot Pnalysis have beai unsuaPssful (A.W. Gibson, unpubIished data), 

and this antûxuiy did wt nact siwlariy with o(her @es (data not shown). It therefore 

seems W y  that this nuclear IaWIing xqmmts a spirious, aibeit fortuitous, cross- 

reactivity of the anti-FOS 4 antiiy, althaigh for the purpo~e of bmrity it wilî henœfonh 

be ~ i e f k d  to as Fos-like. 



bytheirpiescaaUiallnaaahamcrl~aOtdtodUe. rideed,nauaiswitilVIP, 

NPYacalrctiiiinraclikdymaumJntfamarthan80% ofsubmwx)salncvnnisinthe 

piiinea pig ileum (2,3,18,125, US) while calandin is psa i t  in about 20% of myenteric 

nanws (136). lbese doublelabelled prepanbims llso o&r a more pacise technique to 

directiy assess the pqortions of these neamchernical subsets tban is afbnled by indirect 

comparisonSofneumoaidensity. I n f a c t . K i i s t a A m u n d s o n i n o u r ~ h a s S i n c e  

extendeû this work by usùig this technique to nasas priporcions of variais neunochemicai 

subsetp in the ikum, to wmpm those with simikr subsets in other gastmhtestinal organs, 

and to deteft cbanges in those pmprtions in a modd of inaammatim (S). ûn the other 

hand, the nasswsmeat of tesîed subseis in the ileum has mostiy agreed with previous 

esthates h m  sinpie-labelled pqmtiolls, thus aües&ing a, the gnat are with which thme 

previousstudieshadkni~Ofmed. 

4.5d Conclrcrio~~~ 

niese &ta have &mmüaîd that c-Myc and c-Fa-iike antigens are prisent in al i  

enteric n m s  of the gullies pig ileum, although the d e  of c-Myc antigens and the identity 

of amsîitutive c-Fos-like antigens are both wlear. Notwittistanding this unargùity, both 

anti-FOS 4 and anti-MYC û33 are potentiaiîy quite useful anatocnical tools as pan-neuronal 

marlUers and counferstains for immunohiJiocheanicaî subtyping of enteric neurons in the 

guinea pig intestins. 



NUCLEaR MIS AM) JUN -GENS IN THE ENTERIC NERVOUS SYSTEM 

OF THE GUINEA PIG ILEUM 



5.1 Ihmnbdb 

Immunobi$ochemisbry U king used in a growing number of shdies a> demonsüaîe 

activation of inducible Fos and lun pacMs in m. Ideiitifkation and quantifscation of 

positidy scainsd ails is hnlitatrd by the II- locaii&on of Fos and Jun antigens, and 

"doubblabelliag" &!chiques am Plso kemp1oycd 0distingiiiii bchvtai theirexpFessim in 

VZVi01l~subaSofnaumsandochcralls(~Chap(ers1,2). FosandJunproiemsfonn 

interactive c o ~ t s  of a t r a n w d  wmplex whose activity is k l y  

affectbd dîffémtiy by VSVious Fos and Jun famiiy proteins (6,ll). Basal ievels of c-Fos- 

and Jw&i.mmunorearictivity (-IR) are d y  wdaseiable in the central nervous system 

(CNS) but are often coordinstcly upegulattd in many neuroris foiiowiag depolariàng 

stimulaton and might thai be usefiil to detca tmqmptic aictivity in a variety ofparadigms 

(70=n,74). C h i  the other hand, basal leveis of c-.un-IR can o h  be deected in at least 

some CNS m s  and these kvels rnay be pnierentially a&rtsd by si@ d t e d  

with regerieratian, d e g e m m h  and apptosk ('7,7476). 

ImmUIlObiStOChemistry has plso peviousiy bem ustd to idmm "chemidy cuied" 

subsets of naimris in the enteric nervous system (ENS). Various combinations of neural 

antigens are confained in wm*ial subsets with diaracteristic morphology, 

eiectmphysiology and pieswnably fuactcm (2,3). Studies of chemicaï axiing in the ENS of 

the guinea pig ileum may have air'xxninted foP aü a a m n i s  in both the submucoBal and 

rnymferic piexuses (3). For example, the submucosil plexus appean to be comprised of 

four major exclusive subseîs of nemms that amtain either vasmctive intestinal polypeptide 

(VIP), neuiopeptide Y (NPY), aurrtinui or substance P, whiie large subsets of myenteric 



ne- include about 20% that amtain cplbindin. Putative nnciiais bave beea assigneci to 

Variousofthes~basedcmdvscpnaiolmcalmdfimdiObalctuinrtaisticsal~ 

direct demoastrations of neumiu with mcbpw#earopy and viscen,mofot fiandians have 

ken diffIcuît to achieve. 

~gessnerandhercdLsgucsnepaasdthatsubrnu#walsaisorynauaiswith 

substance P and calbuidin activafed c-FOS-IR in nqmse to Viuus clishoitim in isoîated iled 

prepaiations (82). Baia, it semai W y  that &tection of c-Fos could be readily applied 

to analysis of ENS activity, althou@ it remained to be deienniaed whether aii neuronal 

subsets wexe lWy to share a Pimilar capacity to expcss c-Fos. Moreover, it was also 

uncl- whedia C-FOS activati011 h those h M  prrparati~ll~ Iunitd tû neur~ns, Md 

the distniuticm and reqmms of Jun famiy proteniS in the ENS had not yet ôeen tbcni'bed. 

Since the oniy iepoit of amte c-Fos activation in the ENS (82) su@ that this 

apjwoach was mmpatiile with adysis of isolateci h m ,  this study was initiateci to examine 

the pmpxbs of inducible Fos and Jun expRssion in those preparatons. Some limitations 

to this appz~nch wexe notrd as d i d m  was sssocipted with ansiderable basal m m  

of somc nwleat antigens. Ndwithstanding these difkuities, dcpohMng stimuli were used 

to test activity-related orprssion of c-Fos-, Juns and c-Jun-IR in various subsets of enteric 

neurcms and in entesic glia. 

5.2 Hypathk 

Expsion of nuclear c-Fos- and JuB-IR wiii be activatad withh aîi subsets of 

ente& neurais by depolarhg stllnulation of ileal segments and they may ais0 be 



apressrd in entait glip. Some basal apnsPoa of c-Jm-IR m y  be evident but it might 

not be datciably aitemi by thode stimuli. 

5-30 A n ù v a h o n & ~  

Expezhats were perf0mied on 10 duit male dbino guima pigs (lW550g). Rior 

to use al animals were faJted fot 12h, but urne aüowed water ad libitum. A n i d  were 

anesthbized with halothane (4% in oxygeri) and 3 segments of appfoximately 5cm, nMn 

about 5 to 2 h  b r n  the il- jullcfion, were reemowd. These segments wae either 

fixed and proœsed as whde mounts of myenferic and submwrnis plexuses for 

irnmunohistochemistry (se Chapa 2) or incubzted as d e s c n i  below. 

neumns of incubated Prrparations when the araic plnus iayers had beai dissefied, when 

theintestineswgeopensdioapose(he1umaiorwhaitheadsofthesegmentwere 

ligated with a suture. niaEfae, aîi suôseqmt arprimaits weze PafOnned on ileal 

segments that were opai at both ends, incubateci fa Smin in an oxygemted Krebs' sdution 

at 3PC and (hai treated for aie hour in aie of the following ways: (a) Kiebs' solution was 

maintained; @) Krebs' solutiai was changed evey Smin; @) 2qiM vexathdine in Krebs' 

solution fot Smin intervals separatrd by Sr& inaibations in d Krebs' solution; (c) 

2pM veratridine in Krebs' solution for Smin intavals sepaated by Smin incubations in 



lm nifedipine to block moSiüty. Thus were then h x b a t d  in normal Krebs' solution 

(or Ca++-& Knbs' with EGïA for (d)) for M dditid 2h to allm fOt IEG errpressi~n 

befm they wee cut opai, pinned, nxsd and pmœsed for irnmUndilSfOChernistry in the 

sdmpwayasuntreatedtisriues. 

5.3~ PrinraryAnn*bociies 

Rimary antibodies used wae: maise anti-MYC 033 and rabbit anti-FOS 4 (used as 

cmnferstains in double-klliag arpaimaits to count mtexk neunms); mouse anti-FOS 

TF161; rabbit anti-FûS TF3; rpbbit anti-c-JUN; rabat anti-JüNB; rabbit anti-VIP; rabbit 

antidrehin; rabbit anti-NPY-, mouse antidbindin (see Ch;ipter 2, Table 1). 

5.4 RPsults 

5.42 C ' ,  JJun BccJun in U - a d I n t m  

We examind c-Fos- and JunB-IR in the enteric nervous system of normal, 

unincu~üeal~tsinoidatocompanthiswithlabelliaghsegmeritsinaibattdas 

outlined bdow. In the myenteric and submuaosal plexuses of normal g u k a  pig ileum, 

nuclei labelleci by polycbnal anti-Fû!S TF3 anâ anti-JUNB wae m. In 6 of 10 animais 



no labehg was obsemd in eithef plexus by anti-FOS 'W161. Very iight nuclear iabeilhg 

by anti-F06 TF161 mu sanctimcs f d  in some aeinaiP1 nwki in &Our rnyenmic or 

submucosal &an& (2 Pallanlr esch). A n t i d ü N  h t l y  labebd a very smail plaporiim 

of nuclei in the rnyenw plexus but hklled many or aii nudci in the submucosal plexus (n 

= 3 snimals; Fig 5.1). Hownier, this lakhgwas notansded by any of thedepoiarizing 

stimulation (n = 2 each of venirPdine and K+ stimuiateû segments; see bdow) and so it 

was not te&d furttiet. Anti-F06 and anti-1UNB lightly W e d  the cytoplasm and 

gangiioaic interconnectives and more heavüy labellai the cytoplasm of a smaîï number of 

neuroos in bah plexuses of aU normal and incubated segments (me Figs 5.2, 5.3F). No 

labelhg by any of the an- was apppait in musde cells or extraganglionic submucosal 

CeilS. 

Neuions irnmU1KITealCfive for VIP, NPY, calnilliin aad caibindin were apparent in 

both plauses (see ChapgR 3.4). In double-labeüed tissues, caîbindùri -IR Was to 

exist in a popuhtioa of aeimns mosily distinct f ian those containhg VIP- or NPY-IR, 

although a small proportcm of myeriteric neuiais coatained both calbindin- and d a i n i n -  

IR (mt shown). In double-labelled h m  those untreated animais in which 

submucosal nnnoas nprssod c-FOS-IR, that was mU to occur exclusively in VIP- 

immu1w3teacbive rieurons. 





Figure 5.1 Fiuoffsoent mimpphs of imm-ty for c-Jun in the myenec  and 

SUbmUCOSaI pkmes of nûeated guinea pig ilaun. Vay little bklling was faund in the 

myeri* plexus (A) whüe most a al1 nwlei of SubrnuOOSal neunns were labdled (BI. 

S c a E e b a n : A = m , B = l O q i m .  





FESm, 5.2 Fïuomœnt micrqgnphs of c-Fos- and J u n & ' i e t y  in the myenteric 

plexus. Labelhg of smooth muscle nudei was appsrrnt in aiï inaibatsd w t s .  

LaWling by anti-FOS TF161 was -y abaait in ganpiia of segments inaibatEd in normal 

Krebs' solution (A). Nanaipl and gihi nuclei of segmerits h h a t e d  with 2 Q M  

vexairidine weic laklled by ani6FOS TF161 (B). Anti-FOS TF3 labdlal namins in 

segments stimulatsd by S C h M  K+ (C). Labelhg by anti-JunB was isrpely absent in 

segments incubateri in normal Krebs' solution 0). 1opM heramdhonium did not v e n t  





F@ue 5.3 Fluoicsoat mbmgqhs of c-FOS- ancl Jun&immutK)iieaicfivity in the 

submucosal pbnu. In segments inCubahal in namal Kreb's soiution, a a i n n s  

immummictive for VIP (A) wefe paSomiaantly thme duit apiesssd Fos (B; anti-F06 

TF161). In K+-stllnuiated segments, the numba of JunB-imrnunaneactive neinaial nuclei 

washaeased(C). ThelaWbdn~ofmiucleallsinabldvessclcrnalsobeseai. 

In segments stimulat#i with veratriâine, naaau iinmWW#eaCtive foi NPY @) m among 

those labelhi by anti-FOS TF161 @, arrows). K'-ssimulation also hmued the number 

of neuronal nuclei W e d  by anti-FOS TF3 (F) but did not appear to alter the number of 

neuroas with cytoplasmic labelling (mm). Scaie cak bars:m. 



5.4 C-Fm and JlmB in I i ,  U m  limes 

Iuthemyetiberacpkxusof segmentsinaibatsdfor3hinmnnialKnba' solution (8 

ammals), c-Fos- and JunB-IR in most gaogiia was mt di&mit fmm untnetsd oontroIs 

(Figs 12A, D). Howwei.? a few gangüa oaitlkied maut nucieu c-Fos- wd JwiB-IR in 

neuioas and giia. Ganglia at the msenteric border and both cut enâs of all i n c u b a  

segments, Uicluding those with visible damage* mon kquently displayed this aihanced 

Labellùig. In areas of tbe myeiifmic plexus hchg visible damage, d y  0.46 I 0.31% 

(mean f SEM; 90 gangiia fiom 3 animais) of mpteric neunnis were labelled by anti-Fos 

TF161 whiîe 3.8 f 3.0% (120 ganglia h m  4 animais) wem iabelied by anti-JUNB. No 

clear pref- of c-Fos or JunB arpessian for MP, NPY, calieimin or caibindin neunms 

was observed in any gangiia caitoining labelled nucfa Glia were -le by their 

nuclear moiphology and ki r  identity was cainnned in tissues doubleiabelld with 

antibodies that IabeUed amstitutive neuronal nuclear antigens and with anti-SI00 (see 

Chapter 4). Glia and wealdy h-ve neurons were aiways more cleady visbe 

with anti-FOS TF161 than with either of the pdyclorial antisaa. NwertheIless, in 

myenteric plexus and submucosal plexus prepmtions hm all incubatsd segments thaî were 

double-Iabelled with anti-FûS TF161 together with anti-POS TF3 or anti-JUNB, it was 

apparent that these antigens were containeci in wedapping and perhaps identical œii 

populsticms. In addition, nudQ of muscle tells ôoth in the b l d  vesrds and in the muscle 

cœts of all incubated segments were immunonaaive fm c-Fos and JunB (sre Figs 5.2, 

5.30. 



I n t h e s u b m ~ p l a n u o f t h a t ~ t s a L r g c c ~ o n o f n a a r n i s ù i v e a s  

iachg visible damage apasrd c-Fos- (25.4 f 4.3%; 90 ganglia h m  3 anin&; anti- 

FOS TF161) and lIMBIR (13.4 * 7.7%; 120 ganpiia b n  4 anirmls; Fig 28). Anti-FûS 

TF161 iabeiüng was prrférratially laalizad in VIP namnis (Figs S.JA,B) but small 

numôersofNPYaadcalntininnamnisalsonpreJscdthuantigen. Calandinneurons 

cmîy d y  npesscd antigens detectable by antï-FOS TF3 and anti-UNB. Gliai 

of c-FOS- and JunB-IR was &y rare but, as in the myenfenc plexus, ganglia 

nearer the meseafeac border and thosc in visiiy damaged areas of all incubated segments 

more hqgently displayed C-FOS and JunB antigens in neumns and güa. Small numbers of 

unidentified extragangiionic œiis in the submuasa of aii incuôated segments also expressed 

c-Fos- and JuaB-IR. 

S.& C-Far anù Jimû in Segments IllCUbatd wilh DcpolanPng Stimulon'on 

Stimuiation by 2 9 i M  veratridine @min on, Smin recovq; segments h m  3 

animals) for the first hout of incubation d t e d  in a mvhd inaaue in the numbers of 

n d  nwki in mymteric gangiia that arprased O-Fos and JunB-IR (Fg 1B). 

AppmailPtdy 83% and 71% (60 gangiia each from 2 anirmls) of mymreric neurons were 

IabeiIed by anti-FûS TF161 and uiti-JUNB, Rspectiveiy. Many neunnis of all tested 

substs exprrsPrd tbese antigens with no obvious subset prcfamcc. GLial labelling by anti- 

FOS TF161 was also apparent in mymteric ganglia and gangiionic interconnectives. 

Increased numbers of c-Fos- and J u n B - i m m m v e  neuroris wece also obsmed 

in the subrnuasai plexus of these segments (Fig 5.3E). Approximately 82% and 59% (60 



ganglia gdi fbn 2 animais) of submwosal aairons wac labeiied by anti-F06 TF161 and 

anti-JUNB, -y. AU naoaipl &sets exhibited edmœd c-Fos a JunB lPklling 

with no obvious subsa peflrrnce (Figs 5.3Q E). Fiatbamorr, thai: appeeml to be a 

greater nuInber of unichtiflied extmgaugiionic alls tbiit npesssd c-Fos and JunB antigem. 

The n u m k  of iabeiied glia did na appcsr to k marlodly eievaed. 

In otda to test for dose depadaicy of veratridine stimutatiul IEG expesSon, the 

effiixt of 2pM veratridine was tested in aie apaimnt. The apparriit pqmtions of JunB 

and c-Fos-imm-ve n a m n s  were again elevateâ in bah plexuses compived to paired 

UllStimuiateû amtrols but not to the lmls seen in segments aested with 2 9 i M  verattidine. 

Stimulatian by 5ûmM K+ for the fh t  han of the incubation paiod dio eiicited a 

marked inciaise in the numôers of neiaonal nudei tliat expssod c-Fos and J d  antigetu 

in the myentecic plexus (Fig 5.2C). For example, 283 f 0.5% (90 gangîia h m  3 

animais) of m p w c  n a u a i s  wne iabeiIed by anti-IUNB foilowing contintmus arposure 

to this stimulus for lh. No quaiitative dinaaices wae observeci when the stimulus was 

delivered paiaiicaily (5min cm, 5m.h ceoovery; 3 animais), Simiîar to the veratridine 

stimiifnt#l segments, neurons of di aestal sub- expmwd these antigens with no oôvious 

subset ptefhmœ. Anti-F05 TF161 also hbellcd many giial nuclei in myenteric gangiia 

and gangiionic inmarmectves. 

h the submucosal plexus, periaiic adrmmsmiti . . 'on of 50mM K+ Krebs' solution did 

not markdly alta the density of neurcms diat arprrsscd nucîear c-Fos- or JunEIR 

cornparrd to paired unstimuiatecî amtds. When the stimulus was maintawd for lh, 

however, marlred Urreases in the numbers of both c-Fos- and Jun5imrnu~)reactive 



sPramethallum ( 1 0  was used to block niootinjc aicetykhoüne nmptors in k- 

stimuiateû segments but thh did na appear t~ afhm the Mehg in eitkr the myenteric 

plexus or the s u b m d  p h  pepacihons wmpared to paind Stimuiaîed conüols (Fig 

5.2E). NevettheIess, w h  the Kf stimulus was deüvaed in the absence of extraœfluiar 

Ca++ together with a compensating inaegs in Mg++ and the additim of 1mM EGTA (3 

animais), tbe nudev c-FOS- and JunB-IR in neurcms of both plexuses was almost toglly 

abolished. Interestingiy, c-FosOSirnmuiH)Lieaictive gîiai nuclei in the myentetic plexus were 

still appareat in these segments ad in one segment Uiey lppeated to incrrase (Fig 5.2F). 

5.5 

5 . 5 ~  Adiviry-Reloted c-Far and JunB m entenc nruiwrr 

This study has demstmtd that Fos- and JunB-IR are induciMe in at least four 

i m m m h e r n i c a i i y  Qnned subseis of entaic numns in the guinea pig h m .  A 

geneialiPd oeuiaial Pcti.cm was ükdy to hve a t e d  fbm the depolarizing stimuli 

used in this sady thus suppcdng the idea that arprrSSiai of both c-Fos and JunB in enteric 

neuroas was assaciatcd with iKlgsCd aermnat activity. 'Ibis nnding tends to support the 

idea that these raponses can be exploiteci to aamine synaptic interactions between these 

ceUs. In kt, neuronal activation of these antigens by K+-stimulation was îargely abolished 



in the absence of araallular Ca++, pdmbly due in pm to inhibition of synaptic 

muisiriission. ~dieocbahand,bo(hantigenspppaapdd~byhexamahoriiumand 

so n i d c  âcetylcholine nccpas do net amstituîe an indispaisable compawnt of this 

-* 

c-Fos exprrSgoa. In cenaal nemms, aitry of Ca++ can mduœ c-fa mdption by at 

least two distgia biochemicai pathways. Activation of Ca+~-calmalulinaepadait protein 

kinases induces pbqhylaticm of the cyclic AMP response eletnent binding protein which 

acts thraigh the cyclic AMP nspaise element and/or the Ca++ respaise elemetlt in the c- 

fos promokr to upegulate c-fos exprrssion (138,139). Ca++ entry can dm indue c-fos 

transcripicm by a l e s  well characterizjed mschanism that lppears to fiuiction thmgh a 

diflkmt pmoter sequenœ, tbe srum respanse elernent, Pemaps by activating the rnitogen 

activattd paieia aiscade (138). 

MOUS work has suggested that submucosil ~ ~ ~ N X I S  in the guinea pig ileum can 

be chdexi into fcra sibgiaips (3) wbaeby MP namnis ecoant fm 4596, NPY 

neuirnis fm 301, &etinin naiiais for 15% and thope amtaining substance P and Pemaps 

calbuidin (82) mah p the mmhing 10% of thae retls. If this scheme is  conect, then the 

poterrtiai for Wi npresScm appears to exist in aU submucosal namris. Furthennore, in 

some myenwtic ganglia of stimulabal segments, Wiullly aü neumis atprrsscd c-Fos and so 

Pmapsaüsubtypesofthesecdlpexhibitactivity-dated atpnssionof theseproteins as 

well. However, the pmportions of calbuidin ~ u n n s  masured in this laboratory (54) more 

clody agRes with the OripUiai observaiions of Furness et ai, (136) who qorted them to be 



ysuce in the submueosll p h .  Hence, it is iikeiy tbat this orudy bas nat aamnted for all 

of the suômucosal nannis. Fiirlhamon, thae an- probably LW less than Sû% of 

myenteric ~nnmr and so the apaaty of the rrmuiiag namnial subsets to npeso these 

antigem bas yet to be psciscly de#dned. 

Inîemitingly, @odic stimulaîh of ileal segments with 50mM K+#nitainïng 

Krebs' sdution diâ not marhdly a&# the n u m b  of c-Fos- and JunB-iiunoreaicave 

neurcms in the submucosal plexus. This may iridicate a grrater renadoriness of submucosal 

neumas or. altematively, it may rrfloct a gmim buffeEng capacity of die submucosal 

plexus due to the pmeme of estaisive ion transport systems. nie less conspicuous 

cüfkmca betweeo the numbers of c-Fos-and J u n E h m v e  neworis labelled in 

each plexus fdowing wmûiverrtridiae stimulation may support the latter view. Neverthelless, 

more unidentified extmgangiionic ceils in the submuco~ii layer were f d  to expiffs c-Fos 

and JunEIR foiiowing this stimulus and so a les diFsct mechanism of veratridine- 

stimdated antigen -on in submucoSa neurcms mnot be srclided. 

5.n m Idenriry @Fm mdJimAnn$m 

niese data do mt f h i y  establish the identity of the various Fos and Jun antigens. 

Neverthdas, both the pthcycld and the monoclonai antic-Fos =&dies labeiied nw1ear 

antigens that reactal simündy 0 aie stimuli and it seems iikeîy that at least one of these 

may be ôona fi& c-Fos. M m ,  activation of Junl3-IR iiugely paraUe1d that of c-Fos 

and was disbinct fiom the arpesswi of c-Jun-IR, sllnilar to the reported pattems of 

expzsiiai of Jun antigais in niany CNS neurms (74,75). Inferestingiy, basai expression of 



5.5~ Orner Cunnibun'orts to c-Fm and JunB m Nemm a d  &kt CelIs 

It k also hportant to mb thaî a subs&itial amount of c-Fos and JunB expession in 

neunms and other dl types sppairrd to be datexi to the isolation Wor incubation 

procedures. Physicai damage andlor discharges of fiôres during dissection may have W 

respoaJible for the semhgiy gaiaalipd expession of thse antigens in some gangiia, and 

~,iso~hheJtinalsegmentsmynotpWi&midalmodJ~ystemtocontùiuetliistype 

of sady. in fad, the 'basal' exprrsswi in prrpYations sudi as cbescribed by Kirschgessner 

et ai. (82) pcliiA#l theh use in tbe prisent sady (see Methodp and Mamiais), Pemaps 

indicahive of di&mices in the Sa1Sitivity of the techniques a the specificity of the 

neumns both in mstimiilat#l segments and a srnail number of untreated animals but it is not 

c1ear that th dbaeû in'SCpSod activity of these dis. In&ed, a physiobgicaiîy devant 

stimulus that activates detectable lev%s of c-Fos-IR in ente& neurcms remains to be W. 

PraTious wak bas shown ihat Fos and J in  antigms are induced by damage in 

Mscular smooth muscle tells (140) and this may account fa the prrsent observations in the 

vasdame. The consisiait eFos and JunB arpessim we observai in the insestinal smooth 



m ~ ~ i ~ l e c a i t s o f 1 i n a i b a t s d s e g m e n t s ~ ~ t h a r n p e s s i o n n i a y k s i m i l a r 1 y  

regulnial in viscarl smooth muscle. The stimulus fa the observai glial atprrssion of c- 

FosbPSll~tb&lldeianinsdbutri~yimid~scti~~~~ofextrinsi~mbnsbythe~ori 

(sceahoChPpoa7). F~,thisundaseaacheimpoainCeofusingac~unterstain 

to deiarnine the identity of iabelkd tells. Indeeui, the maintained or uriipssd nwnben of 

c-Fos i m r n w v e  giia we observeci in segments stimulated in the absence of 

e u i a r  Ca++ may explain the imsepsed gangüOCUc c-Fos-IR npaasd by Kirchgessner 

et al. (82) in tissues mcubated without cstrdîuîar Ca+*. Ln fact, the disûiiution and 

morphology of many of the c - F o s - i m m m v e  neurcms that they showed in choiera 

tortin-treated tissues mn nmadably nminisant of glia 

5.H C o i t c I e  

niese d e s  have demonstrareû that depolarizing stimuli induce Fos-, JunB-, but 

not c-JWI-IR in at least faa irnmUllOhiStOChernically identified subtypes of naarms in the 

guine4 pig iieum. 'Ibeit adivitydateû expcssicm suppoit9 the idea that they may be 

useful to examine naripaal &.ty and nanaial intenutions. However, the in vitro 

isolation ancüor inaibpiiai of il& segments Plsu induas e x p s i c m  of diese antigens in 

sorne naaais and in acha d s .  Hena, stimuli other than activation may amtribute to 

tbeir e q m s b ,  lad theirexpdm is not limiteci to entàc na imis .  



IMMUNOHISrOCaEMTCALLY-DEFINED SUBTYPES OF NEURONS IN THE 

INFERIOR MESENTERIC GANGLION OF THE GUINEA-PIG. 



6.1 

T h e p m i o u s c b a p c a s h v e ~ a p e s s i o a o f M y c ,  FosandJunproteins 

maweiimmiiroaalaehiv0dr,tbeenodicnrvaissystanoftheguirvapigüewn. 

ItwaildalsobeusaulmnuiiinetheÛarpcsPiminsympptheticiieniesbut, whenthis 

work began, aie descriptlai of nmmaï nibscg in the Mkior mesenteric gangiicm (MG) 

was nos weU docwnented. 

Much of the sympPthetic ouülow to the abdombai visma is suppiied by the 

abdominal piwertebral gangih (iMewed in 4 3 :  the M G  amtaùis post&angiionic nems  

that supply the distai colcm ami peivic organs w b a s  nairons in the h e s u p e r i o r  

mesenteric gangiicm (CWSMG) compk Uunnitc much of the upper gastmhfestinal tract. 

Prevertebrai neimnis may d v e  inputs h m  o<ha gangiionic oeimns, h m  

preganpiionic naua is  in the thora#,lwnbar spinal c d ,  h m  neighbouring prevertebral 

ganglia, h m  nnnais in the myentetic p1exus of the inteshincs and h m  axai colbterals of 

Pangzy afferient that -1. the (2,4,5, 14,21-23,26XI,37,38, Ml). 

Although noraQaaline (NA) was the ht rscqgiriPd sympktic transmitter, 

biologically active peptides have ken f'ound in rnany sympatbetic namnis and these 

n e u q e p W s  may also play an impoayit role in the icguiotion of sympathnc tatgets. In 

prievertebral &angIia of the guinea pig, for example, n a a a i s  contpining somatostatin- 

(SOM-) and oairopeptide Y- (NW-) immU1K)leadivity (ïR) have k m  found in largely 

exclusive subgraips together with NA synthetic enzymes (NNSOM and N m Y  newns, 

respectively) such as tyiosine hybxylase CIn) (17,2û-22). A third major group contains 

no known neUropepiide (NA/- neinais). 'Ihese major subgmups and small $roups of 



NPYISOM and maactive întatinnl polypeptide (VIP) aamnu h a .  bem eanhilly 

docummted in the CGISMG (21,22). Wbüe Smihr gcwps of aeunnis a b  otist in the 

IMG (19,21,29,142), estiwites of tbe SOM neimni papulatioa bave rPnged from 45% 

(141) to 6396 (19). In addith, the pmporhs of NPYJSOM and VIP i#mms had not 

assessd. 

D h e î e  subgiaips of amiasic fïôres within the pnvacrbral ganglia a h  appear to 

cuntain distinct neulopepljdes. For example, a nehvork of variaxe fibres amtaining 

various m i d e s ,  indincluding VIP, irises PSQmimntly h m  myentezic neunins in the 

gut waU with "infestinofiigal" (2630); ihey suuound NA/SOM and NA/- 

neumns but largeiy arclude NMWY neumw (21.30) but it is mt b w n  wtietha dKir 

distniiutiiaa is biassd with respect to NPYISOM or VIP neunns. Collateral of 

primary aaat films that supply the visœra COllStitute the iarpest wuce of substance P- 

(SP-) i m m m v e  fibres (l9,21,37). SP fibm fomi pnrticularly dense baskets around 

MP neurcms in ahet sympaihetc p g ü P  (143,144) and whüc they also form some dais 

periceiiulair baskets in the IMG (37,38,M), no spxific immUIIOhiStOCtiemicai subtype had 

been idaitifid within these stnicturies. 

Gmwiag evidenoe also indicates a d e  fim nitric oxide (NO) in the reguiation of 

neuiaiai mets (146). The NO synthetic aiyme, nitric oxide synthase (NOS), has 

=tLy kai identified by antibodies and NADPH- sictivity in the M G  of the 

guinea pig pimrtebral ganglia (147,148). NOS fibres Jargely adse drnn myaitaic and 

spinai pqangiicmic n a m n s  with pahapB a mgior cumtnibutiai by infkequent NOS reactive 

perilrarya, but it was not known whetha No5 in fibres or perürarya coIOcalizeS with any 



œ 

Iii the CGISMG, di&rait nimmal subgmups to distinct target tipsues in the 

u p p  01 aSrr W S O M  fibres uineMitt submuaius ganglia, wrog and cliculP muscle, 

NA/NPY fibrrJ suppIy the intesthai blood vasds, NN- fibns to myentaic &an@ 

and themwooa(17,18) andm NPYlSOMnarnms bmken fousd topfgl*ectto the upper 

GI tract (20). However, sympuMc NNSOM fibres ntay hove moie spaffe p~o~*ections to 

the wlmic submww p1exus (142). The disiriution of sympaMc fibre subtypes in the 

myai~pkxusofthedisialcdanMootb&nieportcdintkseanimals. 

Inordertodemminethe~mofwuronalsubtypesaodtbefibreswith whidi 

they are associoted in the guinea pig MG, double- and triple-labehg 

U n m U l l O b j S f O C ~  were employed to examine the distri%ution and co1Ocajization of 

Ta-. SOM-, NPY-, VIP- and SP-IR. The possible ~01Ocalization of NOS-iR with VIP-IR 

in fibres and peglraryz was also addnessed. In additim, colocalization of TB, SOM and 

NPY in fibries of the colonie myenteric plexus was indgated. 

6.2 HypoLbrsis 

The picportcms, wectians and asmchtd fibm of IMG wiional subtypes wii l  

dinrr wmewhat fkum thme in the CGISMG, but the distribution of these pqmties amcmg 

M G  neurcms may stiü be consistent with a madel of correlatPI1 nairochemistry and 

elecanphysioIogy of tbtse cdls. 



3 niniBry&ti.l&k 

Rimary antibodies used wae: mouse anti-neur~cl qedic  enohse (NSE), rabbit 

anti-TH, rabbit antiSOM, mouse anti-SOM, Rabbit anti-NPY, rat anti-NPY, rabbit an& 

VIP, mouse anti-VLP, rabbit anti-SP, rat anti-SP and rabbit anti-NOS (see also Table 2.1, 

Chapter 2). 

6.3~ SpocaPa~ ContnrZs 

W e  natd that ammg 9 pairs of a n t i i  Jpscific for a givm aritigen (see Table 

2.1, Cbapter 2), the kbdliiig by m01locld antibodies was gaierally les robust. 

Neverbieless, the overalï pattern of sections single-labelled by either of tfiat anb'body pair 

was othen&e similar and labdling of identicai stnrtuc*, was obsrved in s a i o n s  double 

hbened with any givn a n h i y  pair with two exceptions: the mcmcIOnal rat anti-NPY 



aiso m t i y  labelled nucki of- ail IMG namm~, anâ the rabbit anti-SP polycld 

anthmm iaôeüed a smPll number of neunnis. In spdïcîty ccmtmIs for each of the 

primary antisera (exapr aatï-TB and anti-Na) prfemicd by prdnaibab.on with the 

cognatc antigen (l(kundlmi), neither of those exceptions were blockaci by addition of the 

ccpate antigen and îhese pxesumably m-speEinc phawnnawni wen ctraraderized m e r .  

In orda to mttol for nonspedic labelling by the sscadary a n t i i y  combinations, they 

were also testeci on sections prrimibatpd with a sine primary anabody. 

6.3d puanrir&ieDoro 

Quantitative data is shown as mean f SEM. Propatims of M G  nairaral subtypes 

Fable 6.1) were counfed an 1 slide fiom each animai of sagl sections (8-15 

sectidslide), separated by at least %pm, that w a r  doub~labeiid fot TH and SOM, TH 

and NPY, SOM and NPY as weii as SOM and VIP (se Results). 

6.4 Results 

6.h Disnibraian of 1a, SOM', NPV, MP d SP-Lù 

Iii singie laWlcd SBCticms of the IMG, the Isklüng by a n h  for TB, SOM, 

NPY, VIP and SP was -y as has bsen pfeviously desai'bed (4,18,19,21.23,26,27, 

29,37,38,145,150). M y ,  TH4R was fand in most neunnis and in some fibres of aU 

nem tmks. was homogenody distniuted throughait pedcaqa of neunms and 

the apparrnt levds of TH-IR in n a m n s  and fibres was sometimes quite variable in neums 

and &m. SOM-IR was found in a hrge proportion of nairons (Fig 6.1A) whik a smaller 



popation amtained NPY-IR. W~duri neurorial namrrpl both SOM- and NPY-IR were 

f d  in pezhdmr ~tnichne~, probPb1y Golgi bodia (El), and the naums often 

cmtained 2, or innrpuently, 3 nuclei (m 6.1B). NPY aeuiais were observed Qther 

Sngly or groups that wexe usuelly amuad the periphay of the gangüai, eqmdiy near 

major nem tcunks, blood vessds and isiands of -adrienal cbromatün ceüs, ar SM 

iatensiy fluozescent (SE) alls. They wen also observed mole fkquently in the distai 

lobe, but this wasinpartafiinctionof thePizedi&iencebeiweeathedistaiandproximal 

lobes, as the farma was almwt invatiably Iarger than the latta. We acknowledge that 

çome subjectivity was i n t r o d d  when detenniiring the atent of each lobe because a clear 

gap ôetween them extading through PU sections was rarely f d .  In addition, small 

p u p s  of neumns near nerve tnmlcs were amsidered a, k M G  neuroas if they were 

c l d y  associated with the ~iest of the ganglion. PerivaScufar fibres in the IMG contaid 

d u s t  MY- and TH-IR. Occas id  daise, @cellular bPslrets of fibries ~ e r e  f-d with 

ali SOM and NPY antifbodies but boch SOM- and NPY-IR appeand weak in nerve tnaiLP. 

A deme varhse VIP fibre nawaL was observai througbait most of the ganglion 

but usually appeand weaker in nerve ûunks and was -y excliulcul h m  splanchnic 

m e s ,  SIF œii ishnds and -011s of NPY namm clusters. A smd popilation of neurons 

was found either singiy or, less fbquently, in smaü cîuskrs (S5 cells) in the distal lobe near 

the wbiiic, hypogasaic end splanchnic m e  tninks. A network of vari- and 

nonvariCose SP fibres extended throughout almost the entire 





lobe (d.1.) of the MG. (B) Although rmny aeumis sppaaod to k bhucleate, a rare, 

appariently trinucleahc neunni can be 56en. SceL bar: A=-, B=mpm. 



CoIscnfi7rdjon of IZI-, SOM- rad WFIR 

In sections W e d  fOt TH aad either SOM or NPY, both SOM-= and NPY-IR 

were found in subgroups of TH nairoas (Figs 6.2A-D). O f d  TB rnumns, 79.8f 3.5% 

(meanf SEM; a-5 animais) amtained SOM-LR and 22.4k1.996 (n=5) ccmtained NPY- 

IR. in ail cases, neimns weie d y  oounted w k n  perinuclear labelhg was eviderit 

although binucleate (and trinwleate) nemm weze wereted as one œil. nieSc popiiations 

w a e  not exclusive and s, these data do nat aamnt for those nnmins with TB-, NPY- and 

SOM-IR (see below). In addition, l.7f 0.7% of SOM nems  and 6.5*2.9% of NPY 

neurons (eadi about 1.5% relative to TH neumns) kked descctible TH-IR. SOM- and 

NPY-IR witbin ganglîonic nbns or nem îrunk~ wme often ~01OcaliPed with TH-IR (wt 

shown). In sections fbm 2 animals that wme double-iabeiled with anibTA and anti-neuron 

spdic  aiobse @ISE), we cmfhmd tbat a s d  pmptiiai of nairais  kksd TH-IR but 

the intense labdliag of fïbm by anti-NSE did not pwide optimum conditions for counting 

individual neumm (nat shom). 

in sections b m  8 animpls d o u b l e - W  fbr SOM and NPY, a small but not 

negiigibie pIoportion of n a u m s  and fibres amtaincd both &gens (Figs 6.2E9F, 6.SC,D). 

NPY/SOM nemms, alone or in clupias (4 œ W d o n ) ,  were most fieqmtly f d  in 

the diStPl lobe, particularly aair the hypogasccic and colonie neme 





Fl@m 6.2 Fiuarescence miaogrqhs of 'TH-, SOM- end NPY-IR in doublelabelled 

secticnu of IMG. Alibaigh most neunms amtained TH-IR, mne iwmns with SOM- or 

NPY-IR (A, C) lrhd -le TH-IR (B, D, amiws). The light lPklling of nucki by 

the NPY antiboây was appmtly mpscihc (&SE Mechods and M&erMs). Some oauons 

with SOM-IR (E) a b  amtained NPY-IR @, urows). Scale bac m m .  





6.3 ~~ niicngnphs of SOM-. NPY- and TH-IR in tripIe-labelled 

S6Cticms of MG. Naimas with SOM- and NPY-IR (A, B. anam) o h  loclred ~~IR (C, 

arrowo), and rare nnmins amtaincd NPY- but n e i k  SOM- nor TH-IR (A, B. C, double 

arz~ws) .  Oiha nan ins  with SOM- and NPY-IR @, E, mows) cleady amtained TA- 

(F, anows). !kalebai: -. 



tninks. in ssctiais fkom 5 mimPls, 3844 SOM namms, 1063 NPY ncumas and 285 

NPYISOM anmns wene cumtad, yieldiag a d o  of about lW: 1. Both SOM- and NPY- 

IR were a b  faud colocaliaed in a small puportion of intragangiionic f k s  (not sbown). 

ril ssctiau fim 4 animals tripie-labelid for TH, SOM and NPY, NPYISOM 

n~s~lacloed~IRMdinfiiepmtNPYnamnsmrrfdtokkbahTH- 

and SOM-IR (Fig 6.3A-C). Eowever, oYher NPY/SOM n a n m s  c l d y  amtlined TH-IR 

(Fig 6.3D-F) and TW- aamnis weme d y  d y  f d  (Fig 6.4A-Q. For example, in 

sections h m  one animal in whkh djrait sections contaid 1071 SOM neimnis, cmiy 4 

such neurons were f d .  Most or aU of the NPWSOM and NPY neurcms that kked TH- 

IR probably ccmtained VIP-IR (see below). The&he, at ieast six sub- of IMG 

neunnis couid be ncogirizcd; NAISOM, NA/NPY, NA/i NA/NPY/SOM, 

ViP/NPY/SOM and VIP/NPY Cui awdanœ with convention, we use NA rather than TH 

to designate the noraQemrgc arbgmups). 

6.k D i s n t b u t i o n q f M P . S P u n d N O S i n E C b n s d & ~ a  

In adjacent îabekd sections and in sections triplelabelid for W, SOM and MY, 

the VIP neamas invariaûly caitnùied NPY-IR and moJt of these muons  (48 of 59 neurons 

h m  3 anllnals) alm mtained SOM-IR (Figs 6.4D-F). VIP n a a m s  were o h  clearly 

associated with daise paidular baskets of SP-imm-ve nbns (Figs 6.5A,B). MP- 

and SP-IR were aiso faud daaüzed within rare fibres and VIP fibres wenz mostiy 

excluded fiom tegions of NPY neurons, including those with SOM-IR (Figs 6.5C-F). 





Figure 6.4 Fluomceaœ miaiogrrpbs of TH-, SOM-, NPY- and VIP-IR in triple-labelied 

sections of MG. In d o n s  tzipblabelled fbr TH, SOM end NPY (A€), d numkn 

of i#mriis hth TH-IR (A, ano~) k k d  boih NPY- d SOM-IR (B, C, -s). In 

sections triple-Wed fa VIP, SOM and NPY @-F), the dense VIP fibre network was 

iargely excluded fiom iegions of VIP neurais and most nemms with VIP-IR ah mtained 

both SOM- and NPY-IR. Sale bp:. gqim. 





F@m 6.5 Fi- iririqgrcipbs of VIP-, SP-, SOM- and NPY-IR in doubIelabeiIed 

SaCtionsofIMG. InaSBCtionnearthesplaadnicnemdoubb~faVIPandSP(A, 

B), namiiu with ViP-IR can k ssm to EBceive a pticukily rich supply of SP fibres 

(arrow). h Idjiuxmt sections (C,D and E,F, rrspectively) aimg the iieDphay of the IMG 

behveen the hypogastaC and donic aans tbat were daubielabeiled fix either SOM and 

N P Y ( C , D ) o r V I P a r d S P @ , ~ , V L P f i b r e s ~ , b u t n o t S P n b r i e s ~ , a r a e d y  

excluQd fFon regions of W S O M  nnm*is (C, D). Fi- with both SOM- and NPY-IR 

(C, D, c i m ~ )  or VIP- and SP-IR (E, F, arrows) GUI also be seen. LabeUing of m e  

neurcms by the SP anhibody was appently ncmspcific (me Methods and MteWs). W e  

bar: 5 û p .  



As recently repatsd by ochas (147), vari- NOS fibies and innrquent perhya 

wae Q(eacd by NOS sitisium md NADPHdbPhome SIaining. Inteme NOS-IR was 

appermt invarioo6ietibrrswbosedistribuiimmembld tbaîofVIP fibres w b w e a k e r  

NûS-IR was qqumt thtaighait the gangiïa. In sections doubbIabelled for NOS and 

VIP, sorne wl-on of NOS and VIP was fiwnd in va,ricœities but much of the NOS- 

and VIP- appgffd to be amtained in distgict vabsitiies ( F 4 i  6.6A.B). Many of the NOS 

neunnis also amtained detectable VIP-IR (Fie 6.6C,D) but mme NOS- and VIP-IR were 

fouad in difleient nemms. No col-on of NûS-IR with @-IR was fand (not 

shown). 

6.4d Dtbihtion @MG N e u r v d  Subtyps 

The quantitative data were obtained frwn sections double-labelleci for TA and SOM, 

~ a a d N P Y a s w e l l p s S O M a n d N P Y ~ b l e 6 . 1 ) .  hviewofthedistinctionbewen 

NA/NPY/SOM and VIP/NPY/SOM neums rievealed in triple IabeUed sedims, the 

pmportioas fnmi each animal wac adjusad to aamuit fot those wmnis. First, al of the 

SOM and NPY nanais that iacksd TH-IR were assumeci to qmesent VIP/NPYlSOM 

neurais. Although this ~ssumption was îargely ûue, a few VïP/NPY n a u a i s  lacbed SOM- 

IR (= above) but the smalî pmpmion dwy repzmted were not amsidered. S i  the TB 

neuims accuunted for aimost aîl oeumis, the pmporiions of each of the nain-TH-SOM and 

non-TH-NPY graips were eqmsd as proposions of TH n e u i m s  and averaged to &tain 

the pciportion of VIP/NPY/SOM neunms flabie 6.1). 





F'ijpm 6.6 Fîmescmœ mi- of VIP- and N06-IR in double-iatded sections of 

IMG. W y  aauoa~ with VIP-IR (A) also containexi NOS-IR (B) and andme No5 n a u m s  

did not amtain dcbecEaMt VIP-IR (A,B, pmw~). Strongiy URmWnnEaCtive NOS 

VariCOSitk @,D) -bId mMcd thoacth VIP-IR (A,C), but wealm Na-IR WPS apparait 

throughout most of the &an@ and *a a i s  k ssen in a hypogaaic nave (B. h.n.). Some 

of the VIP vericosties (C, anaws) a b  amtained stmg NOS-IR @, amms) but much of 

each appears to k in distinct varicosities. Sale bai: A,B= looF.im, C,D=%m. 



A l î b g h  these caiculaticms intmducsd d errors, the relative pnoportiais obtained were 

consistent with air qualitative okmtiolls in triple-lahpfled sections. Fmhemme, simiïar 

~~~l~wenob~whmthepopa~dVIPnanaisinSBCti~ll~double-Jabelled 

for VlP and SOM wae expnsacd nliitive to the TH neuiais in s e a i a s  double-labelled for 

TH and SOM flMe 6.1). 

~PmpaiimofSOMneunnisthatcontaùiedNPYweneihead~and, fkom 

biis, thepopoiti~~~thatlrkedTHwassubtraicfedtoobtaintheprciportimofSOMneimns 

that containeci both NPY- and TH-IR in each animal. The poportion of NPY neurons that 

wntained both SOM- and TH4R was dcuiatetî simüady. These numbers were then 

expressed as pqmtions of TH neumiis and averaged to &tain the proponion of 

NA/NPY/SOM nanms pabk 6.1). 

The poportims of NA/NPY/SOM aamms were then subtracted h m  each of the 

proPoriions of TBlSOM and TEI/NPY neiarnis to anive at aarectrd figures for 

NA/SOM and N M Y  nairais, nespectively. F i d y ,  the pioportians of NA/- neurons 

were thse TH nemms that remained. No clear diffénaices assocWd with animai size 

were noteci but one large animal (632g) had both the least NAlSOM (65%) and the most 

NA/- (13%) neumiu. N d l e s s ,  the pqmtipoportions of other subtypes did na vary 

marlredty fÎmn the average in other animais (na Jhown) and so these data were pooled. 

6.4e DMrm~on ofSynpakcric Rbm in the Myc~enc PIaur of the Dinal Colon 

Sinœ these observations mealeci that NAI- neunni:; were rare in the IMG, the 

compaffd the c01Ocalizaticm of TH-IR with SOM-IR and with NPY-IR in the myenteiic 



plexus of the disial don.  As pmiously desahl in singidabekû whok mount segments 

(2,124), NPY- and SOM* wac fand in sane myenteric namas and many VSVicose 

fibres, while TH-IR was faiad in varicost anâ non-MViagie fibres. In QubIt&ded 

~egments,mostNPYnamnssadBbreswerrslsonindb~~llGiiaSOM-IRwtiüesome 

SOM nnmns and nbns did rot have deaectable NPY-IR (hot shown). NPY-IR was found 

in only rare fbes  colocahed with TH-IR but a d d e r a b l e  pmpdon of TH fibres also 

containeci SOM both in myentetic gangüa and in the artiary plexus (Fig 6.7). Zn segments 

triplelabeiied for SOM, NPY and TH, none of the TH a WSOM fibres wexe faud to 

mtain NPY-IR (not shown). 

TpMr 6.1. nopatioos of IMG neuronal &types as percentage of NA neumns (mean + 
SEM, n=5 animais). 

Neuroris ownted as ncm-TB-SOMIMlPY- " 
VlP n e ~ r a s  aoioitai by cornparisai with SOM in double-labelled sections (n=3 

-) .tl 
Appronmate nurnber obtamsd by subtraction. 

#neu~ons 
counted 

pMG = pronnial lobe, dIMG = distaL lobe, tIMG : 

4000 1049 250" 





FSguce 6.7 Flumsœnœ microgiaphs of TH- and SOM-IR in dwblelabeUed myenec 

piexus of the cüstai colai. Some fibm in the tatiary plexus (double plows) and in gangüa 

(m) amfairied both TH- (A) and SOM-IR (B). Sark k5Qm. 



6.5 DIsePsoion 

6.50 M@ot N e  SuaypCr iA dic MG 

ûurdataamfirm that NA aamnisrramt forthevast rnajorityofguineapig IMG 

mmas (4,19,14!i) and indiate that NNSOM and NA/NPY namnu comprise about 75% 

and 20%, Rspctively, of these numis. The nmsinuig 5% is compoded of NAI- and 

NA/NPY/SOM neunnis while about 2-396 of al1 M G  neurons Iaiclced --IR and most or 

aii of these aeumas also caitained W. Small subdivisions within this VIP subgtoup of 

n e u .  were also apparent as a féw kW SOM-IR, mme ccmtained NB-IR and a srnail 

proportion of No6 nnmins iacked detemble VIP-IR. Given the smaii propoition 

rqmsented by ail of these omall subgraips (about 2-3%), it was not posoiile to establish 

reliable estimates Rgardllig their nspecbive sim. 

Our data indicaîing thaî about 75% of neunms are NA/SOM newns ciiffer 

markedly nOm the 45% reprted by East et al. (142). Since the proPoaion of NA/- 

neuEons ume oMaiaed by subûaction, it is Pemaps not surprishg that the present esestimate 

of about 14% foa these acurons is llso substantially diflr;érent dian the 30.40% esthakd by 

those investigators. Whik -me difnrriia might be attaiutable to variability in labelling 

intensity, variability behvan animais and the presace of muitinucleate namnis, these 

f i a c m s s r e m u n l ü r d y t o a c c a m t f o r t h e s e ~ b e c a ~ ~ o u r ~ ~ o n o f  

tDQlNPYneimnisisnmarkPblycaisistaitwiththeirownmdMoiherpswi~~~esiimate 

(23). In addition, SIF cdls in the IMG may amtain various combinations of neiiropeptides 

and NA (150) but these d s  are &y morphologicaliy distinct from n a m n s  and the 

po~siiility that a smd number were identifieci as neurons in the piesent study 



s g m ~  ualürdy to amant fbr tnU îarge diffama. Even rime enigmatic is that Kast and 

her coworhas ekuiiincd ganglia tcmted with cokhkhe which inclcasa the apgarait leveis 

of NPY-IR (23), probably by inhibitmg peptide wiuit out of aanaial plihryp (151), but 

tiieeeofodcbicuie . * anSûM.IRintheseneurorisbavendxene3Eamined. Itis 

possible tbat SOM-IR is depleted by artirpnton pndlor incubation of the ganglion as Keast 

a ai. (131) exami& ody ganglia inaibaird in vitro. In this rrspea, it is perhaps 

noteworthy tbaî our measure more c l d y  appaches the initial mgh esthte of 63% 

ieported by H5Wlt et ai. (19) in ganglia similar ü, those in the pesait study. 

Finalîy, diffetiences in a n t i i y  SeHSitivity or specificity may aocount Tor these differences. 

Neverttieless, both SOM a n t i i e s  used in the piesait shdy W e d  similarly krge 

Proportio~ls of IMG neurons. Furhmme, a rrpoit published afta the completion of this 

work d e s c n i  Smilady iarge prcportons of SOM neuropls in this ganglion (152). 

Mdtinucleate neurais in prevertebrai ganglia me M y  to result from abrogation of 

cytokinesis duaing the final mit& mats in those œlls (153), but theit signiscance of their 

ocamena rrmains to be demniined. nie Ptiportions of heterochromatin and euchromath 

in nwki of binuckue neurpns of the CGISMG are not d i f f m t  from those in mononuclear 

neurais (153), suggesting that this phaiomemm might pmvide a rcteans h increased 

overail gene erpnssim. (ni the other hand, pro(ein synthesis and axcmai transport rates in 

binucleafe oamnis of the rabbit qerior cervical gangKan are rmt diffkrent h m  theii 

mamauclear oounterparts (154). Interestingïy, binucleate cdls are common in cleavage 

anesîed human embiyob (155). and the n u m b  of binucleate rat hepatocyas are reduced 

during regerieration (156), suggesting that multiple nudei may somehow antribute to 



maintenance of a non-miîatic state. 

65b YLP, NOS ond SP iir tk MG 

Iiianstingly, W VIP subsets exhibit socne sunilarities to, and some diffiémœs 

hm, those in aha abdoniiiial ganglia. For example, NPY and SOM are distributeci 

simüaily in NPWSOM Pd VIP ncuroas in both tbe CGISMG (20.22) and the MG. 

However, subgmup of WP neurums with and without NA bave been leported in the 

CG/SMG (20) but TH-IR appvrd to be kking  f b m  aU V P  nauor~ in the IMG. UnIike 

the case fbr NPY and SOM neunms where the disçrete subœliular distribution dowed 

unambiguous identification of immunaRactve tells, the homogenais CytopIasmic 

distribution and variaôle levels of TEI-IR in the present study may havc allowed a small 

number of NAMP namnis to be werlooked. On the otha hand, although some Na- 

and W-IR weze f d  qmatdy  in some neunnu, as they are in the CG/SMG (148), they 

were alsa fiquently fwnd colocahxi suggesthg thst th& popilation more closely 

resembks VIPINûS neurcms in pelvic ganglia (149). niis may support the idea that most 

orallMPwuionsintheIMOaitidaitidtoLhediolinagicnamnisintbis&an~on 

(4,152). Finaüy, the SÉlBCtive asochiion of SP fibm with VIP namns in the IMG 

zesembies a siniilar assoCiation in the stdaie (144) and paravertebral ganglia (143) of these 

animais. Haweva, the significance of the b i i  distniutiiais of SP a d  VIP fibm is 

unclear becam many IMG neurcms apjxar to d v e  pca'iphrral inputs h m  both primary 

afhaent and infestinofugal fibns (9. 



Theexdusi011oft&VIPnkenawodcfwarcgi01l~ofNPYnamms(30)appears 

to include aU NPY i#mns iiK:luding tnosc with SOM-IR (Fig 6.5). While this may be 
. - c o i a c r d e n o e , i t i s ~ g a ~ s p e a i l t e t h p t N P Y m a y d i n d l y p f i t a t h e ~ o f t h a e  

nbRS. Some of thse V3P fibxes a b  amtainsd NOS-IR (Fig 6.6) but much of the WP- 

nature of the neiimial populatims contributhg t b e  fiôres which may include VIPfNOS 

neurcms in the pdvic plexus (149) or ml& rnptezic neurons in which ~ 0 1 ~ 0 1 1  has 

not been APOl$d. At least some of these fibres may have arigiaated frwn any of the VIP 

andlor NOS nnmnis within the MG. Indeed, gangüon neurcms are a potential source for 

any of the fibres neponcd herein as intraganglionic MBCtions may not be humsiderable 

(157). 

6.Sc ?W$em*oionr @MG llkwont in the D W  Cbbn 

The abundsna of NNSOM neuroos in the IMG also appears to be refîected by the 

distniution of SOM in many TH fibres of the distal colon. It is possible tbt some of these 

wlonic NAISOM fibns originated in o t k  sympathetc gangiia (14). but most are M y  to 

have arisar ûom the IMG. aenCe, the ~~o~*ections of NA/SOM neurons t~ much of the 

enteric nervous system appairs to différ khv&n the large and smail bowel (17,142). It 

maybemorethancouindence . 
that the of both intrinsic (123) and aminsic SOM 

neuroas appar b düfa ktween the myenteric plexuses of the h m  and the cdai. 



IMGA~UI~DILT 

lirterestuigiy, the diswvay of tïuee eiamphysiologicai subtypes of 

pnva(ebial gangkm nauais distinguished by membrane pqmks and artrinsic 

inputs @1,142,15&160) raisrd the posg'bility that lyulopeptide content and eiecûical 

bebaviour are! coarlaosd and m y  ideritin, fimctiotial suôsets (142,1591, arialogous to the 

"chernical codùig' desc r i i  for enteric m u r o ~ s  (3). Bassd on their occunena and 

distribution, it bad been pqosed that NA/SOM nnmins are those that behave as "taiic" 

£king neurons, NA/NPY neurcms axe 'phasic" firing neurons and NA/- netuons are "long 

af?er-hyperpolaanngw (UWI) neurcms (142,159). Cocisistent with this idea, Keast et al. 

(142) f d  that SOM-IR was prefétentiaüy f d  in tonic f i ~ g  n e ~ n s  in both the CG 

and IMG, but some phasic nring neunnis in the M G  also contauied SOM-IR. Given our 

observation that about one nWi of NPY nanais also amtain SOM, it is pws'ble that these 

phasic SOM neurcms also amtained NPY. This i&a may dso explain why phasic SOM 

neurcms wae nd fand in the CG by n al. (142) k*uise NPY/SOM neurons are 

alsomorerare(20). nieScarcityofNA/-neuraisiniheIMGalso~Urideathar 

these neumas are identical to the rare LAH n a u a i s  (142,159). It may be intetesting to 

detennine if subchses of phasic and tcmic neurioris (161) reflect di&rat combinations of 

pptidam. 

It is a h  l l~fe~orthy that the aclusim of V I P - i m m m v e  intestinofugal fibrps 

fbm NPY namns appea~ to be reflectd by weak a absent periphaa inputs to phanc 

neurms of the CG (3 1, MO). However, a simüer bias of VIP fibres in the IMG, including 



their exdusian finnn NPYISOM narmiu, is more ciifficuit to isconcüc with the me 

propatian of IMG namms (about 90%; 141), including phask namias (142), that Rceive 

i n p u î s v i p t h e ~ i w r r a .  S i n c e N A l S O M a n d N A I - n a u m s m e b y M P  

fibns, any m-ghbouriiig N-Y or NPY/SOM neurcms Mght aisa then be wced'ble and 

the giieater density of NA/NPY naimas in the CG may then simply allow foc more efficient 

exclusion of these fibreil. 

6Se Conclum'ons 

lhest data indicate that the pmqmtions, pojections and arsociated fibres of 

immunohisbchemica l ly~  IMG nauonal subsets are not idaitical to those in more 

rostrai pnzvertebral gangiia. Nwertheîess, these subtk ciifferences may also refiect 

fiirictionaidistincti~ll~ihatbaveplsobgn f d ,  and sodiesedataalsotad to support the 

id= that pmreriebral ganglion namns are "chernicaüy calal' with rrspect to th& 

immUllOhiStOCbernical content, membrane Popmes and their inputs. 



ACTIVATION OF MIS- AND JUN-IMMUNOREACTlVITY IN THE GUINEA 

PIG w 0 R  MESENTERIC GANGLION BY CONVERGENT 

STIMULATION OF ENTERIC AND PRlhlARY NERVES 



7.1 Iiitrodudioa 

Namns in the guinea pig infmor mesenteric ganglion (MG) supply most of the 

sympethetic fibres in the distal cdai (4,14). As in otba rympithetic gangka, mast M G  

neurcmsareaaiadnrrrgic, n e e e i . U i p i t s ~ t h c ~ I u m b Y ~ c o l d ,  and some 

contain mmqqtide Y-immUKnieaCfMty @û?Y newns, about 20% of IMG mirons) but 

other subsets of M G  aeuroas iirlude those containing sonnmmth (SOM neurons, about 

75%). both NPY and SOM cNpY/SOM nnnms, 4-75) or neither NPY nn SOM '/- 

neurms; 1-596; see Chapter 6). M a  or aîi NPY neurcms pmject to vasaibhire (18), 

NPYISOM neurcms include Jome choiinergic neurcms and may uuiemite peivic viscera 

(149,152), and SOM and 4- nemm @ect to the myenteric and submucoSa plexuses of 

the mteric nemous system (ENS) in the d of the cdai (142,Chapter 6). 

The ENS amtains its own peripheial reflex circuits of sensory, intemuncial and 

effectln neumns that regdate intesiiripl fiinctions, and some myenteric neurms also have 

'intestinofiigal" m B C t i ~  to the pertebrai ganglia wheze they may nfiexiy n!gdak the 

sympathetic outfiow to the gut (2,5,21,24-36,141,142,148,160,161). niese pxipheral 

inputs to the M G  fomi chse Vanaose netumks of mmppticleumtaining fibres that are 

most c l d y  asmckd  with SOM lad -I- neurons (Chapaer 6), aîthough it is not clear 

whaha any IMG tmmd subsets prr preferientially affecfed by coicmic stimulation. 

Rimary afnxnt nbrrs that accompany sympkîic m e s  to the visoaa ais0 give 

rise to axai wllateials throughait the ENS and IMG (27,37,38,14). The ul t rastn ic~ 

and neumcbenristiy of these fibres are sllnüar to llociqtive affetent fibres in other tissues 

and they a~ thought to min%ute to the smsation of gastrointesiinal pain (12,13,40). WUe 



othapaiphaalIW)Ciceptivefibrrs,thge~tnbraeanalsobeacu~yactivstedand 

chrorucally inhibiteci by capsaïch, the nnaaoaic extmct of hot pppen (41), and they are 

~ b e l i m d b m t r i b ~ e ~ M a n d s u a a m d i r i g ~ b n o a i a u s i U n u i i b y r e l e a ~ e  

of M h m a b q  mcdiplois fbn p a i p h d  navt taminals and axa, collatenls (12). 

h a n  collanrals of these Jympathetc a&lait fibres may also activate mpheral 

reflexes in the ENS and LMG. For example, stimulation of col& mes or 

mechanosiiJory stimulation of isoiated coiaiic segments has bsm shown to increase 

synaptic activity in nanais of the attached, decentralized IMO, pbably refleciing release 

of aœtylcholirie (Am) anci nailapctve peptides ftom intestinohgai fibres and release of 

nemaetive peptides fiom piimary afkrent fibres (24,25,3l933,3S,%, 141,142, 160,162). 

In fkt, the activity of most IMG ~urons is thought to refiect integraticm of inputs h m  the 

central mous  system, b m  neighbouring pmerteC,ral ganglia and from both groups of 

periphed fibres (5). Nevertheiess, it has not kai possible to demonstrate 

e l ~ y s i ~ I o g i c a l  responses of the IMG and PIS neurcms in intact animals. 

Furthenmre, the extensive disedon and manipuMiai required fa electrophysiological 

analyses may weii have amtributed to the caisideiable "baia activity in those preparations 

and this rmy also C O I I f d  CO(ISiderati011s of activation thresholds. 

An alternative a9proech exploits the rapdly mduced expeSgcm of nuclear Fos and 

Jun probins in a c t i . .  namnis. For example, marie m s  in the ileum may aü &are 

the capacity to apess activity-reladed c-Fos- and J w i B - i m m d v i t y  (-IR) (Chapter 5)  

although basal leveis of c-Jun-IR are seemingly unaffected by aeumaî activity and it is not 

yet clear if those responses occur in the cdonic ENS imder any physiolOgical conditions. In 



fibres (71). PriesumabIy, rore focal intestid inaammation might also dvate c-Fos in 

neimniswithinpaiphaaleritaicmd~naexpathwaysthatimrolveoies~res, 

b u t t h i s h a s n o i p r e v i o u s l y b e m ~ .  

This study was initially Mdermen to examine wite mpmses of c-Fos, JunB and 

c-Jun antigens in c- nuFoaal subm of the IMG, and in the c01cm.i~ ENS, 

eliated by amte acetic acid-induceui colitis. H m ,  nfcrdiag of wlitic animais was 

found to be nguirrd foe any 1~iespo11se, and the spoadic ~ h m  of responses in that mode1 

required the developrnent of a more reiiabfe mode1 sysiem to costllnulate low threshold 

neural activity and capsaich-sensitive primary a i t  fibres in the colon. Based on these 

studies, a modd for aactivation of c-FOS- and JunB-IR in IMG neunns by convergent 

stimulation ofpcimpry afferent and infestùiofugal fibres has beai proposed. 

7.2 EypotbcslP 

Immummaivity for c-Fos and JunB wili be activateâ within SOM and -/- newons 

in the MG, and pertilpe within neuroas and/or giia of the mldc ENS, by appq&@~ 

colcmic stimuIaiion. Activation of these potpns may be di&rentiy a&cted by low 

thrrshold, mechammmq stimulation andlor by activation of cspsPicin-smsitive affererit 

fibres. Some basai enpression of c-Jun may a h  be evidait in the IMG but may not be 

acutely aitered by those stimuii. 



Z3b SndimofRcrrteColirils 

For inductian of amte coiitis, animais were lightiy amsktbd with halothane (4% 

in 4) anâ an enana of O.Sm1 of 2% acctic acid in 0.9% saliae was delivemi approximately 

7-&m fhnn the anus. The same volume of satine alar was u d  as a ammL Grwps of 

acetic acid-ûeatd and saline ûeated animais were aiiowad to rieoover and either Rfd (chow 

and/cm leetuce and ainot9) or cantinued usd fast. 6ist Wh, bey wen reanesthetized, the 

M G  and distaloolon were removed, and the animais were iciüed by exsanguinatian. 



Ui ooe set of arpmmCats pedbmd by Cadiy MacNaughtcm, animais were 

anesdietizcd and cripslicin (0.2% dis9alved in a vetiicle of 80% saüm, 10% Tbea-80, 

10% ethanol) was delivered inhacooaically (-y &rn fiom the anus) or the dinal 

cdoa was RmoMd and capsaich or vehicie was applied to the mesenteric attachment 

(betwem appn,xha&iy 4-&m h m  the anus). In PU foilowing apainaits, the enectJ of 

intmco1aniC capsaich aaumait alone was compnrrd to capsaicin or vehicIe cornbinexi with 

ballm stimulation of the distal colon. For thac experhmts, a smaiï baüoan, made hwn 

the fhgertip of a iatex glwe, was immkû in the colon about &m from the anus foiîowing 

Capsaicin or vehicle treatmmt. nie baîîocm aras infiated with 5qil of saline such that the 

diameter was siniilat to that of a fccal pellet ('ximiely 0.5cm). The baiioon was 

siowly withdrawn from the colan over a peod of about a minute, and this procedure was 

repeakd way Smin (6 times) in O.%. Anùnals tnated with capsaicin alone aiso remaineci 

an- for O . f i ,  aU animais wae dowed OD m e r  and they caitinwd to fast for 

anothet Zh. Animais wne thai reanesthe2ized rnd the IMG anci distal colon were removeb, 

grossiy exvnmad and nxed. 

Z3d eirann'w-sis 

Quantitative data are shown as meanf SEM and were obtained h m  one siide h m  

each animal tripleilabelleci fot c-Fos, SOM and NPY (see Table 7.1). Namnis were 

de- as c-Fos-positive when nuclear Melihg was cleady evident and the nonspecific 



7.4 Results 

7.k C-Fm, C-J~lll ond JimB in Untre~ed AnUnols 

In sections of the IMG h m  untreatd animais, the c-Fos and J w B  antisera were 

found to label some m e  fibres and to M y  label the cytoplasm of all neumns, but 

nuclear kWIUig was not fwnd (n=3 animais). nie c-Jun antiserum also Iabelied the 

cytoplasm of IMG neurons, and nuclear c-1un-IR was ais0 eMQat in M G  newons of 

srnalia anhah (<250g, n=8 animais, sk Fig 7.1) but less ev ih t  or wdetectable in 

iarger animais (>JOOg, n=6 animais). Tbe d e r  chromaffin d s  SI methes containeci 

nuclear c-Sun-, c-Fos- and JunB.IR as weli (not shown). In d m  triplclabelled for 

SOM, NPY and c-Jun, large subas of SOM neumns and NPY neurons, and smaller 

groups of NPWSOM n a i r a i s  and 4- nauais, were Visilc. Whai pment, nuclear c-Jung 

IR in double- and tgplelabedled sections was fand in some namns of aU of thcse subsets 

but was usuaüy most evidait in SOM anci -1- neurcms @ig 7.lE,F). However, no clear 

assc~Mon was fôunâ betw&n any of the eqdmnîai paeduies (see below) and c-Jun 

expiessimudsothiswasnot~haraicterlzed~. IntheENSofthedistalco1on,~-Fos- 

IR was absent in both the myentexic and submucosal plexus of untreated anMals (not 



Z4b C-Fa ond JlmB in Arne Oü& 

In prrlllninaiy apmmeats, 2% oadic acid (but not saünc) was fand to 

amhtentiy induce a miid coiitis within 3 4  with oôvious muaxai hanonhaging but 

aninials showtd a, obvious signs of dism~s anâ wouid usualiy eat when allowsd. Nuclear 

c-Fos md JunB wexe iaduced in IMG narmns within 3-4h aùy when the ammals were fed 

followuig treatment. Therefore, grarps in subse~uent studies included fasted 

anuMis tbat were üeated with saiine and amtinwd 10 fiut ( n = 4 . 4 ) ,  treated with 

saline and ref'ed (n=4), treatEd with acetEc acid and continuxi to fast (n=8), or asUed with 

acetic acid and refed (n=8). Animais wen a l l d  to ie~aver 3 4  before dissedon in 

order to provide tirne for ~feeding and induction of these nuclear antigens. Nuclear c-Fos- 

and JunEIR were d y  absent h m  IMG namrns of saline tnated animals dthough a 

small pqmtion of oairooll nuciei a m W  ôoth antigens in one animai. In triple-labeîied 

sections )Mn this animal, these immWKlfeaCfive neurons included m m  of aü 

neurochemicai subscts (nd shown). Similariy, in acetic acid-tnatd anllnals that continued 

to hst, these nuciear antigaio wae d y  ab~ai t  (Fig 7.1A) dthough c-Fos was found in a 

srnail number of ail neuronal subm fiom ane animal. In aœtic a5d-treateû animals that 

were Rftd, nuclear c-Fm and JunB-IR wae found in many IMG ~mnis of some animals 

(Fig 7.iB,D). In daubie- and triple-labelled sections fmm these anirnals, both c-Fos and 

JunB were found to k most evidait in SOM and 4- nanais (Fig 7.1B,C). However, this 

respoiise was highly variable: in 1 animai, nuclear c-Fos was found in 79 of 234 SOM 



namrismd3of6-/-namm~b~tdy30fSlNPYnanoiissd00f4NPYlSOM 

namnis. Bothaat igauwcn:substant ia l ly les s~th3ocha~of ih i sgroup 

while no c-Fos or JunBIR was seen in the IMG of anotk 3 animais. In the treated 

segmentsofdisialcdcm. c-Fos was ~ c v e r  fowd in the mycnferic plaiu ofany animais 

although some vay niat hWling was SO- scen in rase n e u r ~ ~ l s  and more abundant 

sttraoairoriai ndP, probebly ûeionging to gliZ within the submicosal plexus h m  aceaic 

acid maDed animais (Fig 7.2). 

7 . 4 ~  C-FOS in Ckpaicin and BoBoon S ' e ù  Am*& 

In d e r  to disbinguish whether activation of capsaich-sensitive m e s  might have a 

rolein thereqmsesofIMGneurons, thedisralcolonof3 animals mis surgicallyeqmed 

and 0.2% capsaich (na2 animais) or vehicle (n- 1) was applied to the mesenteric border 

of the distil don  to activate the fibres supplying the colon. Both c-FOS- and JunB-IR were 

apparent in a small p~oportion of IMG neurais, mostly within SOM and -1- neurcms, of the 

animal tmted with mesenteric vdllcle but this response mus markedly elevafed ti the 

animais ûeated with memteric clpsaicin (not shown). In the intestuies, c-FOS-IR was also 

found in som glial nuclei and fmr n a u m s  within both plexuses of the vehicle-b.eated 

animal. and this laklling was incie9ssd in the capsaich- hreattd animal. Sinœ this 

proceûm involved cmsiderab1e manipileton of the cdm that i tdf  appeared to activak 

some M G  neumns, a simiiar dose of capaich was delivered intraluminally in another 

animal. Despite obvious physi01qpicai e&cts of this trieatment, including transimtly 

eteMted respirabion, heartrate and f i t  traœs of blood on the mucosal suface, intraluminal 





Flgum 7.1 Huoriesoent miciographs of c-Foe, JunB and c-Jm-imrnmomxtivity in the 

inferiior m e s e n e  ganglion. Nuciear c-Fos was absmt fmn the gangüa of acetic acid- 

tRatedanimah tbtamtinued to -(A) but was founl in scmenunnis fromaaimals that 

had also bsea (B). C-F0~-immu11oLieacfive OWM h m  thos animais d y  belonged 

to SOM neurcms @,a. J u n B - i r n r n m . 5  was also founl in the nuclei of ganpiionic 

neurcms from those animais @). C-Jm-imm-vity was found in gangiia from 

smaiier animais whaein it was olso usuaüy mopt evidertt in SOM n e ~ n s  (E,F). Scaie bar: 

lûûprn. 





immunacactM glia (B, a m i w s )  in the SUbmuOOSal piexus d a n  PQtac aQd treated animai. 

Scaiebar: 1Oqim. 



capsaiQn aione Eiüed Co induce c-Fas a JunB in the MG, but eFos labelhg was foiad in 

moBUy glia within both pbnisa of îhe w h  (hot shown). 

T i n s  data inditatani tbat ppirrd siimulatiori pmvidod by ooiïtis ad refmling was 

naesaq ,  but nat always sufnctat, for dvation of C-FOS in IMG neumns. HO-, 

activation of apsPcin-semithe tibies iaclf seand Uiadequate tn advate this response, 

which occuced pnkrratiaiiy in those naimns most closely associatrd with the enteric 

afferent fibres. Since dbeding pwed to be so variable a stimulw, an inüaiuminai baiioon 

was used in subsequent srperimaits to &vate low thRshold colonic nerves by imitatùig 

the passage of fecal peUets (see Meihods and bhterhk). This was combined with 

intraluminai capsaicin or vehicle tregmient to imrestigate the effet% of these paired stimuli. 

Nme of the animais showed obvious discornfort foiiowing m e r y  h m  anestheskt and 

ody faint traces of blood were ever f d  on the coIonic mueopal surface of bath capsaich- 

treated grwps. Since activation of JunB-IR in the IMG had pRviously been found to 

paraUel tbat of C-FOS ( ~ e  above), Jwi&IR w a ~  not c~asidaed fllrther. 

Nuclear c-Fos-IR was absmt fiom most M G  neurons of animais that had been 

treaied with capsaicin alone, althougb 3 SOM neumns of appmximately 300 wae IabeUed 

in the IMG of 1 animal Vable 7.1). In animais aeated with vehide and balloon 

stimulation, c-Fos was again absent frwi most neurcms but was anisistently round in alrnmt 

M o f  the rare -/- aauais (Fig ?.3A,B,C). In animals treated with both capdcin and the 

bailam stimulabon, nucïear c-FOS-IR was afm signifcantiy inaeased in SOM nauons but 

was siül d y  absent h m  NPY and NPYfSOM neumns (Fig 7.3D,E,F). in the treated 

segments of colon fiam these animais, c-Fos was not pesat in either plexus h m  vehicle- 



aaicdibîlboa stimulatd Pninrrls but was again evident in mostly glial nuciei of bah 

p1emss from PnUaals in bath capsaicin-aeated giaipa (Fig 7.4). 

Table 7.1 The pxntage of eadi of the IMO aauocheoiical aibscts with c-Fos in animais 
tmtd with c o 1 ~ c  bal10011 stimulation, intraluminal capsaïch or both (shown a~ m*m I 
SEM, n = 3nimnlsach). 

Tneatnieat 
Graip 

Ballooa 
S timutaticm 

** P < 0.05 compared to NPY namns and NPY/SOM nauais wittiin the capsaicin 
tlratrd, baIlaai Siùnuhted group, and canpared to SOM aeunnis of both of the 
-gnnips- 

htra#,Idc 
Cripssicin 

C;ipsaicin and 
Ballam 

f P < 0.01 cornparad Co NPY nannis and NPYISOM nnums within the capsaicin 
treotEd, ballm stimulated g m p ,  and cmmpaiad ta 4- n#mins of the capsaicin 
-~IMIP- 

SOM 
Neunons 

010 

0.33 f 0.33 

37.6 * 16. la 

4- 
Neurons 

38.2 * 12.4' 

O f O 

47.9 f 11.3' 

NPY 
Neurocis 

O f O 

NPWSOM 
Neurocis 

O f  O 

o + o  

2.9 2.9 

O f 0  

1.7 & 1.7 





E@m 7.3 Fluorrs~nt mi- of c - F o s - i m m m v i t y  in immumhhtahemicai 
subsds of wmms in tbe i n f i i  mesmtetic ganglion of animais aPad with bailam 

stimutation (AC) a bal10011 stimulah'an and intraiumid apmicin @F). In the M G  of 

animalP trrotrd with bellooa stimulaiion, nucléar c-Fos (A, amiws) was f9imd in namins 

without SOM @, amus) or NPY (C, eniotm). Whm this stimuius was pnind with 

capsai*, I I I Y : ~ ~ ~  C-FOS @, amiws) was a h  found in SOM namns (E, a r ~ ~ s )  but net 

NPY murons F, amws) .  Scale bar: 1Oprn 





Hgum 7.4 Fiuoraomt inicmgqk of c-FoeimmuiK)reacfivity (A, m) in S-10- 

immulloiieadive güa (B, a m w s )  in the myenteric p law of a c;ipsaicin tnated animai. 

Scale bar. 1Opm. 



7.5 Disalsh 

ZSiz ~ m t ? f M G ~ o r A a c r c C o l r r i s  

lbesedatpindicpte~aaibeaceticsdbiaducaloolitWcanmtr'bufetorapdc- 

Fos and JunB activation in IMG namias of the guinea pig. Ecnmm, a highly variable 

efnea of ref&dllig was also isquirsd for this mponse, ancl c-FOS activation was noi 

0bservcdintheIMGofalmosthalfofthoseapimols. Activahionofpiimary~tfibns 

may weil have contrjibuted O the mild mucosil hemmtilgiag seai in aU of those animals 

but the Mure of intraluminal capoaich to induce c-Fos in the M G  also indiCates that 

ac t i . cm  of these c o l d  fibres is in irndf insufiicient to elicit this ~spaise (see below). 

On the oiha hami, capraicin applied aarinsically to the inbstuial nava potentiated the 

responses of IMG neimnis to stimuiatian diat was pobably pmvided by the surgicai 

manipuiaticm of the intesünes. Fllahermorr, when c-FOS-IR was acîivated, it occuRd 

preferienibiay in SOM and 4- nmmm which arr the subsets most closrly asJociated with 

intestinofi@ fibres (Chapa 9 and so the vaxjable stimulus piwided by xefeeding was 

likely to have originated in the ENS. One candidate for such a stimuhis is the passage of 

fecal piîets as it involves m e c  neaves, is Waly to k stimulatal by Rfecding and is iikely 

to vary behkgcn ammnlr acmfding to fWois that are d W t  b complaely amml. 

The t h e  course examined in Uwe shdies pobab1y prscedes swie of the 

i n f k m w q  d o n s ,  such as recruimt and infiltration of immune ceiis, and theriefm 

includes cmiy eady idhmamy rrspaises to pcetic acid-iridwed damage. nius, neutonal 

eqmsicm of c-Fos and JUne praeins in these early stages m y  indicPte nnironal activity 

that dirsctly cantriiutes îo subsequent intlammatory everits. 



require nn$icpi erposiin of the colcm, and this proœûure would itrelf W y  induce 

amsiw1e  c-FOS. IaPicad, a d inüalwninal balloon was uscd to mimic the passsge of 

fd peUetP in subacquent aperimaits. I n ~ g i y ,  the balIocm stimulation itsdf induad 

c-Fos in many of the nin -/- neunnise This tespoiise may be indicative of diffierent 

thresholds Wor differat inputs than any of the aher subsets. This might also suggest 

that this stimulation was supraphysioîogicai, but the grossly nomial appearance of the colon 

and iack of c-FOP in the ENS suggests that primary afferait fibres were not involveci (see 

below). 

Intralwnirial Capraian may ais0 have induad some inflammawy effects within the 

colon but the gmssly normai appuanœ of the colon fim these animais suggests that any 

such e f f i  was mvkedly less than in the aicetic a d  aeated grwp. The Mure of 

inüaluminai capBaicin alone to uiduce c-Fos in the M G  probably indiates that stimulation 

of the =cm collate& in the IMG via the colon is itseif insuffident to substantiaily a fka  

those nnmais. Wliile larga doses of capBaicni will also be tesied in subsqilent 

eqerhats ,  the systemic e&cts of such a aahnait may also include more dinct effects of 

capsaicin within the IMG. When balloon stimulation was paiRd with capsaicin iRaaent, 

c-Fos was also indUCBd in SOM neurons thus dupiicating the dhrrn of d c  acid treatment 

Ui efkd a n i d .  Tahn togetha, these oôotwavatiais support a mode1 whami amvergent 

sigoals h m  the ENS and sympatheiic affemt fibres in the colon an both neassary and 



Nfndeatminducec-FoJliidJUnehSOMaamnsafthcIMG. InErt,intahofbgai 

fibresbavtbanshowntopwidtchoiinergcinputpthDteüat~excitatorypabntialsui 

IMGaanoas, wtiileavarietyofnarmeictivesuôstncainintedino~nbresaodin 

pimary anireat fibres diat slow adlproy poanbls in thoie ceiis (5). WhiL e i k  of 

these events in isolation may fail to R& the thrieshaid for &cm potential gaieration in 

M G  numis, summatim of meSe excitatmy stimuli ae lrloefy to inaclse the chance for 

those m s  to mieh lh8r nring hshdd (5). The pment sfuiy suggess the posSb'ity 

that ihis integntve rrspaise m y  be activaimi by intesthai inflammation when perisîaitic 

activity is a h  stimulatecl in the be segment of gut. W e  a possible d e  fa spinal 

outflow cannot be excluded, thse fibres aie iüdy 0 provide substantial inputs to NPY 

n m s  (23,142,ltB) but @os was rarely ever fand in those nmmns. 

Thse data support the îargely seprable nature of respcmses among these neumnal 

subsets, alttiough this point would be fiuther strerigthened by a Qmmtratian of selective c- 

Fos -011 in NPY andlm NPY/SOM neurums. The fEw NPY and NPWSOM neuiwis 

that sornetimes exhibited c-Fos-IR support the idea that rnost a aü of these murons are 

capable of exprdng these antigeas although it was not possible b distinguish ôetween 

cholincrgic and noradraergic NPY/SOM muiais. Furihamon, the posi'bility that the 

capsicin-sensitive fibns mediahe some bwer thrieshoid d . t y  such as that provided by 

ballaai stimulation has wt yet beai excludeci. Fume w t s  to assess the 

contribution of primary a&mit &ses to these acute -ses will include animals ûeated 

to ablate these and the use of ncepor antagoniSI fot nairoaaive substances that are 

W y  to be r r l d  fiom those fibres. 



ZSc CeFm ln li, Cdonic Lsnrs 

Bocfi Rfccding Md tdi001l stimulation wen M y  m have anstrd the activity of 

adeec naves in the colcm but the iack of c-Fos-IR in the dcmic PIS of any of those 

animais suggeas that supqhysiological bels of stimulation a ~ e  requinxi for activation of 

c-Fos in h e  tissues. Iiikreshgiy, whai c-Fos was r t i .  in the ENS of inflvned or 

qmicin-trieated colan, it a#aal pininnly in glia nie meawig of this glial response 

remains to be althaigh it is notable that synthesis of cytokines by glia may also 

be stirnubbEd by inDammarory stimuli (165). It is also possiik that activation of enteric 

neurons was sqpmd by a bnkncing incnase in rem sympahetic activity that 

sometuneS ~iemairied subthreshoId for c-Fos @an in M G  neurms. Indeed, 

sympathaic naws may âhctly inhiiit submucosai namnis and Prpsynaptically inhibit 

ACh release in the rnptéric plenus (166,167). This kma effed may be a particularly 

important resp01lse to inaammaticm as ACh release is chroiiicaiîy *bited in nematude- 

intlamcd smali intestine (168), but that dec t  appears to be due in part to inflammatory 

cytokines. In k t ,  inippirsd release of noradrrnaline has a h  kai demonsüated in the 

myerifenc plexus of those animais (Mg), and this e fk% may also be due in pyt to actions 

of cytokines on sympatheiic nene fibres. Nevatheless, the pnsmt W y  also suggests that 

thismnybepecedsdby&6~t~~uemanifistotthe~magofsympntheticnarrais. Itis 

also natable that c-Fos has beai ùnpliMtpI1 as a faaot in the regulaton of tyrosine 

hydroxylase OB), an aizyme rsquirrd for roradrrnaline synthesis, and so regulaton of 

may k affected at various levels during intestinal in8ammati noradrenaline on. 



by any of the erprunaital ~ o n s  but it was ltoo p&smîjaiIy loaüttd in SOM 

anâ-/-neammofsmaknimPls. 1tispos~iblethatthisrrflraosomedevelopmentalor 

phena@c dinamocs amaig t h e  neunmal subsets in Che IMG. Aioariatinly, ihis might 

reflect longer lataicy responses to the amsidesable oagoing inputs h m  the ENS that has 

been obaaved in isoiateû Prrpsraiicms (24,35,162). On the other band, it is unclear how 

much of that ongokg activity has been gduced by diase experhntal manipiktions, and 

sudi a pnpoBal waild also imply agFdepadmt changes in that activity or the neumnal 

cesponses. In fpn ageassociated dtaeases of inducible c-Fos and c-Jun atpresson have 

been fwnd in sorne CNS neurons (170) and in some other excitable cells (171). 

Interestingiy, however, c-fos mRNA U adually hcmsd with age in sympathetic neurom 

of the siipmor cervical gangLicm (85) alchaigh those n e u r t i ~  are likely to more cloaely 

resemble NPY wumis in the IMG (u,l42,aSper 6). 

Z5e C011cIrrrions 

The on 4- neimns in the IMG m y  peféreritially express c-Fos in nsponse to low 

Uueshold mechanoserisozy stimulation of the colon while expsi011 of c-Fos (and JunB) in 

SOM neurais may requin amvergent stimulation of intestinofi~gai and @mry affhent 

&m. H ~ e r ,  these thesedi & mt nvulrrdy affect  C-FOS in NPY or NPY/SOM 

neunnis. h addition, no acute efkcts were danaistrated by changes in c-Jun apression 

but the expmsion of that antigen appears to be rehted io the age of the anirmls. 



CHAPTER EIGET 

SUMMARP AND CONCLUSIONS 



8.1 CMjeintûeEdairNimopsSysteua 

' I b e ~ a n d c a i i p b r O r g a n i t a i i o a o f t t r a i ~ ~ ~ ~ ~ s y s i e m ( E N S ) b a s l d i t ~  

be c m i d e z d  * . *  
asaUmqllCsubdmmmoftheautio~lmicl~r~0~~systmn(1). Enteric 

aeuraisarrhnthauiiique6mmmoSeintheantrslnaniussy~(CNS)inthaithey 

COIlStitutiiveiy atpaest c-Myc mtitigas. PriesumabLy dpt rr&ds unique regulaton of at Least 

some gaies in these mucms, aîihaigh the identity of any such c-Myc gaies in 

enteric neunnis are not known. It is a h  notable that enteric nemm also CO(IStitutive1y 

express otha "gmwth-relatd' antigens, suà as gnnuth associ?tsd paein-43 (GAP- 

43)(172) that are usuaiiy Qwn rcgularsd in other nans following matmtion, and it is 

temping to spcailte that amsiihitive apiessim of various growth-related poteins by 

entaic nerves imdedies their mdmble plasticity. Future exprhmts a> assess the d e  of 

c-Myc in these tissues could pDGentially exploit cuihired myenteric gangiia wherein its 

expFessio11 rnight be moie aaxsi'ble to manipikticm. On the other hand, if c-Myc 

regulates genes that tpliiitate nammal PdaptPtim to infestinal motility, fot example, 

demOllSfrafi011 of sudi a W o n  mi@ await the develapment of techniques to aiter gene 

expessim in vivo with tempomi and d u l a r  rrsolution. 

8.2 Codtuüve eMyc and Fm- Adgem 

The demorrstration of constitutive c-Mye and c-Fos-likô,1111111mvity (IR) in 

ai i  ente& naua is  of the guina p% has a b  povided a poteritially usefùi -1 to 

counterstain pqmticms in double-labelling imm-hem. Hence, the 

proPoaians of pariicular subsets of neunms that can also be identifid by 



distinguîsh between neurons and mitotic glia in gangiia of infkmed ikum (173). 

Inferiestibgly, the pan-ne\mnal distribution of oocistitutive Fos-libIR rnay have 

since been disputai. ~ m P l l O g l u  et al. (174) repontd seemingly identical laklling, 

aibeit by a difkmt c-Fos antisenim, tbat was in aily about 60% of the m ~ n s  labeiled 

with aiprolinic blue. That stain is thought to lakl mu@ aidcipiasmic reficulum which is 

abundant in mimc n a u a i s  althaigh it is mt yet c h  that aii aber œiis lack this faihue. 

U ~ y , ~ n u c l e o l a r l a W l i n g d r y ~ n p o r i E d i n m u n d d a n l l i e d ~ m o f  

those cdls might also suggest sane technical impdi8di011~. Indgd, it was also unclear if 

the small stained alls they daai'bed at the pripbay of g a n g .  that kkeâ amstitutive c- 

Fos also laclped otha "neumnal" markien. niese smPll "newonsa seem M y  to account 

for the aimost tbreef;old higha estiniare of s d  inteshi nauai popilaticm than had 

p r e n d y  kcn estimated (108). 



Peripherel inastoipl rrflncs have kai exîensiveiy studied in acuîeiy isolateci 

inbsiinalbissuesbutanalyse~ofcinniits~yingUwne~havebeaiLUnitsd by the 

techaalogyio~tlyanalyzermichireandnnrtiauofthenavausystem. (nie 

possible PffnoPeb exploits die aciivity-rielafed aauaial nprrspion of nuclear Fos and Jun 

antigens. Indcal, mec-sory villus stimulatioa and Cholem toxin wae previously 

reportcd to activate c-Fos-IR in immunohistodiemicaüy diuactaised enteric neunms of 

isolated ileum (82). Eowever, isolation and dissection of these tissues also removes tonic 

extriasic nervous aciivity and neoessarily damages many intesthl ne~s, and those effets 

that may a h  atplain the ddenble  basai levels of c-Fos- and JunB-IR observed in 

otherwise unstimulaîed segments in the pre!smt sîudy. Depolarizuig stimulation was capable 

of inducing c-Fos-IR in greater n w n h  of ail tesied neumral subseis, but it is as yet 

unclear whetha the thnesho1d for c-Fos arpession is simüat within or betwem subsets. 

For exampie, the pnsencc of c-FOS-IR in socne submuami namnrs with vasoactive 

intestinai polypeptide-IR h m  untreated ileum and finn incubateci but unstimulated ileal 

segments suggests that those cells may rapmd to mutine stimulation by expressing that 

antigai. H m ,  the depolaiuing stimulaiion usd in the prrsait sady and the stimuli 

used by I(irchgamer and ha cokagws (82) may well have atceeded the physiologicai 

"noma, clespite which c-Fos expresion was nva fand in aü w m n s  of any given subset. 

Giveri the conskkble hIation-inducsd e x p s i c m  of these antigens, future apeiiments 

may be baia dirpctsd to edabüshing the nature and thresholds of stimuli that might be 



associatal with c-Fos and IunB erpnssiai in intaict animais. 

-te the appmt phsticity of the ENS, it is notable that nuclear c-Jun was 

mosily mükted to submucospl ganpiiz N-, these netuons have the capcity to 

rapiâiy induce nuclear c-Jun as it is sûcmgly âctivafed by odchicine in the! üeal ENS (54). 

Apidimùiaryapmmaitinthislabaasoryk~suggestedtbatc-Jun~indlYrPlIfinthe 

intestinofhgdly piqeaing myenmic wmnw in the colon by extrinsic nave section. 

Ho-, it shaiEd k aosd that the obsendms of srnail intesthai c-Sun stpression in the 

pment study rme Nha lirnited and were riestricteci to smaiïer anirnals. Oiven the age- 

dependence of c-Jun explessian no<sd in the infaor mesenteric ganglion (MG; see Chapter 

7), it may ais0 be usefùl to reexamh the basl and inducible bels of this antigen in older 

anùnals as well. 

8.4 CbemiePl- of Nnimnr in the M G  

Sinœ isolateci ilal segments pïwed les than ideai as a model system, subquent 

shidies f i i c u d  m whde animals. Uofoitunatdy, the ileum is cmly accessible surgicaily, 

while the dhtal colcm can be stimuiated without wholly invasnh messuns and has a discrete 

sympadwtic innervation suppiied moaly by the inf';ienor mesmteric gangiion (IMG). When 

these shdies wn uadatalmi, the previously ntcnsive immUllOhiSfOChemicai studies of the 

guinea pig M G  stül had na pmvided diable estimaies of the abundance of various 

neiaoaal subsets. 'Iherrfon, the abundPnce of those subtypes and some of the fibres with 

which they wae assahkd were fint exommal. hfebiestingiy, those data datarncmonsirated 

target-spedc dinerences betweai somatostatin-containing neurons (SOM neurons) in the 



8.5 F~rrndJunPiPteiasintbeA#GdCdonicENS 

I n t h e h s t s e i i a o f ~ e s , ~ ~ ~ ~ I K ) X i ~ ~ ~ a n d m e c ~ s t U n u l i w a e u s e d  

to activaDt expeJsion of c-Fos in the M G  and w1Onic F i l S .  Acute oolitis eiicited d y  

sporadic c-Fos in the ENS of the cobn, mostiy found in g k ,  and c-Fos and JunB were 

so meiimes induad in SOM and 4- neumns wîthin the M G  oaly when the animais were 

unmediatey refd. IEaice, physiol Jcai levds of stimulation are likely b be insuffiCient to 

activate c-Fos in any of those tissus, and a pathophysi01ogicai stimulus had more variable 

effécîs tbat also quired reféeding--îssoBatcd sigiials in the MG. This approech was 

abandoned in fawt of a more reliable technique to stimulatc cdauc primary afferent fibres 

with cepsaicin and low thrieshoid OolOILiC meckmxenq circuits with a ballm. 

Lnterestingîy, cmiy 4- namns cnpcsssd c-Fos in rrspo~se to bal lm stimulation, thus 

Udicating some fiuidamentaî- betwem thQrrcsponses and thatof al l  Uieother 

subsets of LMG aeuiais. Costimuiaticm of the wlan with borti capssicin and the bal lm 

was requiried to eiicit c-Fos atprrssian in SOM nairais,  thus suppoauig the possibility that 

these namnis form pan of nflex circuit that r e s p d s  to noxious stimulation and/= higher 

threshold everits by modifyiog intestinal fiincticms stllnulated by low dveshoId stimuli. 

Fume expaiments wiîl examine the mie of capaaicin-sensitive primar afkent m e s  and 



the shîanœs tbey contain ai these rrspaises. It may also be intacsting to ddamiw if 

anyof thcseeffadsabextendto moreiostnlprmacbralaangliaof theacnimals. 

In cmtrast to c-Fos (and JunB), e x p m h  of c-Jun in M G  neunms was not f d  

tobe~bythosesiimuiiwithintheehpsaltime. l[migerlatencyef%ctshavenotyet 

ken excludcd, but the Expesscm of c-Jun in the pmmt shdy Ppparsd to be more 

maigiy assocbâ with the age of the animals. 1t is possiiie tliat the prrsaice of c-Jun in 

sWer (younger) animals dec ts  dml~pmaltal mudification of synaptic contacts and that 

this is Iargely cmmplete in kger (older) ammals. The lack of c-Jun appent in the IMG of 

older aMmals might also suggest age-related losses in the plasticity of these neuions, but this 

hasyettobenprted. 

8.6 Conchrsiolrs 

The crpAssicm of the tran=*ptiOnaUy active potan products of the immediate 

early genes has o f f i  a novei app~oach to d g  the pkmtype and interactions of a 

variety of m o u s  bjssues. Coristitutiveiy aprssrd priDtàns in selcct gioups of neurons 

seem W y  to d e c t  developmeiital and/or en-ta1 ca&rrnas of various neunnis 

and rnay ultimately aihance imdeRianding of the& functiais. Nevertheiess, inducible 

eqnedon of c-Fos and JunB wu B reliably &citai by pathophysiologicai leveis of 

stllnulatiaa in the paip&rai intestinal nemes. Thenfon, whüe k appmwh is libcly to 

pmve usaul to investigaîe namnial actions and interactions in intesiinal pathology, it may 

be of more limiteci use to detrct syiilptic d v i t y  associatsd with "normai" intestinal 

hction. Thesie studies might ais0 suppxt the idea that any indiqmsble fiinctims of 



inducible Fos and Jm poCins in thac'alls wouid aily baxnne ~pparrnt unda 

pathoiogicai conditions, a suggesliaa thpt may be d y  iesîaûie in c-fDs hiockat mice. 
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