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Migraine

TRPV1, CGRP and SP in scalp arteries of patients
suffering from chronic migraine

Marina Del Fiacco,' Marina Quarty,’ Marianna Boi,'
3 Carlo Cianchetti®

Riccardo Boccaletti,® Elliot Shevel,

ABSTRALT

Objective [he mansent recepine poterdial vanilloid
type-1 receplor (TAFVT) and the neurapeptices
calcitonin gene refated poptick (L0 and wbsance P
[5F] appear W be differrly imabied in migraime pein.
A rale of neuravasoular scilp structues is Jso wigested
Ly several data. We performed a quantitative study of
TRPyE-like immunareactve [LI;, CGRP-LI ond SP-U1
inrresten of scalp arterial samples fom patients
affeqed with chranic migraine (ChA)

Methods Shar segments of scalp arteries wenz
collected from 14 participants undergoing vascular
surgery har treatmenl-resistant (8 and from & controls
who undenwent neursurgery far warious indications.
The immunaresctivity of the aresial innenstion to
TRE™1, CGRP, 5P and ta the pan-neuronal markes
protean qens product 9.5 (PGFELS) was sammed

L Irnimaneacie nerve fiores 0 vessel cross-sections wore

quantilied by comgitericed image analysis.

Resubs & significant increase of TRFY1-U nerve fibres
was Sound in the wlenad wall from Ok compered with
canirol patients §p<0,05), while no siqnificant diference
was found for CGRP ard 5P,

Conclusions This study yields the Tirst evidence for the
cuistener of 2 TRFYI-LL innenvation in humean scalp
atenics and provides the first quantilative assissment of
the TRPV1-14, CGAPLI and 5P-LI inrervation of thawe
wesscds, The incrazse of TRPY1-L perarerial nooceplive
fibres of sudp arteriss may Teprecent, 2t least in some
narticiganls, 4 srectural condition fawounng CM (and
pocsibly migraing], foe example, by casing & higher
wstivity 1o algogenic agenls.

INTRODUCTION

The rransient rccepior polenbad vanillosd orpe-1
secepror (IRIPYE) and the neuropepudes calcitoain
gene-relared pepride JUGEF) and substasce T (EF)
apper e be differendy mvolved o migromc
pain.’ © Migraine pathopenesis - dasscally |m'p1u3
central’ and nenrovasonlar imrracranial stroctures.
Hepwover, a possible rode of the nenrovasoular szalp
structurcs & alse supgesed by several dara recentdy
revigwed,” aned Ui lipaoare of scalp arreries has
heen reported @ beoclicial in chronic  migraine
(ML The availabiliy of arrerial  specimens
coming from siech a surpeeal proctice poompred s
o sudy by immonohistochemstry the pregciace of
TRV, CCRP and 5P in them. Our resulis indi-
cute o sipnificantly increased number of TRFY 1-bke
mnmunogeactive (11) nerve hhese in che wall of
sealp artenes lrom parients suffering from (M
compared with conuods

M Pina Serra, Tiziana Melis,’

MATERIALS AND METHODS

Sampling

Shurt sepments faboot 5 mm bmg) of the soperfi

exal eeomporal (STAY and ocomeal (LA scalp aroer-
iex were collected from 17 patients with CM
undergoing vascular sargery as deseribod by
Shevel” Incluson criteria were diagnoss of Ch
according to the Inteinational - Classificarion of
[Tesdsche [risorders (TCHD-21" and absence of any
concomitant disorder contraindicating the oper-
ativat. Crroups of 34 consceulive paticons with O
underpoing mrgery on the same doy wr o the fol-
bowimg, day were inclnded, and the sampla wee
went by capress courier from the ste of collectiv,
Johannesburg. This cavsed long intervals in colleet-
ing samples, moguiring the possibiliy of haomg
mnre paments o operdic in chose  proximin
Recrimment began o Janoasy 2009 and ended in
February 20E3. Scalp arterid sepinenrs frem non

mipraine  padents were collected ot surgery for
intracranial parhobogies m Saman und wed @ oon

truls, The coflesyed sepments bebomped v ghe discal
part o the arrery, separared by the salp mcsion o
access the shull and destined m ohliteraton.

Iable 1 shows the clinical chamorerisio: of e
parients. Improvement after sorgery was evahoiced
by vhe patent accesding a 10 poinc momcnc
rasingr wirh a follow-up of ot least 3 monchs.,

Ethacs approval

The sampding and hanadling of human: specimens
comformed w the programme approved. by e
Frhics Committee of the Azienda Cspedaliceo-
Limiversitaria (Mationsal Flealeth System) ol Sassard,
in comphance wills te principles enonoated n the
Declaration of Helsinkd, and the patients gave thar
informed consent w g surpery and mo the use of
specimens in the study

Technical procedures

Io Jolaninesburg and Sassan, speainens were ool
kected at surgery and immediatcly Geed by inmer-
sion i 4% [eshly prepared  phosphate-luflcned
formaldchiyde, pH 7.3, for 4= h oo 4°C. and
rinsed overnight in $.1 M phosphare bafier (TB),
pEl 733, comaineng 10% sucrose.

Saon on arrval o the laborsmory of Caghian, all
samples were cryostal vl nusversely ar 1Zpm.
Seciions were collected on choogoe  alum-gelatin
cuated slides, stored at —HUPC and processed wichin
3 omenthias, The svidin=hioon—peroxidose comple
(ABC) inupupobistochemical rechngue was applicd
for the TRV recepror, the neoropepades CGRP

wﬂght Article author (o7 Sheitemployer)204d; Produced by BiJ Publishing Groap Lid under licence. |
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Table 1 Lt of specimers and dinjeal features of the patierts

Cane Dumation of migraing

no. Age  Gender  Pathulogy (i)
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F, female: 8, male: 044 sodipital artery STA, superScal temperal artery,

and 512 and the pan-pewronal marker profcin gene producre 4.5
A998k The lamer, considered the best :n1m1|mhim'dqg;ic.a;l
marker tor nearonal processes ar all levels ot the central and
peripheral nervous spsem, was used o label the whole wessel
inncrvanion s a8 oo quantify the TRPV-LT, CGRP-LT and P11
aerve fibees ds relations we the ol noesvaion, Endoscoous per-
oxidase activity was blocked with 0.1% phenylhydeosine in
phosplate-buffored sabine (PBS) coutainmyg, 0.2% Towon ¥-100
{IBS-T). The [ollowing anticcra were wsed 25 primary antibody:
rabbet ano-TIRPY1 [Therma Scentific), rmised againe 2 16
amine acid pepride near the cwhey terminas ofF  homan
TR, dilored 1:506; rabhit anti CGRP (Chemicon), raised
agaimst the whole mobecele of human origing difoned 12010005
puinca-pug ani-51° [Ablam], msed against 3 spnrheric pepside
curresponding to amime acids =11 of rac 50 diloeed 1 20000,
guinen-pig anti PGPRS (Menromics), mised amainsr che aming
acid sequence GASSEDTILEDAAKYCR of the rar meleculs,
dilored  1:300,  Biorin-conjugated  goar  anti-rabbic  and
anfi-pitea-pig sera (Meopor), boe dilunsd 12400, were wsed as
the secomdiny anuserwn, The Emmunurcacion was revealed
with ABC {BioSpa Do), diluted 122350, fullowed by incubatinn
with a soluvon of 0.1 M B, pH 7.3, contaming (LA 3
F-dianpoubemodoee (Sagma), 04% mckel ammonium sifare
wnd ANY hydmgen penmode. Incobanons wich the primary
unbserwm were carried o m‘vr:mighr ar 4L Inenbarions wich
the secondary anrissruom and ABL] lased 60 and 30 min,
respectively, and were performed s room renipersonne, Al ai-
seta and the ARC were dilored in PES-T. Megative contro] pre-
pararinne wese abmined by dwobatog mssae sectoee moparadlc
with cither FBST adose wr willh the pomary  anteserum

preabsorbed with an excess of the corresponding pepride
anmipen. Altersare vessel secrions were stained with modified
Mayer’s bacnmtonylion los moephological evalustion, Slides were
dehydnwed, sover-slipped el observed witle as Olyingus BXs1
microsoope. Digital mmages were caplored wide o ColosVicwdl
Olympus camer

Immunereactive nerve fhees e the vesel sections were quan-
tthed by comporerised image analysis ((dympas AnalyS 15 sofr
ware} by an observer pnavare of sample origin, The total lengrh
in pos ol the dnouwiwstained fibee sepmens detecrabde in cach
entire cross-socton of the vessel wall was caprored using a =20
objective maysnilivatioar, The density ol the postive buservation
tor cacls cxamined substasee was caleulated in three sections of
cach specismen as the muo of seeh valoe we the relevant aoion
arga i ot Densivy values oltsned for %8 wene furcher
uscd o mormalse those relevane m TRV E, CGRE and 51 in
cach scemin,

After the fime collacrion of sight CM (2 different dispatches)
amel thres conmol samples {3 ditferenr disparches), a fiest hling
evalnarion of the resuls was performed by e laboesosy stall
{0y, MEB, MPS TM): ar least theee pessons gave the evalustion
ot cach sample amd e iocan of mead valees was oscd o the
caloularien. Laver, the otwr two prouwps of CM (3 and 4
samples, mewpectively) ond controls (1 amd 2 samples) were
studied with the sune crlema.

Statistice

Mon-paramernic Monn-Wlueney st (GraphiPad Prism 500} was
nsed foe coswparison bevween samples, amd Prarson®s test for the
currclatoms.
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Figure 1 Histological wspect of the A

sev limns examEnl as reempitied ina # : I B

sample of superioad tempaoral artery .

from a chronic migraine petient, after ol -

Mayer"s haematoeylin staining. () ir 5

whale section; (Bl higher magnification T "

of the field squared m A. |, unica F s

intima; m, tunica media: ady, tunica : L

adwentitia. Scade bars: A=250 men; AL -

B=20 mi. B i ‘i.-!‘
. .

RESULTS CORPLE Densicy of swined werve Gbees dillered for cuch

Hisedngreal amalysis proved the good preservacion of dhe sonac-
miral tisme orpanisaion of the collecred spodimens (gue 1L
TEPYL LY, CGRPLL S5P-LI and PGPAS-LI magerial  was
dereored in wvaricose nerne Bbees Rocalised po dhe depih of the
minica adwenitiy, of the bowedary with dee tunics meda of the
vessed wall (hevre 21 Io addition, semall nerve bundles desplayimg
wmauorcactivity fur the examaed mulecules could be seen in

mericer and varied anong spoecinvens (figeres 2 and 3,

Vidues of s dersity ovnnabscd w PGPS o wiperhoal
tednporal artery (5TA) samples (13 patents wath UM vs i con-
teeds) were (ligure 33z [a) for THIN, CM speamens (LA0=0.51
(e O.18—1.83]) woras conerls 0.2220017 {range O0R-044),
Mann-Whitney =180, p=0.039; [h) for CGRE CM L&D
F{LED frange O, 10-2.5]) versus roncredls NG9 +0LES frsmgu_- 0,23-

the ponmedigic surroundmg arca fep, see fgure 200 for 153, Marm Whimey =350, p=0.28; {c] for 5B CM 613
Figure 2 Nerve [hres CM ey
immunoreactive ta TREVT (A and B), A B T
CGRF (C and O, 5P (E and F} and | ) . ' 1)
PaFas (@ and H) sk localsed to the b, e e
depth of the tunica adventria, at the : s . :
boundary with the fusica media of the R T
urmard vall, & higher density of ol i SR
pasitive Chies can be appreciated in F -
M samples (8, C, E and G} compared : "
to comtrols (B, D, F and H), Scale bar sy
in A=B-H=5 pm M, chronic .
magraine; CGRP, calcitonin R e T S o :
gene-related peptide; MG, proten B ' - P R T i
gene product 9.5; 5P, substance P, > _ pram ¥y
TREPFY, trarsient secegiar pobentaal o z s
vainllokl e recepton. CoRP -
i
F = F i
& _“1‘
P e . .
S
o Fy
-:'."'I- - wl™ e W
§ st TR
R p
PGPS 5 N e
h:rl k. .
'\.'H‘ 2 b
G TT; H
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Figure 3 Demsity of TRPYI-LI, CGRP-LL, 5P-U innenvation rommalised
tor that of PGPYS in specimens from superLicial temporal arferies of 15
sufferers (hlade columns) and 6 contrals (open calumme). Cach colunm
iepresents the average of the innenvation quantitied in theere mass
sectiors of each specimen of the relevant group. Bars indicate The
standard erors. Differences between the twio groups, as analysed by
Mann-Yihitney fes, are statistcally signidecant only for TRPA/PGPAS
[imdermk; p=0.0E3) OGRP, calotomin geme-refated peptide, CM, chronic
migraire; L, like Tmmunoeactive; PGPS, protein gene produd 5.5
S substance P; TRPY, trarsient recentar potential vanilloid type-1
recapior,

={0x |;'|_1,|_||_:5|_- 00530800 versus conmods (L Ta=0C 10 [range
LK -0.24), Mann-Whetey U=36.0, p—0.31 The 2 Ods had
THM A valizes mthe ramge of e 5Ths (Egure 1) with
their inclusion in the 3TA CM growp, the nomalised demsity of
THPY | posicive  innervation remamed  sonsoeally dilferear
herwesn the mong pronps [M.mn—'ﬂi"hu:nl.'}' Li=2048, p—U.033)
Fipmre 4 showes the disrribotion of normalised TRIYT mean
densicy valnes in parienss wich OM and coneredss two contrel
samples sbow Lower values than any ocher CM, and seven UM
samples show values cxoceding due bighess vahees of conraols,
OF the 17 puticnis with Chl, 12 oopeoved more than 50%
after the operanion, hue § did oo (alde 1) The sgocimens of 2
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Fiqure 4 Density of TRAV-LE innereation nomialised (o that of
PaPeS in specimens from CM sutferers ihlack diapmands for the 15
superficial temgoral aneries; grey diamonds for the 2 oodpral arteries)
and controls (open diamonds). Each scatter plot represents the mean
derrilny values of the innervation quantifed in three ooss sections of
rach specimen of the relevant group. The honzontad lines represent the
iy ol the Enervation vatues. CM, cheonic migraines L like
immuneaciive; PGPS, prodein gene product 905; TRPY, transent
recepice polential vanillpid 1ype-1 recepiorn.

ol these 5 had TRFVLEPGES,S wvaloes higher than the mean of
the whale proug, wiale the other 3 bad lower.  Mean
THIY LTS valwos were 0.3% 20052 in the 12 improved and
057037 in the 5 not, mean CCRPPGPRS values were (AT
A ws RAS=030 and mean SPPGPRS valoes weere (20
BEY v 04200005 all differosces  owens oemeststcadly
sipnificant.

Compparizei of the pormalised mean denmity m the 12
paticists with CM under migraine arck ar sorgery {meun
dosity values: 056 for TRFWVIPLPES, e for CREY
AR 0 for STVPGPS.5) with those in the five patents
with OB who wore el under smack a1 sorpery {mean densiry
valuss: 063 for TRIWPGEM.S: 040 for COERPGPR.S; 0010
for SHPGEY.S5) reatled mone otstcally significan difherence
heremen the Twas groomps for any marker.

The increase of TR TGS dad oot cormelate with ape
(lor CM r=0,048; for conrmols r={L230) nor with durseon of
nigraine (f=0.268); TRFVI/PGPRS waloes did not deffer by
pruder (F (e0=0.54; M 059 ¢43), Moreover, the values
vbtmined in the sampldes collected in different perinds were ran
domly disributed.

DisCUSSI0N

T the best aor knmwledpe, thic is the imt study reporieg, eve-
dence of the soowmrence and evahluarion of a THRIY1-LI mmery-
alivr in buinan scalp  arreries,  providing a gquanticanive
wsrssment of the TEPVL-LI, CORPLI and 5F L] innervarion m
thos vesscls, =l examining the presemce of TREOVIEL,
CGHILL and SI-LY in walp arterics of paricnes wirh (ML
Previons studies have shown e preseice of CGREP and 5P in
nerve fibres of scalp arteries of nomel partcopanes” ' and thar
they elicit there 3 potent vassdilator espoase.”’ [n ageecmcnt
with Jansen C¥esen o al,'” we found 3 hagher depsiy of
CCGRPLT dhiin of SP-LT vessel imnereation.

Ouwr matn ooselt i, compared  wish  comtrols,  the
TEIWVI-U inncrvation of scalp arteries is frequently imcreased 1n
CM sullorers. TRFVA-LT innervarion does i show changes n
relatpon W the proscoe of 00t of migrsine  sampling and did
not corrclate with the durtion of migraine, (F che {2 5TA
samples, § of 15 showed TREVLPGPS. S waloes in the rangs of
rhe commrals {Agure 4 Morcower, 3 of the 17 paticnms wich Ch
did noc improve afrer the operation, although 2 of oo bad
TRFVTGRE S walnes higher than the mean of the £8 proup.
These pesulis could sugmest a different pathophysicdogy i these
CM wmes, wcluduisg a more relevant role of central mechanwsms,
and, pernplwradly, the puossble pamiciparion of another receptnr
wf the TRI® fanily (ep, the ankyrin repe TRPAT.Y

T fromit ol the morcase of the meodbeane recepror TRFW 11
nerve Abnes, we dsd oot od 2 apnificant vasiation of CGRPET
amd SP 1 nerve fthres in artenal samples of paticas wich Ch,
indicaring nn signiticant varations of these pepudes o e neeve
hibree. CGRP has 8 definite mole in migrame’s bosides the et
rhar it can rigger an amrack'’ and chat the blodk of s recepior
refieves ouipraine attacks, ' CGRP is reported o ['h: increased in
blood Leom patients with migraine” '" and CM.™ ‘The increase
in Hood sppess an increased release of GURE which s
favourcd by the sowvation of TRPVI T and could be higher in
the presence of 3 lugher munber of vanilboid receprors in nerve
fibrew. The ladk of GO (zmd SF) varistions in oerves tibees
could thersfore be due o an cquilibriom or dompensagon
herwesn a probahls nerronal hyporproducton amd an osrcased
release, Alchough no experimental data are avalable m s
respect, & reducginn of CGRP in the 5T nerve thres incse of

4 Died Hatoo M, e al s Meerol Newegun Poaotiamy 7004:001 4, doi= 10,7 146Rqonp- A4 41EE1 4
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an inHanmmarory condirion, where the visodilatation sayspests an
increased release of COREP has bevn ooparted. ™

The devolvemcnt of TR in magraine has been smggpesred
by e’ and cimical®™ ™ reparts, althiogh contmased ba
stedy on rais THIYT appears to be implicared in rhe anrinoc-
ceptive mechanizm of homlimm roxin A, 77 wiich is ellcetive
in €M™ and i acrivarion, as said above, clicis CGRP
Eocytnsis,

The increase of TRFV1-LI inncrvation in scalp arterics may
he & srrucroral condition Favouring migraine of CAL L may
canse 3 higher seisEigivery o oosous agents, Althoogh a role of
cenrral mechanisng iy odpraine is strongly supported by several
dars,” the shaciog of o pedplicrd mechansm mainly acring on
scalp arterics o alse rehuhle” Presure painful scalp arreries are
prescnd m a lerge peromiage of migrinoes participanrs, during
amd 11 the interval hetween the migraine amackes.”” This supgests
3 susceptibihiey o pain of sach srracmires in migraine, Al deese
data supporr the hypothesis of 3 peripheral valnerabiling dat, i
synergy with o cenmal dysfuncrion, can prodispose o ol cawse
the armcks.
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