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ERBERTA TR A VI -V EBIO
HERMEETFORBRICHTHI LY b=V
BEFEERSF FOBHICE T 509t

SRAFEFREERMENRERE (EE BTEREED

z

= &

EEHEEROTRGRERTCTHL ALY b = VEEFHEESFF ¥ (calcitonin gene-related peptide, CGRP) O %
RBETRIC BT 5 HELBHA L. 5y P MEBBRHOMRERMR L VL RNA 2HHLT, / -Fv 7wy MERK
TREFRBETAN. Fr bt v ao— v erbA, erbB, myb, src, raf, sis, fos, myc, Hras, Kras, 70 b W IHRREVE
EFELTYA L7 4 v (dystrophin), 34 ==Y (myogenin), $# <~ vEEH1 (myosin light chain 1, MLC1), $#¥
v &$Y4 (myosin heavy chain, MHC), 7 &%/ 3 Y V%4 (acetylcholine receptor, AChR) a- YT z= oy PR WRE
LT BT77Fv cDNA 7 e—7L LT, FAFhOEETFORROELE, CGRP HinC X HRBOBERI. 5
BEBRBITT v FA YV aY—vDHRT erbA, src, raf, sis, fos, myc, Hras, K-ras P ERERNCFEIE LT\ Dy, erbB, myb

DRBIBDLRIr -7, HHERWEDIZLT, tORAFR

2bbhtc. CGRP & X h Kras & AChR 72 =y

F ORBABINL, HIEDTe S & b305a5 8 Kiliciic h BRI HEFHF I i, CORP RWRERHRERT L LT,
BREMBOBARBEYEGEF I ATavia—A LTWA I ERRENT.

Key words calcitonin gene-related peptide (CGRP), K-ras, nicotinic acetylcholine receptor
(AChR), skeletal muscle, trophic factor

BRI S\ T, REEE ST A SRR T
T ERLETAL I AShI-HETHS. LrL, TOBFIC
DWTRE LA TR, BRHODEABORAFAMEDH
EHRBEELTWATEMSELLRTER., ZhETERBC
T AEEBERERT E LU, TEFa Y v (acetylch-
oline, ACh) REEHIhTEH. L LEERKEH
ACh LEbrn iy b= VBIETFBE~ Y I (calitonin
gene-related peptide, CGRP) 2\ tFET 5 Z L 2¥dbh, £ O
FERFERTE LTORENEE IR D LD ™.
CGRP 137D 7 3 VB X D e h 4 FEHBUWORTF FT,
HALY = VBEFLCaI-FERTED, mRNA 00X 75
AV IDORBTHALY =, CGRP W) Rz o1
mRNA ZEEHERCHET 5. CORP 1&# e £ BB
Rk o7 F N CTIEHRIERY, BRI ERY E0mb
HTWD. BRBIESTAIEBE LT, =aFvET7T 25
2V V&K (nicotinic acetylcholine recepter, AChR) ZF3 i
I R EIRER IR E Db T EBAHELAC TR,
#8912 AChR FMMMMBE Z 5 = &13, CGRP BB T
BERHERBRTFE LT ZEERLTWS EEbRS.
LTAT, HIREELYANTIBAL LT R AV a Y~V
RESRDB L O oTe. Trbdvad— kv AL AEE
EF LA LR ZE - BRI EETHEET T, LOEY

SR 84F 1 A30RZEAM, FREF4LA2AK

RO BBECEELRRERH T, —HOEDORE
ELTT b Avar—VvOERMEAIhTE Y, HlanH
B BETHEY LT 5. EE12, CGRP A0 smE &\
S EANLBEEEFOT P AV a0 - vOHERNEDED
BEFRECEELRIEL, BRDGAROBIELHERET 2 WE
HrELRELT- .

HHEHLUFHE
. B EERR
BRI AICEE ML, Devieotes 5", Appel 5" DFEIC
FWLTOL g L. BENBEOYASAE—-FT v b
MR THEGLERRL, 48, 0¥, SoAMtRER, RER
WEETWHEIL, 0.3% F Y 7> v (1: 250) (Difco Laborator-
ies, Detroit, USA) 4LERIC X b BRI BR L E-72. Zhi
1%+ 35 % v (Difco Laboratories) Ta—F 4+ v 7 LI ER
B0mm 7T AF y 22+ VL CEERET, HE) W I1x10T EE
B LS HEL, 204~REREE Lok, 0.03% MV TV
MEW L o BEEBMMIEER L L. S & st
NEEDELFIR L ORI BRI RET B DI,
2—F 4 VI LTWEWT T AF y 7} ) I T15~305H
B LGFMRCEAL BN L. RBEsFva-
F4 v LEER 35mm I AFy 7 VL (EHEF)

Abbreviations : ACh, acetylchohne AChR, rucotlnlc acetylcholine receptor, CGRP, calcitonin gene-related
peptide ; MHC, myosin heavy chain; MLCI, myosin light chain 1; PKC, protein kinase C




BHE mMRNA Erny b = VEBEFEGEN TS 1 L

IXIM@E&TeBd X S HEL, 5 AMBFEARr EEI .
£33 B HUMRIBHEFHROBA X 72D 1M 0 v b v
v7FEs Y F (RDEME, KB 2R, DEog
R A TEBITT, BREIL, Sy alEAf — 7
# (Gibco, Grand Island, USA) 12 10% 44 R 113 (Gibco),
1%_=V v ALV Tr=A v vERK (Gibeo) inzizd
OxFV, 37TC, 5% CO, TTHEL2~3 BRI EERY
T L.

I. FZE4ERam 50 RNA O

1. CGRP D%

T &Ry aBEEA — TS AMBRE IR
B, Faovak 2BEHT, —HKIZI0CM DT o b
CGRP (Cambridge Research Biochemicals, Cambridge,
England) Z¥RINL, B2 REMAF (W) & Liz. CGRP %
% RNA #hiH ¥ TSR, 0.58:E, 28R, 8D
SEEfT- 7.

2. RNA O

£ RNA O 77 =0 v /vvoarnssd FERZLD,
UTDXIARTo%. T4 oV NOEBEMRCSBEED
55M 47 VBRI 7T =P VR (5.5M A7 VB T =
v, 5mM 2= vEEr VYA, pHT0, 0.5% % vz >,
0IM 2-ANAT L&) =) RINXEBRIR. 5T &
vazus4 ¥ (0.IM EDTA &) 3ml # SW 50.1 = —
4 — (Beckman, California, USA) EOR IV 7 r<—F 5 — I
BEE¥, O CHEHRE 1~15ml ¥ EBE L. 35000rpm, 20°C
TI2ERIGA B5B0 U7c s, ThB%: 500ul @ AM 4 v 7 vER s
T2V BMFAY T VBRI T = VEREERTHERL
hD) BB L. ZOBBREY =y XV IFALT7F o —F 1T
EUR L, 10,000rpm TI0OHMED L CRBHERV 2. Y
D=y RV FAT7F . —FWB L, IM B 1254 & =%
= 3T5ul Nk, —20C T 3IWMLUEEEL L.
10,000rpm T2045- &L L, B%E 400 © TE BHE
(10mM Tris-HCl, pH 7.5, ImM EDTA) ¥ L. Ehic=x
B = NIRERC X BB - BB 0B Lk, RNA DR
ERBKCE» L, 260nm OBKEEXRIE L RNA BELRD
1.

M. /—#>7nv b

J=FvFey MIANATATE FER I DT - 1.
2254l (10ug) D RNA v I A% = g RY FALTF 2 — T &
D, B XFARKEREER 02M kY /) Fa v ALk y
B, pH 7.0, 50mM Effgs + U 7 &, 5mM EDTA) 10ul, o
AT NAFe F 1754, m a7 3 F 50ul iz X REAERXE,
SSCTIsRINE Lz, 7eds, hA AT AT e FidA + v30#H
BilE AGS01-X8 (AARAT 4 » 5o F, BR)WTHRILAELO
ERV, IHIZIOXBER (0% 27V r—n, 0.25%7 =
A7 2/ =T h—, 0.26%F> L7 7 =) 10 20
Z, BRKEIESE Mupid2 (7 FAVA, BR) L0 1 %77
BN 1 v—yvdHich 10u (lug) D, 50V XTI~
LSRR IE L e, B TH, Y 1rie s oBKeBL,
DRBEKETHT B L L DAL AT AT PR,
PANGH A R —p—BOLV—vEFOH L, HIESERNT=
FEU AT mwA FTCRAELE. L4 D & ik 20XSSC
(BM NaCl, 03M 7 =V 1 U v &) 205 B Lictk, 7
Ry 7 4 VIZEBRZOR, FOLEKFAI R VT 4 ME—

Hybond-N (7v—-vr 22 v, ER) 2BE&, ¥bC
3MM ~—,%8— (Whatman, Maidstone, England) &R —,¢— %
ANEBCTCEIXYDOR, S VvAT s — L. BHFA
BYT ARk HUSIRBE LT RNA 2EE L7,

V. DNA 7R—70OiR%

AEBRTIX, 7o—-7LLTC, B77%+v, ACRR a-% 7 =
=y b, T bF I L—vD erbA, erbB, myb, src, raf,
sis, fos, myc, Hras, Kras DEH10E, PR b u7 4 v
(dystrophin) cDNA, Hfila{tRERFELTIA Y ==V,
FOMOFERIETGTF L LT 3+ VB 1 (myosin light
chain 1, MLC1), § # > vE&4 (myosin heavy chain, MHC) %
AL, B-777v e —7YRBRRIEMAZ LY B
#EE25, AChR a7 ==y D7 r— 7943 ]. Lindstr-
om Bt bifEThi, Feittvad-voSe—-Ti1tE
TEBEEOEBERA V. VAMr7 4 vOFe—7 12 L M.
Kunkel B+®D T &%78 T, American Type Culture Collection
(Rockville, USA) & b AFE L7z cDNA D 4-5a (cDMD4-5a)" %
LA, MLCI, MHC {2 R. L. Davis @+ X b, 342
=it W. E. Wright 4+ X v 5%, Zhb DNA
ZHREKT 25ng/pl OBBIZHEL, O w5 v Fu 77
A=—=DNA SRV U IHy M (T —Yr sy V)AL
T, 50uCi @ (a®P) dCTP (7= — 4 & ¥ 3 V) I CES
L. kREIED [(@®P) dCTP it QIAGEN-tip (7 =2+, &
) RVTRELL.

V. M7YELE~2 3

RNA BB LicF 10 v 7 4 X —%2 L—VviH$D
(CGRP HINFEEMBHEDORT) DREIWX Ay P L. N T
YRy (aREASF, KR)DFRIEAL TV ELE—v 3 v
¥ (5XSSC, 5% Denhardt ¥ (50 X Denhardt ¥ 1 % 7 < [fiFE
TATIV, 1% 7423—=n, 1¥RIEE==nvay FVE
W, 100ug/ml BEM Y 7 BT DNA, 50% =V 247 3 F,
10%SDS)) #EE, TOPFTHy P L7 4 M E—%—MIER
L, PV 7YV EAL L=y g VEToto, RIZT 4 VE—%
VP S m — T DA ST NS TDEALE— g VB L,
RCTH—"=F14 MEE LI, ~1 TV EA - 3 VIE,
74 F =k 2XSSC W TERTIOHHE®RL, 25K
0.1%SDS %#-&1r 2xSSC K TH0C30DH A vHF o= g v
BT -7 (ZOBFE 2EM LB OE L), MBEE, X R4
s s X-Omat AR 7 4 v 4 XAR-5 (Kodak, New York,
USA) #ffiLy, =T0CTH = S PF 537 4 =T, X
74 na b bhl RNA OBREN AV VORE A
Ay P AF w7 — CS-9000 (BEHUERT, &) I hEEL
7z.

V. #Etne

BONRHENT — 212 X£SD THLE. 7~ 2DHFE
ZEORBIIHEDOH D t REER A, p<0.05 ¥FREE LI,

B "

. BEHFHERICEST 370 as—0FR L

CGRP RMDOXE ) :

Sy VERGBAEERRTE, B LS e b Fvav—
VOHET erbB & myb ZRBEARD BRISh o foh, FOMOD
Fu bt vav—-vTiskhd erbA, sre, raf, sis, fos, mye,
H-ras, K-ras OB R Ihe (K1, £1).CGRPti 3
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BHix TR SR OFETRE Lick 24, Kras DA I
TEORBEIH 2ETHR LTV GRL).
1. SEHERICHTIHSRMOBIZTFH LU AChR o
Ja1=. FDORHEL CGRP FNOME
5, FEREGEEEME T, cDMD45a, A==V,

o8s -l
188 -

myh SHEC

285
188

285
188 -

285 -
185 -

285 -
183 »

H-ras K-ras A -actin

Fig.1. Northern blot analysis of rat myotube total RNA
probed with proto-oncogenes and f-actin. Lane 1, RNA
derived from cultured muscle without CGRP; lane 2, RNA
derived from cultured muscle with CGRP. Positions of
ribosomal RNAs (28S, 18S) are indicated on the left side
of each panel.

Table 1. Relative expression rate of proto-oncogenes
mRNA after 8 hr incubation with CGRP

Proto-oncogenes Expression rate

erbA 1.2040.36
erbB No expression
myb No expression
sre 1.16x0.31
raf 1.024+0.38
sis 1.05+0.17
fos 1.11+0.24
myc 0.97+0.28
H-ras 1.234+0.39
K-ras 1.90+0.35*

Each value indicates X +SD (n=4). * p<0.01 compared
to control. ® Expression rate is the mRNA ratio
between the myotube culture with CGRP and that
without CGRP.

N

MLCI,MHC, B-7 2%+, AChRa¥7 ==y + DREIHEINER
Ihtc. (2, %2) CGRP wintk 8 R 0FE & D LE T,
AChR a7 == » ' ORBOZXEFEBRZEM LTV (&
2).

. CGRP Zhnik OEessZEik

CGRP #intt 8 B0 B CRIEI WML T 7z Kras &
AChR a-%7 == » MIZBI L CRBFNELZRE Lz, Tib
%, CGRP #Hpnssh 5 RNA fiH{EH £ TORER % 0. 5K5 [, 2
BefE, SEEMIE L3R BWT, FORBEYUELL. %
31RT X512, Kras, AChR a7 ==y t & bITHEME
0.5BM T T REHHPDREIRD BN, Kras & AChR o
47 2=y P ORBEIIPILL &b 8 R ¥ THMBDRH R

2885 28S
185 185
Myogenin
28S -
185 2

Aoattm

cDMD 4.5a  AChR a -subunit

Fig. 2. Northern blot analysis of rat myotube total RNA
probed with myogenin, MLCl, MHC, human AChRa-sub-
unit and B-actin. Lane 1, RNA derived from cultured
muscle without CGRP ; lane 2, RNA derived from cultured
muscle with CGRP. Positions of ribosomal RNAs (28S,
18S) are indicated on the left side of each panel.

Table 2. Relative expression rate of muscle specific
genes mRNA after 8 hr incubation with CGRP

Muscle specific genes Expression rate”

cDMD4-5a 0.97+0.23
Myogenin 1.11£0.34
MLC1 1.08+0.16
MHC 0.96+0.24
AChR a-subunit 1.76+£0.33*

Each value indicates X #SD (n=4). * p<0.01 compared
to control. * Expression rate is the mRNA ratio
between the myotube culture with CGRP and that
without CGRP.

Table3. Time course of K-ras and AChR a-subunit mRNA expressions induced by CGRP

Expression rate® (X +SD)

Genes No. of Incubation time (hr) with CGRP
samples
0.5 2 8
K-ras 8 1.78+0,39* 1.70+0.17* 1.90+£0.35*
AChR a-subunit 4 1.53+0.23' 1.7140.23 1.76£0.33"

* p<0.05, p<0.01
» Expression rate is the mRNA ratio between the myotube culture with CGRP and that
without CGRP.




EHE mMRNA Ehly b = VEBEFHEE~SF ¥ 103

AhTWBZ EHHRIhT. ¥, Kras & AChR a7 =
=y P OERNELIRARTS - 7.

% =

AChR ZHEN S OREBELEOZEETH Y, HHRaDBEE
ERWTEERBEEATHS. TOREESLHMIBMET X
NKELEbDLTENMBR TS, BRHOTEMEIL, B
PHBECBRIEYRGB T AL AT V52, Thix
AChR D X 5 e EAANEED L IMiic L sb 0L
£r1bhb. ThETCHAROBEAREERFORME LT
ACh BEARNBATELN", HERARZHESTFFTHS
CGRP RV IR TLR™, TO/EAFEEYED .
RSB &z CGRP B EwEET 2B EMNEZA
#-CTP BAEAE - 757=V— v 25 —Eh b hiEH
o=y bEAL cAMP %€ h Vv PR vy — & LT
Bew BT Y. B+ CGRP offA& LT,
AChR D™, BHUFEIOME" b T 52, THINME
HERIAIRN cAMP BEHBINC L 230 THD T EHRE
AT\WBY, Fi Cambier 5% cAMP 237 054 v+ —4&
C (protein kinase C, PKC) Dfifa & bERA~DBTx b
L, EEFRELRGT o EER DD R L. EE
1z, CGRP ¥t s v Fv 7+ ThHD cAMP 158G
Mo FRBEYFAM L C\ 2 EEMN Y # 2 7. CGRP &N
it A, HiE Lo AChR st mRNA EEEHEHEEE-72b D
THHZEE, BRBREIATVAY, 40, HMsEx R
+TrEEDHBTr b Fvav—ve ACR # &L HERMW
BHOREF LB L.
TebFvav-vRVA L ABEGRTER U E-
HRACEETHPEETT, ThEAREERERTF L2
2—, GTP #EERE, FRB+ 1 EVvEEH LV - il
DEBCHECKELYF-BEAEY =2 - FLTW 5. B
AOSesT a7 r b val—vOEBBIHREIRTWS
B, Fetrvav-vIifiROHERC L )M FEETD
BE, YCIHETAHE1D D, TOBREREHTHI?. K
WRTIL, EEBMBERTIT erbA, src, raf, sis, fos, myc, H-
ras, K-ras @ mRNA OFEEARBD Lhih, ZoHERIz
Claycomb S5DHE L —H LY., zhbDFattvay—
VIR OB BT, XF R THEELTVS
bDEEZLRD. B IASLDHT Kras DHp CGRP
BN X WA BRLYZTTH I EN) o7, Kras 12
CGRP #ing0.5uEfn 5 8Bl 2 <, TORBME L FH L
TED, ZOFERKNZE(LIX AChR a7 = = » F DRI & FFT
LTw3 (%3). Kras BEFOEDLCTP HEEEHED R -
ReT 2 3 )~ D—DTHH?, MDY 7/ F NV EEREBTE
FBAA » FO/BE B FED?, KFIED 5% Kras & ACHR a
V2= b EOEEORD DIZFE I AL, CGRP #
AChR o472 =y + DRBEEFEFT LT, Kras OXER LK
LAERRBETHILLELLND.

ras BB X 2 BHRBG~OIERIZ, Hb, BEOHHTH S
CERBE BT 5 TH AP = DRI, MyoD1 &3
EARITAZ LRI DA B IRB I LBRMBRT VRS, £
DIHEEHRE HIT, HRHEMRETORALA. i,
A Y= =vik MyoDl & & bieifilaReE - HERFELT
EEEEIh TS, Ff, SHUEROXLSTHERRLTH

EERHEREL, I - iR L o i B SRR BT
13, B OBETOREANMIL»OERFIC L b R HIES
hARERDHBEEL LD, MyoDl 12= v ABHESF Mk
(C3HIOT1/2) %59, 42 = =ik MyoDl s LT
S o FEEMRAEL (L6) X h BB, LIS FOPRBICHEE
BEF myc 77 3V —LABRAROBVERE, ThITBELT
N ReflicmiEREMOREEE L TR, DNA E4HERE
ELTHRETIRBAETCHAILERELTWAY, Bot
HEETFE LTIz oMz, Myf B, MRF4® siEbh T
B0, WThbTOBBICHERYE TS DNA £aHEHT
BHZERHRINTWS., APFRTHWCT » F OFREER
MRTIRIF V== vOREARTDLh. HFEMRI HHE
MRS 2 @BTIR, vy, ToFY, taK=v,

FERFY Rl O—EDORMBERES CK i EHifllla T
B RETHEER, ACIR HFOEENFEIND. 4H
B\ o s A R B HIHE TV MLC1, MHC, cDMD4-5a @ JsZ4¢
MEEEN. UL, CGRP HMZ L3 ZhbDBEBETFREARC
REITIe L, ARERFERT LIS 4V = = VIERERL
HWARREOHMEBETFIC L, ERAFEH IR TVBbDL
Exbhil.

HORFIZ LB Kras OFEBAToOWTE, FEAKRTH
% Reuber H3I5 R W THE IR TWBY, &I, 2Ah v
2 Kiras BELEBNEBE TR TAZEYRVHL, *
Tz PKC SEM{EBAEL TV S A[EER R R LE. BHEDOR
&, SER L7 CGRP DfEANE AL EREZ DR,
K-ras BEAHIMBORK BT XhBZ &1k, Kras ©
MRS BT A HRER E 2 5 L CHHKRBVWVEETHD

48, CGRP % ¥HinT AR, 13 & A & OEBEHIFMas
BEMENE DL LTOAETHS Z Eh b, CGRP 2345460
S LB OMRICRER T & LTEL TV S RTEEN 2 E
zbhic. CGRP OfEARRICEE  BIETERANALRIC
ToteZ & &b, REFERPTETH D EBERER, KHH
BERCEVT, KA, RE~DBS, SHIRERLYEDT
HRERREBRFOMELFNTVALLEND B EE LD
%

#® B

Sy FMERGUAEERRCBT A e b A vas v, B
HENEETF, AChR a7 == 5 }® mRNA ORELED
FEBCT 5 CGRP im0 BB+ B LCLUTO/RRE B,

1. EBEREBMIACIL, erbA, src, raf, sis, fos, myc,
H-ras, Kras L SARE L DT Th SBEO T = F 4 v
2C—-VvHRERRLTEY, thbhiBiaosmEsa, L,
BB S LTV A ATEERE X D,

2. Fetrtrva—vOhT Kras D&H CGRP Hno
EEY T OREBITH 2 L1 LT\ 7. CGRP Hintk
DERHNELIE, ACRR a7 2=y tOFh EBELULTE
H, MEBEORAFPLEFORFIC L DAFHI N T B EERIR
B hic.

3. LRUADHERNERT, Thbdbbitv=v,
MLCI, MHC, cDMD4-5a 3 RB2 ME S hicdy, CGRP D4
RED LRI h T,

4 . KPRV T CGRP R EFMT HREHNL, 13& A EDH
BHFHRAHERRANE DL LTV BETHBZ &hb,
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CGRP 2oL LicHilao R RERTF L L TEW
TWAHERERERE 2 bhi.

| &

WMERLDlELR, HEHEAREEE Y ¥ L-BMREFEBRHET
BELOIHEBLET L b, BEEOHEY - HBTYBIE LS
JIBABIE 70 5 W SR AR A TR 7 F A EHEH A Fh#E
CHELSRBBLET. ¥, AR R THEGALEE LeB4E
FRE/ARGLLERITCFEH LT T,

ek, AWRO—IfL, BE4EE NEH - #REATRERTE) HoA

e 7 B IUMBERBRORRE L BREMBCET 2R AR
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Effect of Calcitonin Gene-related Peptide on Expression of Proto-oncogenes and Skeletal Muscle Specific Genes
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Soc., 105, 400 — 405 (1996)

Key words calcitonin gene-related peptide (CGRP), K-ras, nicotinic acetylcholine receptor (AChR), skeletal muscle,
trophic factor

Abstract

Calcitonin gene-related peptide (CGRP) is a potent trophic factor that is secreted by the nerve terminal of the motor
neurons. The effect of CGRP on skeletal muscle was studied for the expression of proto-oncogenes and muscle specific
genes. Total RNA was extracted from cultured rat embryo's myotubes by guanidinium / cesium chloride method. Northern
blot analysis was performed and the expression ratio of genes was studied. The studied genes were erbA, erbB, myb, src,
raf, sis, fos, myc, H-ras, K-ras, dystrophin, myogenin, myosin light chain 1 (MLC-1), myosin heavy chain (MHC) and
nicotinic acetylcholine receptor (AChR) « -subunit. The expression of all genes was detected except for erbB and myb. The
addition of 10"M CGRP into the culture medium increased the expression of K-ras and AChR « -subunit. The increased
expressions of K-ras and AChR « -subunit were paralleled from at least 30 min. to 8 hr. after addition of CGRP. CGRP acts
as a nerve derived trophic factor from the motor nerve terminal and regulates gene expressions besides increasing muscle
contractility.



