Jobu University Prace Ralaaca

2023 &£ 3 A 9H

Mt

>t Al
bR HERR A 1Bk

BRIEIC T d#-hiaBEE2—T v b

Bm=

THRAFEFZEBAARAAOEDEREZR (LKAXAFED X IFRFEBRR—VREY >
DAY FFRERIR), ZEEMUAFAF SRR OBHS £ERIR, BB TFHES,
BWINEBLHBR S, BHEETLEY (VX)) , R, TRPVLI /v 777 YT XA THERNK
#IERF -A (Vascular endothelial growth facto-A, VEGF-A) DBI=FENT, X /30 8@if%
TV, ZTORREBRELE L. ZOEIE, TRU—=FEFTHRL, ZLORR—YEGFR
ICHELC2HBEDREA HZ X LDEFICDAAY, VEGF Lt 7% -1 (VEGFRI ? kR
K« PERERZEN 1990 F£ICHDTRHEL, Fitl Lad LTHRACHRE LB RTF) 2R
BEX—T Y MIRBRYSBIEERETHHDTT,

R ERIEZAE (myofascial pain syndrome, MPS) CEFRRIEE, XEMERIEL, FHiE
DHRLIT EHEICWZE2EDEELZE L, RERROBBPCABERDEINBELHE>T
WEd. X7, IhofBEETE, EROERBE (NSAIDs, 3EXRTOA FAESR) OME
DEONBNWIENZNWZEBLMONTUWET., AR V-7, HEMFHBORIEX H=
ALEBEY VS FILOGEERBOREZ BHICHRBEE T LEYZEL L, FOKEEEITE
DT L FEIBFMENT T E L7z, VEGF-A (3, MEFMELERBICBVWTEEZLRRE ZEL
EEERECEBEERRICE T 2RBEABEICBBE YT 2L INEY, £ L TVEGF-A %, #HililcH
ITAEMRRBICE > THEHRINDLZITTHLRBESFREY A A e b@ARBLTLT,
LAhb., KREMHRECTIE, RAIOEMRELERBEREY A M HA VORBIFEEICALN
F3. LHL, BHREICHTS VEGF-A DBBE5 & Z DN FEBIITRETY,

AR TIE, STRADE T ABHBEEFREHDIREMICK2AE (carrageenan) , $H 25 LML
VEGF-A165 BEFHBRA X /X7 235 L2WH, BLUBRUHRHETET L8 E/FLL,
BRrICH T2 VEGF-A BRTFRIBEZHITL E L7-. BFT0OER, BATICHT5 VEGF-A BT
RIRAEMT 22 &b £ L7, £2T, BUSAIC VEGFRI tiEzH&E5 L1 & 2 AERE
BWEAE L CWEL, —7F5 T VEGFR2 ° HHIHLE, HFMFITIEHRIIBENTLE. £ T,
TRPV1 “#£5#1%) (capsazepine) ZZHEIR S L7-& 25 VEGF-A IC & > TERIN-EBEED
mElENE L, INSDOFERIL, BBIEICHE VT VEGFRI & TRPVI 20 L 7-BEZAREE
D&HDZEehHHY, VEGFRI 24T 2 2 & TRIEMHBIEICE T 2EBEBHANENEIND
ZErbhmr ELT.

VEGFRI |, EHERE T TR CHBEDREX—7 v b LT, Z L THROBERBEIFRED
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AR IL, $H 5% 2 AIC Lippincott Willams&Wikins F1T D&% 5E [ Neuroreport |
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(a) KRBT — KT —I2B1F5 MPS (MPS ZWiUETH 5L tenderness, [
HUR refferd pain, RS taut band) ODARELRT 77 7. (b) KENMA K L2X
JEBRE (27U U R) SRATARRAPEGNZ I T 2 E KT = —@if ARBEITR
FEMGEDIL DTN (PR & & 7 A 227, (o) ~ v A FEEEBORWHE,
HRFAIT VEGF-A165, & 5 \MIE KA carrageenan Z 114 L7z, (d) ~ o A TR
FROMEWTIAE, soleus : & Z A, FHL : ERHEERG, FDL : ERBEET, (e) AwET /L
~ U AL, BEYM, H2DHVIE VEGF-Al65 (&N HEFEIA -, 2ng DL E TR %75
%) T JRETIZES T 5 2 & TR L, ERIEE TR 279 2 & 2l L 721%, VEGFR1
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1)#2 2 &l (carrageenan), $ 3L\, VEGF-A Y OATERHICIRSLHEEETILEMELREZRA1-.
2)BAEFFEICLIHBEETIVIZET VEGF (FBEETE0H ?

3)HFJESEIH 11D VEGFR & TRPV1 DB EIE(E 2
4)VEGFR1 #7099 ¢ 3 ETELDRAR—YBIFREMUFE B SHBEDEMIRIL DRI OGNS E
RIS,

[ﬁ%@ﬂbﬁ

MPS, fibromyalgia (&, FIREZEERIEKRET SHA/FIRICH DN DFHBAE THY, taut band (FFIEEE) &
FEIEN D EERIZF DFESZE LY, TP (trigger point, R)H—RA VL) EFE XN 45 REEREELCET.
NOFBIEIEL, Z<OFERBICENT, BADEE BRI/ NTH—IURTRKIREEG->TNSTZITTEL,
—BDAR—YEFRICEWNT, BB FLELVEEFTERBBELTVWAEETESINET. FHEAEICKL
TIFZLDBHEAE GERER, B, fFAERLGE)NMBESNTOEIDHRBIETDLDDEFAN=X L
LARRALGANZL, TOEB/BBHNOEEZMAN=XLIZDOVWTIHEKAFHATHY, taut band Z&EE755 TP
DEFBIZTOVTIEERINTLEEA.

VEGF-A |, MEHELERBICEVTEELREEZ Rz LRERBCIEBERRICE T 2B REHUE
ICR5d 5 &N Ed, £ L TVEGF-A L, BEMICHEIT2RMREBICLE > THERIND T THRE
BERMEYA PO ebmEEAL TV, MEUHBETIE, BRAOEMKESD RRBHEFHES A
FhAOXBII\EICAONET. LHL, BHRBEICETS VEGF-A D5 & £ Do FEE T

TY.

GiEAY R A ST |

AR TIE, YT RADE T XAHEEREHOBHEREICKEAH] (carrageenan) , 5 LML VEGF-A165
Mz 2oz ES LM, BLOEZUEPHEET LW EZ/EHRL, BATICH S5 VEGF-A &
TFRIBEABITLE L7z, BITOBR, BRTICHEIT5 VEGF-A BRFEREIEMT S b £
L7z. 227, BUEMIIC VEGFRI Az %5 L1-& ZAERBEEANE L <H&KEL, —HTVEGFR2
SrAlE, BERA TIESRIEBREN T L. £ 2T, TRPVI “#E#HAl (capsazepine) Z#FHaik5 L
7-& 25 VEGF-A IC& > THERINERBED I INE Lz, INoDiERIE, BBEEICENT
VEGFRI & TRPV1 Z M L T-RESBRENH 5 T L HRE I, VEGFRI ZiI%3 5 2 & TRAEM
FRIEICB T2 RBaEBNENINE Z e bh Y £ L7
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Relative local gene exprassion in the injection site (ipsilateral muscular tisswes) at 30min (2) and &0min (b}, LG and LE ipsitateral dorsal root ganglia
(DRG] (c), L1-LE =pinal cord {d) and L5 and LE contralzteral DRG () at 60min after unilateral inframuscular injection of aaline, camageenan (CA)
or VEGF-A, .. n=10 each (a) and n=1 each (b-&}. "P<0.05 compared with safine-treated mice (one-way ANOVA with 2 Banferrani post hac test).
ANOVA, ie of variance; VEGF, vascular endothelial growth factor.
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{a.b} Time course of ntramuscular carmageenan {CAl-nduced cutaneous mechanical hyperaigesia on the ipsilateral (2} and contralateral b} sides.

The paw withdrawal threshald after GA injection was measured using the von Frey test (n=11 mice for the saline group and n=10 mice for the CA

group). (c,d) Tima course of intramuscular M'EGF—A NEGF}-mduced cutaneous mechanical hyperalgesia on the ipsilateral (c) and contralateral

(d) sidies. The paw withdrawal threshold after VEGF |n}ec:|nnwas meazurad uzing tha von Fray test (n=11 mica for tha zaline group, n=11 mica for

1:he 2 VEGF roufg n=~6 mice for tha 1 nﬁ\fEﬁFgmup and n=6 mice for inzctive VEGF). *P<0.05 co gged with zaline-treatad mice [wo-way
with a moni post hoc test). ANOWVA, analysis of vanance; VEGF, vascular endothelial growth
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(a,b) Time coursa of the effects of postireatment with intramuscular anti-VEGFR1 antibody (VEGFR1), anti-VEGFR2 antibady (VEGFR2) or IgG
control at the injection aite (arrowhead) on intramuscular VEGF-A, . (VEGF)-induced cutanecus mechanical hyperalgesia on the ipsiateral {a) and
contralateral {b) sides. The ‘withdrawal threahold after UEGF‘ |nj5ctinn ‘was measured using the von Frey tast (n=0 mica for the VEGF/IgG
group, n=1 mice for tha VEGF/WVEGFR1 group and n=0 mice for the VEGF/VEGFR2 group). (c,d) Time course of the effects of post-treatment with
intramuscular VEGFR1, VEGFR2 or lgG control at the injection site {amowhead) on inframuscular camageenan (CAJ-induced cutanecus mechanical
hyperalgasia on the ipsllateral {c) and contralateral (d) sides. The paw withdrawal threahold afier CA injection was messured using the von Fray test
{n=9 mice for the GA/MgG group, n=B mice for the CA/NEGFR1 group and n=9 mice for the CAWEGFR2 group). *P<0.05 compared with IgG

control mice (two-way ANOWVA with a Bonfarroni poat hoc tesf). ANOVA, analysis of varance; VEGF, vascular endothelial growth factor, VEGFR1,
vaacular endothelial growth factor-A receptor 1.

Fig. 4
(a) o ipsilateral {b) 3 o contralateral
VEGF
.E Ny B VEGF sy & VEGF
g 48 -+ VEGF/ZM3zies1 = 4 - VEGF [ ZM323661
g+ 2 a -,
= =
= = - 4 (S
£ a2 ] 2 B -
Fel Ul
3B B S e
T o L L
m‘;‘ﬁ“@&@f@ﬂf&gb“ & .bi‘ée@&.;}d‘ip‘f@& g
Time after VEGF Injection Time after VEGF Injection
(€} — i ipsilateral (o) = s0n Ok contralateral
L] £ A E Y = ca
e 4 i CA L ZM 323881 e & - CA ZM3Z38E1
: 5
4.4
= 1- : IE 42 N
5 2 4
S & pra "
e e
Time after Carrageenan Injection Time after Carrageenan Injection

{a b Time course of the effects of post-treatment with an intramuscutar VEGFRE inhibitor (ZM323881) or control at the injection site [arowhead) on
inframuscular VEGF-A, _ (VEGF)-induced cutaneous mechanical hyperalgesia on the ipsilateral (a) and contralateral {b) sides. The paw withdrawal
threshold after VEGF mjection was measured using the von Frey test {n=0 mice for the VEGF group and n==8 mice for the VEGF/ZM323881
groupl. (c,d} Time course of the effects of post-treatment with an intramuscular VEGFR2 inhibitor (ZM323881) or contred at the injection site {amow-
head) on intramuscular carrageenan (CAj-induced cutaneous mechanical hyperalgesia on the ipsilateral (c) and contralateral (d) sides. The paw
withdrawal threshold after CA injection was measured u&pﬁ the wvon Frey test (n="0 mice for the m&%l‘? and n=& mice for the CA/ZM3I2?3BB1
group). “P<0.05 compared with control mice {two-way ANOWVA with a2 Bonferroni post hoc test). 'A, analysis of vanance; VEGF, vascular
endothelial growth factor.
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Immunohistochemical analysis of the expression of Flt-1 (VEGFR1) and TRPV1 in the ipsilateral dorsal root ganglia (DRG) of mice after saline, car-
rageenan or VEGF-A, _ administration (n=38 each). (a) Representative confocal microscopy images. VEGFR1-immunoreactivity (IR) was found in
almost all DRG neurons with varying intensity, whereas TRPV1-IR was detected in a subset of DRG neurons. Bar=100 pm. (b) The ratio of neurons
with intense VEGFR1-IR to the total number of VEGFR1-IR neurons was determined. (c) The ratio of TRPV1-IR neurons to the total number of
VEGFR1-IR neurons was determined. TRPV1-KO, transient receptor potential vanilloid type 1 knockout; VEGF, vascular endothelial growth factor.

Fig.1

HIBEIEK, HTX¥—F > (CA), F7-1E VEGF-AL65 % REIFMERITTES L, (a) 30 9, (b)
60 D DENHIBFTELGFHFIE, (¢) 30 9%ED L5 HLUL6 (ADBAILEHIL LS £ TEAY
TRATIE L6 FTHD) EMEIBRBHEZEE (DRG) & (d) 60 9% D DRG, LU (e) &*HA DRG
ICH 1T 5 VEGF EEFHEIR. £ n=10(a) BLUVE n=3(b-e). *P<0.06 EEBIEKTI
LY RELE (VEGF (239 3 ANOVA HEIOHT EXAMA Y 7 = 0 — ZHEIBTE)

Fig.2

(a) Al BLU (b) B TOERANZ 7 F > (CA) FHRLBEHBRREEBBOEERG,
CAEHE D~ 7 REREEEITERIMEL, von Frey RB% AL CRHE L7 (RBBIEKEETIX
n=11<7X, CATlxn=10<7X). (c) B, LV (d) FEDOFHEAAN VEGF-A165 (VEGF)
FHREEEBNREEEHOREREZRE, VEGF (X T 2 EBEEITHEEIL, von Frey 7 X h%fE
FALTHELE L (EEAREABETIE n=11 v 7 X, £BAEKETIE n=11). 2ng
VEGF Z')—7, 1ng VEGF Z)L—7Tlt n=6, &M VEGF Tlt n=6). *EEBEIEKT
PIBLfo< 7 REHE LT P <0.05 (VEGF 239 % ANOVA DB E MAARY 7 A—=
FHRIRTE).

Fig.3
(a) FMAl, BLK(b) TOBHARNDZ7F > (CA) BREBEMITEZBEOREZE,



CA 52 &R B eI TENRIE (X von Frey 3% AW CTRIE L 7 (£ ERIE/KEECIE n=11, CAT
i n=10). (c) M, H&LV (d) HEDOEHEA VEGF-A165 (VEGF) HF & EMM AR =B
DOFFEIRE.  VEGF JF5%ORBEIETEIRMGEIL, vonFrey TR b2ERALTREL X LE
(EBEIEKEETIE n=11, £BBIEKETIE n=11, 2ng VEGF ZL—7, 1ng VEGF 7L
—7TlE n=6 v YR, NEE VEGF TlE n=6), *4£BEEKTNBLAEYIZEHKLT
P < 0.05 (VEGF (2343 %5 ANOVA D8I L WAHAAR > 7 = A —=—FHEKRE). (a, b) BN
VEGFR1 #4&(VEGFR1), #T VEGFR2 ¥ifA(VEGFR2) %71 1gG (T & 2R AIB DR DREZAL,

(a) RAIOHARN VEGF-A165 (VEGF) FREEEMAEE GO FFHEG (KH) Toay
Po—sL, (b) RXFAIME.  VEGF SE5it 0EREEHTEIREIL, von Frey REZEM L
THZELZ L7 (VEGF/IgG 22\ Tlk n=9, VEGF/VEGFR1 Z')L—7 n=9 VEGF/VEGFR?
JI—7"n=9). (¢, d) ICLZ2HARNZTF> (CANEDHROBREEZL, (c) @1,

(d) ROFANCE T 2BEEE. CA T5BOEBEIREIEIL, von Frey SMEx AW TAE L 72,
(CA/IgG Z')L—7Tld n=9, CA/VEGFR1 Z')L—7Tlx n=9, CA/VEGFR2 7' )L—7Tl% n
=9). *lgG &LEE L T P <0.05 (VEGF (2333 %5 ANOVA 8ot L AAR Y 7 = A —=Fk
&TE).

Fig.4

(a, b) A VEGFR2 BEEAI (ZM323881) F 72X /EETEMI COXIEE (KED) ICL 2%ABED
SIROBERE. (a) EAIBLY (b)) HMIDOFHARN VEGF-AL165 (VEGF) FREEEEN
BE@E. VEGF ;TR EREE{THRMENIL, von Frey T X hA2EARAL THESNE L
(VEGF Z')L—7Tl% n=9, VEGF/ZM323881 Tlx n=6) . (c, d) EAAA VEGFR2 fHEH|
(ZM323881) F 73 EETEAITORIBE (KEN) ICL 2 BBEOMBEOREZE. (o) BB L
O (d) RERIOBHARNAZ ¥ —F >~ (CA) FHREEWHIEREEL. CA JF51% DK RE R TH
fEl%, vonFrey X h&2FEALTAEENE L (CA ZJL—7DiFHEIE n=9, CA/ZM323881
DiFEIE n=6). *P<0.05 FE~ 7 X &, (ANOVA DEIAHT E WAMA Y 7 = A — ZF%iK
E).

Fig.b

SEAMEI RO 12 & 2 R AHRET (DRG) ICH1F 5 FIt-1 (VEGFR1) & TRPV 1 0%31R
(a) RENLGHESBEMEESR. VEGFRL 2E&RIS (IR) XIZIFTNTHODRG =2 —A Y THE
af7z2%, TRPVI-IR X DRG Z 2 —A Y O—fETiH I N7, (b) =2 —B > DX, VEGFRI-
IR DFEITHT Li8UWRSZ R L7 VEGFR1I-IR MtbE, (c)VEGFR1-IR OIS T 2L RIG %
7~ L7 TRPV1-IR DLbE,

TRPV1KO : TRPV1 / v 2 7 k< X, VEGF : MEANKKERF



[(AEBREDOERE L SBDOEE]
VEGFRI (%, EHEBEEITTCRIHBEDEEX -7y b LT, ZL T, FROERHGH
FEoEMEE L TCOBEIEI-NET.
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AL % 4 b Lt Vascular endothelial growth factor-A is involved in intramuscular carrageenan-induced

cutaneous mechanical hyperalgesia through the vascular endothelial growth factor-A receptor 1 and transient
receptor potential vanilloid 1 pathways

#3& : Masaya Watanabe, Takashi Ueda, Youko Miwa, Yasuhiro Shibata, Natsuko Kumamoto,
Shinya Ugawa
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%1 VEGF : /&N EHEFHEIK 1 (VEGF) 1%, MAERAEY v NERE, WERMONRE ERICBE 53
LEEEBADOYA NA T FUE, W, Kigke & OBEEE T3tk VEGF masBLEfIx ¥
BREBNE WS ZERRE SN TVWET. ERK - A TERFERA 1990 FIZHHTRML, Fltl &
g Lo ies LB {ETTF.

%2 VEGFR1 : VEGFR-1 (F1t-1:Fms—like Tyrosine Kinase) 1% VEGF-A 38X B & OFSAREA AT
%. VEGFR-1 @/ » 7 7 U b~ ALMEMOI RN I 2 X 7= UCTRAESIE L 72508, iU
MEFAEOIHNCL DL DOTIFARNEEZEZ LN TEY, T LA VEGRFL IXAMIZI T 2 mEH £
kLTI HRIEIC@ <. E 7z, in vitro ®FEERTIEH 5 2% VEGFR-1 OHIEDOHIHLT AN F—3 &
DIBFE~DE G2 K ET HMEN SN TWET. VEGFR-1 KAEMED S 7 B ) o ~F7
7 v — ARG VIE O TIZEE 5 L g T,

%3 VEGFR2 : VEGFR2 |Z VEGFR1 & Hb#t L C VU > RIZKkI T ARG REITIH WV ASEERIEM TR, &
AW RTINS 7 F BB T 2 FENRREDIZIZHEoDT A Y 7+ —ALTHY, &
N EGHIAEIC B L CI A Hr A OMRRIC K E <EE LTS B2 b TWE T . VEGFR2 |% VEGF-
A, C, DBXOE LOfEBREEZA L TEY, VEGF-C, DX VEGFR3 IZX L THREAAIRETH Y %

T v U AORBEOBBRICB N TUITREE TR 7.5 B (E7.5) 225 VEGFR-2 OFBLNTRD &
NET. VEGFR2 260> 7 F/VIZEC Y Y IBILEAL Ch LT r Y UKD Y Vb bimE Y,
RARY NX—F Cy OIFEMHAIZE &< MAP T —BoiFME b A5 & LES. £/, IF



VEGFR2 DRIIZ L 0 {EMEAL S 47 P13 & — B ASHIIEHAN « EFIERICBI G L TV D 2 & vy
SNTVWET.

¥4  TRPVI : —iaMEZBIKEN I TF AL F X RNV T T 7 Y —V A R—

1 (Transient receptor potential cation channel subfamily V member 1 TrpVl, 7% A
SREBIORNR=mA FZFELELTEILND) X7 THY, (b hTIR) TRPVI IR
TlokoTa—REnET. Zhid, —BESZEREEM A=A RZEEY T BOEY)OH
STz A R—=ThY, R REZHREREN S XV EITN—T DY 777 I ) —TT.

IR NNTEE, AT F v RO\ BREN T 7 I U —0D TRPV (en) Z /L—T"D A L
— T TRPV1 O#REI, RIEOMH EFE T, AT, TRPVLIZY 7 RO X 5 RE LR A DIk
AL ET. —UWROPEREE = = — 1 0%, TRPAL (en) 7 /v —7 (LRI 25K) L W LA
EREERM OB 2 M LET.

FREEN EXE LERAXFE DJxIJY- b http://www.jobu.ac.jp/index.html

OFEARES T370-1393 E¥FBRSIATIHTHET 270-1 TEL : 0274-42-1183 FAX : 0274-42-5202



