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Skin inflammation is one of several allergic symptoms that are regulated by several mediator molecules. One of
these molecules, calcitonin gene-related peptide (CGRP) affects several immune cells including T cells, B cells, dendiritic
cells and mast cells. CGRP binds to CGRP receptors composed of receptor activity-modifying protein 1 (RAMP1) and
calcitonin receptor-like receptor (CLR) to modulate various functions such as pain transmission and vasodilation. Stu-
dies showing that CGRP physiologically regulates skin inflammation using a CGRP antagonist, capsaicin-induced deple-
tion model, RAMP1-deficient mice and mouse contact hypersensitivity (CHS) model have been reported. Interestingly,
while CGRP has inhibitory effects on Th1-mediated CHS, it was demonstrated that CGRP enhances Th2-mediated CHS
response. Moreover, these skin inflammations were affected by elevated CGRP concentrations through an abnormal
condition of the nervous system induced by exposure to psychological stress or neonatal chemical stimulation. In this
review, we present the importance of CGRP in the regulation of skin inflammation under the several nervous conditions
and provide a new insight into understanding various types of skin inflammation and skin diseases.
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BE & OBEMMREMEEINTNS, £ITA
R TIE, KEICHREMENZHFEET DT EITE
HL, ZOMEEARNSKTSNLHRERT TR,
TV =B TREEATF K (calcitonin gene-
related peptide; CGRP) O ¢ Ji& RIE il AR 1 D
THEHOHARZZOMHT 5.

CGRP & CGRP 34K

CGRP (3 C D 5 I S N D Mg R T F KT
HY, BROIME IS TnEE AR EER A
TH5ET TR, THIROBEERES O 7 —
P OfUREERAEINI, B AL S OFURRE A JI 7z
EREMNIT U THERRIMER 2R T T &S
ENTVD. D LaLans, 205 CGRP OFF
FHRHTIZZ D < DY in vitro IZBT 2R TH D,
CGRP QAFIEMEYE & U CTORENI AL LN
£, ZZ Thhbiid CGRP A HPY/sHEEEIC
DWTHNT 2D 5729, CGRP ZAEMKRET Y
ZDEENZEF L=, CGRP ZZEMKRIT Gs ¥ >N
BRI T AEEEY /)N E TdH % calcitonin
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receptor-like receptor (CLR) & 1 AR E @A % >
N E TH 5 receptor activity-modifying protein 1
(RAMP1) ODATOZEKTHREINTHS. Z0
25, RAMP1 137p 7#G IC k@Mt 2 /3 %5 RAMP
7y7IU—IZBLTHBD, TNEHHUN > REEEHE
1E72 1A%, CLR OMifEfE~ DT CGRP I3
HFEORRMEOIREZHIHL TWD, I TY%
ZTld, CORP ZAKKRRIT T Iy hTHD
RAMPI1 % RIES H7=< D R & EH U RBIRIfET %
fTok. ZOMREMXREZSNTVLEMED
RAMP1 RIE~ ™7 Z Tld CGRP O I & LEME A
HELTHBD, BMEEEET S EEHSMNTL
. P

RAMP1 RI§V 7 X(Z&(T5 CHS IGEM

% Z T CGRP NEERIEICB TR T A

BB ZHASNITT D0, bhibiid RAMPI
RIE~ T A Z H W T SR (contact hyper-
sensitivity; CHS) 129 2 &t Z2Mmat Lz,
FM)73 CHS K Jix Td % 2,4,6-trinitrochlorobenzene
(TNCB) #%J&1E CHS & fluorescein isothiocyanate
(FITC) %% CHS I2DW THET L= %55%, RAMPI
R~ A1E TNCB %5 CHS (259 % Ot A
X F L, FITC #A%ME CHS i L Tl W Bk 2
R EVND ZENHSNER D2 Y ZHIE CGRP
MAEMMIZCHS ZHIIL TWAHZ &, ZTLTNT
T > OFEFIIN U TR S GRS @ N TS Z
LERLTNS,

TIXCGRP IZED X S atéMic k> T CHS %
FIEL TWB 0. CHS OEEMTIIOHFEIE®
Mg DU > NEiN DR, QOPEIERMICES T
i~ OFRETER, OT Mol - %EERCE DB
NMEWSAARY RIS TND, I SITHERIC
BWTIETHENSEEIND YA NIA N
JERNEZEIELT 2. = I Thibiudbiie s
& THIfICEE L, CGRP @ CHS A e %
HfgL 7.

CGRP (C & B His iR AR D55 EE

TNCB # F Mt CHS O BEAERIZ B W Tid Langerin
Bt D PR SR R AR TR U > NEiNEET 2 2 &
THRELBENRILTDIHIEEZLNTNDS. O35
2, REIZHAIET % Langerin BEPEMAICIZ 2 DD
BRI 72y MIEET S I LN THD,
W% » T ThH5 CDI3 DEEEZY—H—E L

TREITHERET S CDI03 AED 5 > 7 )L\ > A
il (Langerhans cell; LC) & EEZIZHEET S CD103
[ Langerin B5 1 2L f2 #HIRAIAE  (dermal dendritic
cell; dDC) IZRFI TN D, F T T, TNCBEEZD
U > )NERICERE U C & 7= Langerin B Ml jo €5 [ %
CDI103 DFEBUT K > Tah| L =458, CD103 [k
@ dDC 238 L, RAMP1 R ZIZBWNT,
TOMBERHOERLHEMMNBED SNE.D £
CGRP I BRI D E LA D T A > 2%
A TdH2 CCRT DFBZIH T2 Z L HHS NI
LTHD, CGRP @ dDC i EHFEEMT T EHA
CZBIRTH %S CCRT DRI I MK E T S n]fE
HENEZSNS.

CGRP (C L% Thl fifamboDH 4 b h4 D EE
il

CHS OFFMITIZ T Ml & ORIEMEY 1 N7
A PFEENEELRLEHEZHS TS, KIEREICHR
DD THIBEOTRTE CD4 Bt~V — T #il i
(Th #ife) VSEAET D1 bAA > OFEICEI ST
WL DMDOBERER Y 7y MZHBEIN TN S,
RZEMNZBHDELUTIFN-y ZEEET 5 2 & THIA
PERIZICEF 59 % Thl fif<>, IL-4, IL-5, IL-6 73
EzpEEL TRMEREICH ST 5 Th fMldNEE
T5., INsOY Ty MIFELOBREICKIFEL T
>4 —7 Thfif@h sk d 2 2 EnHMenTH
D, FNENDOY Ty bz 2%k KT
M FAEINTND, bNHOIUITTEE TIZ
in vitro IZ 3\ T CGRP 7' Th ffifid @ 531t & Th2 ]
ZRESE 52 &, Thifihan s o IL-4 FEAZ (2
THZEEHASNELTWS, P — KT TNCB #JE
P CHS IZBWTIE T flifln 5 EEAE SN S IFN-y 73
DHERAIRENSIHREDBH DI EMS,Y CGRP O
T 4 f 148 Z /v U 7= CHS I HHS % R L 7=,
TNCB (2 X% CHS #FE B O E U >/ \NEifi i 2 [[]
L, %1 CD3/CD28 fiifkz H W CHREIF L /=D
IFN-y EEAEBZHIE Lz, TORE, RAMPI RiE
U ZHE T M TIE IFN-y A ENSEZR L
THD, CGRP NAEMPYIT IFN-y pEAZHIHIT 5
Z & T CHS 2l L TWwaalgEMEnR I /. o
CGRP @ Thl flja/ifbic 525 EEE LT, #1
JFHRAIAED S O IL-12 FEEAMGER 2T 5 5.
IL-12 13 FICHiE R 5 0 S, FIEIPUR
RRITHIT S Thl fifEMEITKRELSFET S5
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A2 THAH. HDNONILCGRP Y07
7 — D BHRAI 5 D IL-12 FEAEZHIHIT S 2 &
ZHWHLTHBD, T5ICCGRPALC 5D
IL-R2ELEZMHITEENDRESHEET S.?
CGRP O Z DX D IsEH & AKRNIZTHB TS Thi #l
Ja L OIHENTEF G5 L TS alietknid 5. £z,
CGRP X LC /5 ® Thl B £ h A > OEAZ
flL, Th2 B B D EAZERT S EWDHE
BFIEL, 0 5% 3 SITHERIEICBIT 2 HURIER
a2 S OWME K TR A 12 %9 % CGRP OIEH %
RE T 2 EHIIRENEEZEZ SN,

LA E®D X512 CGRP id Thl B D 7 & RIE % k&
RAEICIER T2 Z & THIEIL T3 (Fig. 1).
IS DOFERIT CGRP O & &G ICH T 5 EHK
HEMEEZRLEZ., —HT, bhbinid CGRP 7
Th2 B D & RIER S (FITC #¥ME CHS) 12H W0
TIMEHERICHEET 2 Z 26 M EL TN D,
Z @ FITC i3 CHS T PR IR RAIE Dl E 1
%9 % CGRP ODIEHIZA NN 72.9 ZZTT
HURLIZ K9 % V5 2 H0 2 CGRP O FITC #% 71k
CHS Ba5itsRE DOt 2 /-,

CGRP (C & 3 FITC FF# 1 CHS 1E5atiid

Th #ifiCE BH LU =&t 5, TNCB #JEME CHS
& FITC 5 %EME CHS T3/ ki E = 1% Th filfig
DY Tty NIREAHRO 2HESH T ENHESIN
TWwa. DFED TNCB #M: CHS Tid Thi #ifa

TNCB
— '>‘¢‘. T o Epidermis
o3
o | inhibit dDC emigration ° D .
(CCR7 1) ermis

CGRP
&<

| inhibit IFN-y production |

inhibit Th1 differentiation
(direct effect on Th cells.
IL-12 | in DC and LC,

CXCL9, CXCL10 |l in LC)

Fig. 1. CGRP Suppresses Thl-mediated TNCB-CHS

CGRP regulates TNCB-CHS through (1) inhibition of dDC migration
by CCR7 down-regulation, (2) inhibition of Thl cell differentiation by IL-12
or chemokine down-regulation in antigen presenting cells and (3) direct inhi-
bition of Thl cell differentiation and IFN-y production in T cells.

73, FITC i %61 CHS Tl Th2 g A EALIC 75 E
INBIEMNRINTNWS, LD ZZ TFITC Tk
0D CHS ##AE %, ~UZXMMSAEY > )N HiZ [
L, ¥1 CD3/CD28 fifk % FHW THFIH L 7= BRI
HEINBYA KA &% cytometric bead array
(CBA) EICXk > THIE L =45, FITC &7 M
CHS T3 fBALED < ™ X &g U TR Th2 B
A S A1 > (IL-4,IL-5,IL-6) 2 EfEZRL T
W7z, X512, RAMPI RIE~Y ™ A T3 IL-4
DPEE IR FEAEMGEINGED 53, CGRP 7 F )N
RIET D ETILA EENTHITITDONRLIS
ZEMWRINE. ZORERIT CGRP NWAEKRNITH
WT Th2 fiflgs b = L, 1L-4 FEA ZHMRT 5
Z & TFITC # %M CHS 2 gt S8 5 2 & 2 R8
L7z

—75, RIERRICBT D Th2 B 608 i & Bk A
HZZXLD1DELTLCIZHT S CGRP O1E
HWMESINTVDS, RIERITBNT, HilEiE
fiid Thl fifE<> Th2 Mg E I 2z €
hA 2 ERET2ZET, ZhsofillziEtis
LR Z A T\ 5, Th2 MR r £ 1 >
ZHEEREL T CCRANFEBILTHD, 2DUH >
RT& % CCL17 % CCL22 IZ &> T#slah 5.
Ding 513 LC 2 6 i E 15 CCL17 % CCL22 ®
7% CGRP 231589 % Z & T Th2 B D Gy i %
RETDIEZMEL TND, 10 X 5 TR R
ELT, invitro lZHBT5HE T CGRP Y X b
MO PR 22T 2 2 &b N TS B Z
DX D IZ CGRP IFAMRNIZIH W T Th2 B GHEIRE
ZE<EHET AR FTH D, TORLRBIERICES
T Th2 #I CHS z#i L TWb EE 2515 (Fig.
2).

B R b L RIGEEICET D CGRP D%E|
PLE®D X 51 CGRP 13 )8 RIE & AR TR A 1 =
AL THIFIL TS, £/, CGRP IIHIERITH
KIDZMETHD, WRERITHRLABEENELCSZ
L TEORNE(LT S ZENTRHEIND, EBIC,
PR A N L A ZHRFET ST LT, CGRP O
BMERL, RESISITHT 2I0EENENT ST
EMMEINTNS. W £/, bhlbNdHIT AN
DAL ABFEITE > TilH CGRP EEDFHE /2
FRZEDTVDS, T THEMINBRA N ZRTEE
B & RAE DBAFRICHBIT S CGRP OEEMICDONT
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|promote mast cell function ]

@ Dermis

|promote IL-4, IL-13 production |

CGRP promote Th2 differentiation
(direct effect on Th cells.
CCL17,CCL22 Tin LC)

Fig. 2. CGRP Enhances Th2-mediated FITC-CHS

CGRP promotes FITC-CHS through (1) induction of Th2 cell differen-
tiation by Th2 related chemokine up-regulation in antigen presenting cells,
(2) direct induction of Th2 cell differentiation and Th2-related cytokine
production and (3) promotion of mast cell degranulation, although CGRP
does not affect antigen presenting cell migration in FITC sensitization phase.

FFA U 7z,

CHS [RAERFICE BRI D ZIZHERA N L A% 5
A % Z & T TNCB #JM: CHS 23l = 41, FITC
AN CHS I3TT#ET 2 E WO RN E s Nz, £
U CHLBREW Z &2 RAMP1 RIEX ™ X TIZZFD
KO MEANAH SN/ (unpublished data). &
MZBWTHRBRINZ A B LAY hE—MHRER
BT D ENMLENTB, s OAIRIZE
Do THERE IR RN S O CGRP O Hh# &
CLR/RAMP1 %4 U 7= 603 4824 O #l i O il T B A
MEAG L TWAA[EEEZ/RL T3,

FEFHESYEREETILICETS CGRP O
%3

BRI T A DHAEFINALFEWE 2 %A L TH
HHRHME 525 2 & THRIAICBIT S CGRP &
BHIRMREO M S R ETINEHENT 5.
— A E AT BT B R R 7 R T R AR
BT BB HERLIEDLIENASN TN
%19 ZZTHKSTHEDOY Y ZIZHIVLT VT
L RZ8®BMAT25ZETHMZSG R, 6 HEHICHNT
gL D CGRP B MR EBR L& I 5,
ZTOMENMHAETER., TITIDEFTIVIT R
CHS Z#E L CZDINENZHmT 5 &, ED
TNCB #% ¥ CHS 234l &, FITC # 7 CHS
FITHET 5 E WD KR NS S N7z (unpublished
data). &L T RAMPI1 R{EX T X TidZ DIEHMN

Abnormality of nervous system
phychological stress
neonatal chemical stimulation

l)ver expression

"4 \O
Th2-mediated Th1-mediated

FITC-CHS TN CHS
Atopic dermatitis Contagct atitis

etc. etc.

Cutaneous inflammations

Fig. 3. CGRP Is an Important Regulator of Cutaneous Im-
munity under the Abnormal Nervous Conditions

Abnormal nervous system induces high CGRP levels to change reactivi-

ty of skin inflammation. These changes are not observed in RAMP 1-deficient

mice, suggesting that CGRP plays an important role in skin inflammations.

HELTWDLZEBMHREL TS, ZOXDITHL
75 R ERIEIT BT CGRP MM A B 72 1% | 2 4H >
ThasEEZLENS.

&EhYIC

Pl E® & 51z CGRP I HEFERAMIAE < T iz
Mhd, FEA TSRS U TER L, RIEREIRE %
HEIL TWB EEZLND. IHICEOKRENT W
B Td D, Thl RO FRE RIE KN ITI1E CGRP 734
HIAI I (8 < — 5 T Th2 B J J§ I SOt 2 et 9
HEVNSERZR D TWAZENREBINZ. N
R ERIEZ DB DMK > THE 4125
1T DRIEINEMNBIERL I SNDEMRKIETH S
Z & &, CGRP DLk NIRIKNTH 5.
£, MRRICEENEES I LT, CGRP DE
HRENBILL, RIERIEDINEIENEMICET 2
e BRI NTE 2 (Fig. 3). AR TIIEE
RIEZRELS 2DDIA T T Tim U TE,
T4, Thl A< Th2 AL A #r#l Th #fgH—
tw FTHS Th17 MRS EERIEICTF G TSI &
%, 19 CGRP 7' Th17 fifa bz {EfEd 2 Z & HH
SENERDTETEBO, D £9F£9 DI O M
EMHEAD. T ITREREICBITDHFERTF R
DEENZZRITHIAL, 7 LIIVF —REOHHIAE
g AT BT /20ICd, IS HRERRTF RN
[EDX D BEERIERINTBNTED X S /il
o TWDON] EWD ERENREHRNTON,
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