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erodimers may due to the cell backgrounds, transfection
methods, way of wash-out of agonist, animal species of CLR
and other differences.

Among the Family B GPCRs that can interact with
RAMPs, four receptors also undergo clathrin-mediated inter-
nalization (e.g., the rat VPAC, [112]}, the hPTH1 [113], the
rat glucagon receptor [97] and the secretin receptor [114])
(Table 2). The CTR can also internalize. After the removal
of the respective agonists, the rabbit CTR [48], the hVPAC,
[46]. the hPTHI [108] and the rat glucagon receptor [107]
could be recycled back to the cell surface for resensitization
(Table 2). On the other hand, the sccretin receptor failed to
resensitize, although there was no evidence of whether the
internalized receptor is forwarded to the degradation path-
way [106] (Table 2).

Unlike other RAMP-interacting GPCRs, the rabbit CTR
is constitutively internalized [48]. Interestingly, the efficient
recycling of the CTR was dependent on the interaction of the
CTR C-tail with the actin-binding protein ‘filamin’ [48].
That is, the absence of the association between filamin and
the CTR C-tail led to a marked decrease in recycling of the
receptor from the endosomes to the cell surface and the rapid
decradation of the receptor [48] (Table 2). Family A and C
GPCRs interact with filamin [115-116]. It hAas been sug-
gested that unlike the CT,a, the insert-positive ?sofornmf the
CTR, CTy,, is poorly internalized [13]. The existence (CT)
or non-existence (CT,) of 16 amino acids in the first intra-
cellular loop could affect interactions with intracellular pro-
teins and the internalization kinetics of both CTR isoforms.
However, further experiments are needed to determine this.

‘i Internalized

- CLR-GFP/RAMP2
- heterodime

/(15 minutes later)
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6.3. RAMP-Mediated GPCR Trafficking

Although short, the C-tails of the three RAMPs, espe-
cially hRAMP3, contain potential sites for interaction with
other proteins [55-56]. The C-tail of hRAMP3, but not that
of hRAMP2, possesses a classical type I PDZ (PSD-95/Disc-
large/Z0O-1) binding motif (Thr-Leu-Leu) [35-56]. The bind-
ing of MN-ethylmaleimide (NSF) to the PDZ motif of
hRAMP3 promotes the slow recycling of internalized
CLR/RAMP3 heterodimers in HEK-293 cells [109]. Al-
though the C-tails of rat and mouse RAMP3 contain an Arg-
Leu-Leu sequence instead of a PDZ motif. NSF also pro-
moted the recycling of rat CLR/RAMP3 heterodimers [109].
However, in a subsequent study, the overexpression of NSF
failed to promote the recycling of the recombinant human
CLR/R{AMPS In HEK-293 cells [51]. In addition, the over-
expression of NSF did not alter the agonist-induced inter-
nalization of the human CLR/RAMP3 [51] and sceretin re-
ceptor/hRAMP3  heterodimers [7]. The PDZ motif of
hRAMPS3 interacted with the Na'/H™ exchanger regulatory
factor-1 (NHERF-1). resulting in the complete inhibition of
CLR/RAMPS3 internalization [117]. In this case, NHERF-1 is
tethered to the surface of the AM receptor and to the actin
cytoskeleton. In contrast, the additional co-expression of
NHERF-1 failed to affect the internalization of the sccretin
receptor/nRAMP3 heterodimers [7].

The C-tails of the three RAMPs, similar to that of the
CLR, also contains potential phosphorylation and ubiquitina-
tion sites (Ser/Thr and Lys, respectively) [55-56]. However.
Hilairet er al. [49] clearly showed that in HEK-293 cells
overexpressing human CLR/RAMP1 heterodimers, CGRP

Fig. ('4). Intracellular u-/afﬁcking of the human C LR/RAMP2 heterodimer. Upon binding of AM (1 nM or more), three GPCR kinases
(GRK2, GRK3 and GRI\;"” phosplwolylate the Ser/Thr-rich region of the hCLR C-tail [30]. after which probably B-arrestins bind to the phos-
phorylated sites as seen in C LR/RAMPT heterodimer [49], thereby promoting the internalization of the CLR/RAMP2 heterodimer through a
clathrin-dependent pathway [50]. Thereafier, the internalized heterodimeric receptor is targefed to the lysosome for degradation [50). Simi-
larly, the CLR/RAMPI heteradimer is internalized and degradated via the same pathway as the C LR/RAMP? heterodimer [49, 50]. On the
other hand, the internalized CLR/RAMP3 heterodimer can be recycled back to the plasma membrane, when N-ethylmaleimide-sensitive fac-
tor (NSF) interacts with the PDZ domain (Thr-Leu-Leu) of the ARAMP3 C-terminal end [109].
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rapidly promotes the phosphorylation of the hCLR but not
hRAMP]1. It is therefore unlikely that B-arrestins bind to the
hRAMPI. On the other hand, receptor ubiquitination is es-
sential for proper trafficking to lysosomes [118]. Unexpect-
edly, deleting the respective C-tails from the three hRAMPs
had no effect on lysosomal sorting of the hCLR, even though
HEK-293 cells used abundantly expressed endogenous ubig-
uitin [51]. )

hRAMP3 mediates hCLR internalization much less effi-
ciently than hRAMP2 [51]. Interestingly, the complete dele-
tion of the C-tail from hRAMP3 [51] or the substitution of
the hRAMP3 TMD with the hRRAMP2 TMD [119] markedly
enhanced the AM-induced internalization of the hCLR with-
out changing the targeting of CLR to the cell surface or AM
binding affinity and potency. It is therefore unlikely that the
truncation and substitution of hRAMP3 promoted AM-
induced conformational changes in the heterodimeric recep-
tors would alter the binding of AM, the interaction of the
receptor with G proteins or both. Instead, it seems likely that
the structural changes of hRAMP3 favor the interaction of
GRKs with the CLR C-tail, enhancing the binding of 8-
arrestins to the phosphorylated CLR. Additional experiments
are needed to confirm this.

The effect of the co-expression of RAMPs on the inter-
nalization of related GPCRs has been shown [7]. The co-
expression of each RAMP did not alter the rate or extent of
internalization of the secretin receptor [7]. Therefore, addi-
tional experiments will be needed to confirm whether each
RAMP modulates the cellular trafficking of the CTR, the
VPAC;, the PTHI, the PTH2 and the glucagon receptor.

6.4. The Effect of GRKSs on the Internalization of GPCRs
That Interact with RAMPs

Although there are over 800 known GPCRs in the hu-
. man genome, it is surprising that only seven GRKs (GRK1
through GRK?7) have been identified [54]. These GRKs are
functionally grouped into three classes: GRK1-like (GRK1
and GRK?7), GRK2-like (GRK2 and GRK3) and GRK4-like
(GRK4, GRKS5 and GRK6). GRK1 and GRK?7 are primarily
expressed in the retina. GRK2 and GRK3 are widely ex-
pressed, although GRK2 is present at higher levels in tissues.
GRK4 is found mostly in the testis and proximal tubule of
the kidney. GRK5 and GRK6 are wildly distributed among
tissues [120]. Thus, most GPCRs in the body are regulated
through four non-visual GRKs: GRKs 2, 3, 5 or 6.

Similar to the three RAMPs [15, 55], the CLR is also
widely expressed in the body [15]. Recently, GRK2, GRK3
or GRK4, but not GRKS and GRKS6, has been shown to pre-
dominantly associate with a Ser/Thr-rich region extending
from Serd49 to Ser467 in the hCLR C-tail, significantly en-
hancing the internalization of the human CLR/RAMP?2 het-
erodimers [30] (Table 2 and Fig. (4)). Likewise, the inter-
nalization of the rat glucagon receptor was enhanced through
the overexpression of GRK2, GRK3 or GRKS (Table 2), and
the glucagon receptor internalization was increased through
the overexpression of B-arrestins 1 and 2 [97].

However, there is no information concerning the effects

of overexpressed GRKs on the agonist-mediated internaliza-
tion of other RAMP-based GPCRs. Instead, there are many
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reports showing that the overexpression of GRKs exhibited
enhanced receptor desensitization (e.g., the rat VPAC, [1 121,
the secretin receptor [121-122], the rat PTH1 [123] and the
porcine CGRP receptor [124]) (Table 2).

The overexpression of non-visual GRKs (GRK2 through
GRK6) produced significant increases in the VIP-induced
phosphorylation of the rat VPAC, receptor [112]. Moreover
these GRKs exhibited enhanced receptor desensitization:
GRKs 3, 5 and 6 > GRK2 > GRK4 [112]. On the other hand,
GRKs 2, 3 and 5, but not GRKs 4 and 6, significantly in.
creased agonist-stimulated phosphorylation and desensitiza-
tion of the secretin receptor [122]. As both the VPAC, and
the secretin receptor undergo clathrin-mediated internaliza-
tion [112, 114], the GRK-mediated phosphorylation of thes
receptors is thought to promote the subsequent binding of ﬁe
arrestins for the respective receptor internalization. i

In another study, the overexpression of
fively inhibited eorstin-stinulated CAMP accganﬁi selec-
enhanced secretin receptor desensitization) in NGIO(;‘ (or
cells: mouse neuroblastoma X rat glioma hybrid cej o
The co-transfection of either GRKs 2, 3 or 5 withStEZl].
PTHI receptor inhibited PTH-induced cAMP gen © rat
whereas the co-transfection of GRK4 or GRK6 had niratmn,
on PTH1 receptor signaling [123]. In this case, the C-t Flffect
not the third intracellular loop, of the PTHI receppo’ but
required for receptor desensitization [123]. Onp t‘})]or as
hand, GRK6, but not GRK2 and GRKS, promota "
CGRP-mediated desensitization of the overe):pres fred the
CGRP receptor [124]. sed porcine

There have also been reports concerni
GRK2-K220R, a dominant—r‘:egative GRIgEg nt?:ta;f;fect of
GRK?2), on CT signaling in Chinese hamster ova (DN.
cells, which endogenously express CTR and G Ty (CHO)
6, but not GRK3 and 4 [125)]. The stable express; $2,5 and
GRK2 inhibited GRK2-mediated substrate pho 1on of DN.
by approximately 40% and markedly impaired éphorylaﬁc.n
desensitization of cCAMP formation [125]; how, T-mediateq
no reports concerning the effect of DN éo Cver, there are
tivity of GRK5 or GRK6. DSIUCt on the g,

6.5. Potential Drug Targeting for
Complexed GPCRs in Cardiac Diseasfz;sR 1 ang Ramp.

GRKs critically influence the funct]
includmg.the RAMP—interacting—GPI(ljclt{l: Izﬁiinost GPCRs,
the non-vxspal GRKs, GRK2 and GRKS are | e 2), Among
pathogenesis and development of cardi()v;;lvolved in the
states; mcreased.GRK2 expression results } ‘}:lular disease
cardiac and aortic hypertrophy and heart fr} Ypertension,
creased GRKS expression leads to hyp ailure, while in-

and cardiomyopathy [53-54, 126, Simipar " heart failure
> . Similar to
tors [18, 127], the VPAC, receptor has benefglé?afxf;:t(;e?x;

hypertension, heart failure and myocardial fibrosis [128

129]. These RAMP-interacting receptors are desensitized

through the overexpression of GRK?2 GRKS or bo

2) Therefore, GRKZ_and QRKS have been considerté:l (’i;able
ising targets for cardiac diseaseg, Recently, potent inhill)ai(:m-
of the GRK2/3 superfamily have been developed baseq o
the crystal structures of bovine GRK?2 and its related hom oln
ogy modeling [130]; however, no additional informationoi;
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available. On the other hand, no selective inhibi

GRK4/5/6 superfamily have been developed.hllrlln;%r;it?:nﬂ:e
the development of the selective inhibitors of GRKs th0
dev.elopment of small molecules that reduce the transcn', ti .
of individual GRK isoforms could also be useful fi ; t(;ln
treatment of cardiac diseases. or te

CONCLUSIONS AND FUTURE PERSPECTIVES

The discovery of three RAMPs, multi-functional acces-
sory proteins, has dramatically changed the concept of the
mplecular_ basis of GPCRs. RAMPs preferentially interact
with Family B GPCRs. In this review, we proposed that both
the' EC.L3 and helix 8 play key roles in the agonist-mediated
activation of the RAMP-complexed GPCRs, especially th
two AM receptors. Moreover, we also mentioned the czrren(:
view {)f the agonist-induced trafficking (internalization and
g;%clmg or lysosomal sorting) of the RAMP-complexed
e Rs and the roles of RAMPs and GRKs in their traffick-

Although so far, over 700 articles on
published since the discovery of RAMPsl,zﬁgAnl;slﬁfr: lieeg
issues remain with respect to the agonist-mediated activ(;t‘i’ X
and trafficking of the RAMP-interacting GPCRs includ'on
the three CLR/RAMP heterodimers. For ins;tance lt?lg
mechamstp(s) of lysosomal sorting of AM and CGRP r;c :
tors remain unknown, but the establishment of strategies Ef:‘g;
promoting receptor internalization and recycling (see sectio
6.3.) coul_d be important means for the persistent si n of
both peptides. ‘gnaling of

CONFLICT OF INTEREST
The author(s) confirm that this article
flicts of interest. content has no con-

ACKNOWLEDGEMENTS

This study was supported in part throu ;

o gh Grants-in-Aj
for Scientific Research from the Ministry of Educatim:na:ﬁ
ture, Sports Science and Technology, Japan and a res’earch
grant from the Takeda Science Foundation. ‘

LIST OF ABBREVIATIONS

AM = Adrenomedullin

AMY = Amylin ‘ o

CGRP = Calcitonin (CT) gene-related peptide

CLR = CT receptor (CTR)-like receptor

CRF, — Corticotropin-releasing factor 1 receptor

CRF, —  Corticotropin-releasing factor 2 receptor

CT = Calcitonin

C-tail = Cytoplasmic C-terminal tail

CTR = CT receptor ‘

ECD = Ext‘racelluiar N-terminal domain or ectodo-
main

ECL = Extracellular loop

- GPCR G protein—coupled receptor

Kuwasako et al.

GHRH = Growth hormone-releasing hormone

GIP = Glucose-dependent insulinotropic polypeptide
GLP-1 = Glucagon-like peptide-1

GLP-2 = Glucagon-like peptide-2

GRK = GPCRkinase

Helix 8 Eighth o-helix

PAC, = PACAP I receptor

PACAP = g:'it:itary adenylate cyclase-activating polypep-
PTH1 © = Parathyroid hormone 1 receptor

PTH2 = Parathyroid hormone 2 receptor

RAMP = Receptor activity-modifying protein

T™D = Transmembrane (TM) domain

VIP = Vasoactive intestinal peptide

VPAC; = VIP/PACAP 1 receptor

VPAC, = VIP/PACAP 2 receptor
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59, AMEFIOW Y4 MBI L 7oty 37
V7 F IV (LysArgd L Z ArgArg) THEINTWT,
CEDTyriz#id Gly XAM®D 7 I PO 5.M41C
LhHEEZLNS.

X512, AMAERED Y 7 F VR TF Ficki< pro-
adrenomedulin ®NFK D 20D 7 I /B S 5
FF NI, CREATLF= (arginine ; Arg) 7 3
FREZ A L2 L ARG~ 7S Fproadre-
nomedullin N-terminal 20 peptide (PAMP)" & LT
AERENS (R 1B). PAMPZEET T v MIiks

T AR THRNZEERESRBOLNB,

BREEII AM L I L T TH 5. /2, AME
PAMP O E A & IZmidregional pro-adrenome-
dullin (MR-proADM) 284 &K 31 5 (B 1B). MR-
proADMIZAEYF R 2 HEIERD Sk vy, &£
EETOBWEDT—H—L LTHEHERTWSY,

AMRBBEBESBRZ EOIREVHTEAREIN TS
D, ERGERUNOERICLEHLEHZETSHC
EDRHALRII R TWA(R)”. AMIEHR 2 MWE
RIZEAMERTIERHZ R, £OEMITLEF
BHNOEBEEANESRTHY, —3, —HBLESR
(nitric oxide ; NO) D Z N3 A1EHbH 5. —K,
HE Y VICAMABET 2 X, BIEE b0
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Amidation )
enzyme

MR-proADM

Tyr- Arg-Gin-Ser-Met-Asn-Asn-Phe-Gln-Gly-Leu-Arg-Ser-Phe-Gly - Arg

, Asp-Thr-Phe-Gin-Tyr- lle-Gin~‘His-Ala-Leu—Lys—Gln-Val—Thr' *Thr

50 52

Lys 30
A‘sp\
Lys-Asp-Asn-Val-Ala-Pro-Arg-Ser-Lys-lle-Ser-Pro~Gin-Gly-Tyr-NHz
40 :
B GKR
preproAM

N

enzyme. B: & M AMAIBRFOMEE & AM,

Cys Pl"le
C)'(s Gly

20

£ 1
, ERPRLIAF 21U (AM)D
M BELEAR
midation Ak FAMOT I/ BES.

proadrenomedullin N-terminal

20 peptide (PAMP) 8 & U¥mid-
~ regional pro-adrenomedullin

(MR-proADM) DA G R,

CONHz mAM

EOBEREMNT AP, AMoOLHIBEEINER X
AMASDIEICEBEEA L TWATRELZL O TY
B. Fio, HEOHMME LSS, AMIZT
YIFT Y LI ALHEEAAKEOEELE
R, DBIRKEIEER S B 2 EASRIE ST
Wb, '
AMIHREOFAICHEE LS EZ L Tw5. AM
EEBIRICES L, B2k -+ Y ARR
ERERTO. $h, WBEER»SOT VAT
SWEHER, 7y M TEANED S ORIFEER
# 7V E ¥ (adrenocorticotropic hormone ; ACTH)
SWEEER 2 AT, RET v FOREICAME S
¥ B L, BAKATEIONN, HAEEATE O, &
BFTEOHH, VT LY OS5I EEE
ENTVS. TOXHIT, AMBHRMMEIC S PR
bk - BRENT  AOWMEICHAS LT 5l
AHoHY,

AMBET KB~ T AR TR T, BEZTE
THAHIEDPRENT WS, REHEAEKTIE, IR
FRELNEHIROEESRATHLHLEHIT, L

£ FRL/ATF U (AM)DRENER
MER

FUR - NaFlfR

RO

TN RRF T R
LA b L A

I S35 384 T
IR U N S

L B - WO s I ik
PRI A+ H 4
EINEEIE '
SIRS TOIERHRENE T
B5 s

ATy

ik R EEE A

BLILIEIE A

mEFHL: - wEl
TR b= A
AN R A R i A
FRIORM~OBH A

UL

EEROBEAERICKE REEERD, MEHEEM
MR IERIE AMOAR R 2 EH & Bbh s,
50, BMMRICBWTAMPMEFEZREL
BEAUET L LPHRAOKER OB shTwy

3

ook
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Coronary ligation
o)
100 ~
AM
80 -
0 Saline
£
g
¥ o EEE
AM
204 or p=0.016
Saline
0 : — : )
0 10 20 50 60 (H)
#H

2 EMOBEETIILSY MIBUIAAMBEICLS
SFEYEMR
(Srik1d X Y s

2%, AMOMEREEAORA A=A 5L UTIRINE
Pl 121 &, phosphoinositide 3-kinase (PI3K)-
Akt, ERK-MAPK, focal adhesion kinase (p125FAK)
AL CMEANEMROELE - #E - MMz RT
EFHE SN TS, 361, FHEHHRRBICSNT
1, AMIZcAMPZ AL CIEFIIRICEH C Z &z,
PIBK-Akt %/ L CFEHOBEERECH . 20
7z%, vascular endothelial growth factor (VEGF) &
E2Y, WEMEOATE  FEHE o 7258
ARMELFHATREEZEZONS, DL X)) RiFH
HHAMOMEFHEEHOHE*BELT, EHIHE
BRBMIIZE L v ¥ — L EIRREESIT, NiTHE
WOBEL L LRWEBEORMERERON -V v —
5 & BAZEE B IRTEALAE (arteriosclerosis obliterans ;
ASOI N LT, AMHB, & 5\ IdKE B IRTE
AT & AM¥E 5% 0ER 3 2 BRIRBISES G 2 L Tw
5.

3 DBEEICE T 3 AMDIREAESNES L
BESAAOTEE

SO E IR E TP AMIREE®

L R, 2~3 ATCEMEICET A, AMEEE
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R AR ORI B B L ADHBAALNADT,
A8 L7 AMIZ DB ZE ORI B W TR MK
WL ORI CWS EIEESND, F72, Tv
FAMELHEEE TNV OLEIIBIT S AMIBSH A
mLTwa, FH5I1E, FEHRERIEDT Y b
APELGEETFLEERLT, EEVEFY VS
PP HAOAMOMBEHREL Y, AU LHEE
AVEENC 1 HBAMZHRE L2 A, EERNK

HL A 2), 9:BRIIZAERIFEELOLHMIIML

KEBMEALIIH S W (FER ) €79 ¥ 7o),
LAREOIEL LTOMER & ARIGREESR
EL-(R3). 2% 0HEETS T VEDICNT 5 AM
BE5OA Rk, BEROMRL Y RESHh, 245
BT AEMMOBIRMNIZEGICI DVREE TFROWE
ERMRIPEONDWMEESELH 5.

AMIZ 7 8 b — ¥ 2 P12 2 SR A AR 25D
D, HERFEOLHEEICOHENHL I EHRS
NTWaY, 5y MEMHERETVERCLBRET
1, AMPZRSIC X D BEAEINCH L. O
o7 R P— AFEF IR ENTEBY, F0O4H
£, LDREOREL L ERIRKHED EAIZAM
BHIZX VAR SR, b 05RIEPI3K
HEREMFRICL DRI T2 L0 0, —EEPISK-Akt
BEREN LA 7 R b — 2 AH 25§
BIENELOND. F7, AMIBOHRENRAES
DB BRI O 1L P R A BT o 1 1 BRI~ B % 1

CETAIETY, MMIEEE RAET 5 RMEATURE

BERTn5,

Bolt, EVAEBBHETREL Y & —2 0 Atk
EIREADO AMB S BBRORENE L I WE X
N9, 10FlOEMELHEEEZCHL, BEOH
AR I A TR AT 2~ & AMBR G0t 2, %
D 12K D AM(0.0125~0.025 u g/kg/ 57) 25425
Sh7e 2 BICHEERTAASNZ2, 3 HEHD
REEERITAEICSEL, MR TG L 212
F A4 ZEEEICHNAL TV, EBEFILVTDT—
51390 T BRI TOAME L EES 14
TRERMIRENERIIRE L, SBROBEN
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HEARTS

(mg/g)
8-
6_
B
i
} 4
*® —I=
=
2-
0 : Pl
Sham . 0.3 1.0
Saline —m———ox——
AM ( pg/RERT)
Ml

(mmHg)
18 ek

124

FRESHR ST A
[o2]

4..
0 ‘ ki
Sham ‘ 0.3 1.0
Saline —————
AM(eg/RETED)
Ml

3 BMLBEETTNI Y MIBUS3MBAMES LK S BMHO TR EDR

**5<001, vs Sham, 'p<005, '"p<001, vs Saline-MI

mEshs.

) REMBRRICHT 5 AMOREEEZDY
BRLAEICANOTEE

AR L7z & 91, M s R Mz~ Dinter-
leukin (IL)-1 %2 tumor necrosis factor (TNF)-a, lipo-
polysaccharide (LPS) 7z E O LIEEH L A4 D
I & ) AMOBETEHSERICTET 5. E
BRIC, FRCLIE (2 5 4 B 1% SOE BUSIE R ¥ (systemic
iﬁﬂammatory ‘response syndrome ; SIRS) BHIZHB
WTIHF AMIBESEHIC ERALTwA 2 EbHLR
DT JHELOEIER SR TS, 72, K
MFEET NI ANAMZRG T 5L, MATEREDL
CEPFRDOONBIATTIERL, MEPTNF-a, IL18,
IL-67% EDOIEET A " A4 YB35 Z LAV
LTwa®, Zokiiz, kL, flzrore
FRIZBWTH, AMAPREERBISH L CTHIHIBIICIE
HT5IENERINTEY, 58, 3FEF454%
FEMEREANDOHEBEA~OILHANHEFEINN S,

HILECBVWTHAMIBEE, SR TEL S
HLTHY, HICELRBTORAEY. BilE
BEOBRERIHABICBVTHOAM BB EHLTH

Presented by Medical*Online

CLWk14 & DD

DY AMIZEHIBEBEET VT v MO LTS
VR 2Rt S B RoTVBD, $72, b
KIGHEE L OERRG KEERGEICBWTEMRET
AMOZEBAHHBLTEY, BHEOEFTF~HEET5
TSRS SR TV 5, |
AMPREERBREICBVWTHAEFHZ ﬁ?*}‘ el
Lz, BREREEE SOV LB - 55
WEHEERT L2, THBLEICBT55E
(inflammatory bowel disease ; IBD) 123t LT3 L4
EXMREEZHTHHAREEEEZ LN, %% 5L R R
BUKBHEET VT v F 2 HCTAMOVIREY)
BEMELEPP, 5y PABOKIETICEEREIEA
THILILNVKGATEEET VEIERL, AM%
LM 5 HEERIREG L. To#R, AME
BT REE & it LT AM BB REA IS B ST
FAYEANLTEL, HBFENREE TIRET~DK
SEMIREAIBRETH o2 (K 4). 3612, EEBH
BREONHEFVTHLFTFXMT CHiEE (dextran
sulfate sodium ; DSS) B &€ 7 vt L AM & B
5125, AMBEBIIEEICEL, FAER
A, TH, MEEL ER L, WEAKRENR
THFRERRPIEMEORE, METSADPHEEIC

FRL/AF2 UL ORBERR 14es



07

X 4
ERESR R KIFEEIC
WY DAMEBORE
YL

A T IREEPIIRG

B xB#ILAE

C: AM#ESBRIRE
D AM# 5B KE
(ko2 263 HETIH)

B L7, BEREVLZ &2, KB R T (n-
traepithelial T lymphocytes ; IEL) 25D 4 M A4
YEEDBE T, AMBRESRIIBWTHRELYT A b
#4 v THDHINF-y, TNF-a, IL-6DEANHFEI
s, 2H5ICHEES AL b A4 2 TH S trans
forming growth factor (TGF): S @A D S
7o. 7o, AMBRSHTIETREICIL, KBBEAM
BEOBIBAEONLZ &Y, BRruEDRO—H
LEZXONY. EBRBRAETVEIPICHT 2 AMD
AR, YESBUACLEROBR»LME SN
THY, MU= baRy¥ Y RAWVE ¥ E (trinitroben-
zenesulfonic acid ; TNBS) B EETNVENM 2 &
DEL S IBRETNVRBEENZES R EDR L -/
BEETOHRIDH DI EARENT B,

DEOEBENAFEL, BEALERGERERE IS

WTABEMELEKRE LT, bhbIIiEEE
BN KB LB T BRI Z BB L TR A, 60

LB Vol.45 No.12(2013)

AT BHERR R & MERBR BRI TR L
7oA EFRE A DG S N o BB R B RS %
BHEI, AMOERESRRES (1.5pmol/kg/ 4, 8 B
/B, 12B88) 217072 25, BAERRBEEA DA
S, EEIRELERICEATEL(R5)Y.
WEELPETIE, BEFORRILIZLY, BEE
KBROBBROZBALWNSBALNTBY, 4%
XLIZHEMAREINTWS, ZRIZEY, X570

A NIRRT AR EESERG LML <

ETEY, HEd b EEHRE R IIREE
Hed L7 AMOEGIHESERGRIGHFEEE LTD

FRESHF I NS,

& . =%
4 2 1=]

AMZ, BEERZ I LDETHEEANDIEL VA
BCHERH - s h, BERERICHLEEBLRER
RPHELTWABRELRTFINTHL., E5IZ, AM®D
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hiE 1 BOFEGHERE 2OTMBOTT AF
viag—Sr ¥ EEHMlRLBIRI=y %
R LSRR, FMEICIIBHESE MR,
RIEMALHANDENFTH TS, T IR
A L CFE AR R s AR HE S M 1
HEL, SRSt ) v 7 ADEERITET
5. MEpicfEvmEANEAREZEIETL, B
ELRECias -4y, 714708 2F7,
ToFAryhrivofifgse )y s R
WikET B, i, PEVIIAFVOEHE
IR L, $ICBEIRSEET O ARRD
BAIRE LW, L5 AF 2 OEFIE40~T04E
LIEEIZEL, RATIEZIAF VIIAHEN
s, {RIEEICT 7 -7 ERATHET 5.
IR — 7 8iziE, vsu7 7=, T-Y
Y RERG EHE A ORIEMRESEEL, REET
1 A4 %EE - FilT 5. REPRPR~5
fefalic b BHRRFE(LOEATEE Y, =707 7—
¥, U rosERPT R MG EHRBEL, B
DM % (vasa vasorum) MEAE T 5,

TGF-B & EFRHESF M~ D
FIEGROIE

K% 4 3F 4 (myofibroblast) (X R ES

L, WS L FEHGMEROPEICALEL,
MBERIC a7 7 F 2 2R LIGERE R T 57
R A~ OB RER I, HRSR -
wiERE, HERBI~OEEENFTEL, Migst
2 Yy 7 ADEERVEMTS. LiL, €
DEFUABIEY B L (RIR)BELTET 5.
At e Bt CREER OBIBEY, &
ARG, EERIIRFER (L) #ig, —
BEICEEZ SN, TGF-BILMRHESFHIlL % KRk
FMNCEERESERNLATLELTHSL

- 5. TGF-RRREIMEEER LY, LEMBIZH

THLBHP NS LEHECERT L2, 7

VA F UV, TMVRAFO YR EOME

Ve E 2 14, NAD(P)H oxidase (Nox)4%
o1l integrin®® 1 (X TGF-B/Smad> 7'+ ¥ 7%
LT, B LCEEWIZHE L TR

ERBBE H74E K2 F

~OEEERE RS, S OICTGF-BIIAEMRE
B RARMIAL - RE2 (L 8 ¢ (endothelial mesen-
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578 Fh@wx, TGF-B/SmadBZ~D A A
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V¥ I OEE) LN ED LROTGFBEE -
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TOTGF-BNRBDITTET 255, TGF-BAEIZRE
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POPBAENDRITEIHCE A L BESR
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vasorum) 2 & A, PIBEE & UHIEO PI1/3138) TH 5. MMPIZHIEsE~ M) » 7 2% T 5
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