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OHREE B —7 KL U REREHRRE

wroH w2

B LMlEaEcd3 B 7T FLVFY vEEE (B-AR) X5 GEAEREZEHKREI, 7I3=2
h &FEMEIC B-adrenergic receptor kinase ( BARK) 2k ->TVY vk s. GRK o955 GRK2 I3 8
ARK &FEiEhH, B-AR %) vE#{td 52 & TG EHE L DORIC uncoupling 21ED, [EFERESE (homolo-
gous desensitization) %5|ZH 7.

1) s ichE > 0 B-AR BORIGHDIE R I1E, Fic B-AR @ down-regulation &7 F=1LEEY 7 5—
+ (AC) DfEAIEHEDE T IMEEL, %E X ACmRNA VIEIOED EFfTL TV,

2) DAL TIE, B-AR ZODOBE/EIX B-AR1 @ down-regulation & mRNA DK, B2-AR TIiZ
BARK DiEM: & BETFOMMBBEIEOFKNTH 5. MAT, Gi2o®meE AC IEHEOETAHET 5.

LHL, &£ POARLTIE AC mRNA VEIGEWERORKME L 3L TH 0, AC EHOETIE
mRNA BTRE L, Gi2DBNOABKELHOTWE EEDLNS.
(F—7—F: LHEE, BT FL Y Y REE, BEE, 77 =LY 7 7 —+ mRNA)

CARDIAC FUNCTION AND B-ADRENERGIC RECEPTOR SIGNALING
Katsuyuki TOBISE

G protein-coupled receptor kinases (GRK) phosphorylate only activated G protein-coupled recep-
tor such as B-adrenergic receptor ( 3-AR) in myocardial membrane. GRK 2 is commonly known as
B-adrenergic receptor kinase ( 8-ARK), leading to a process termed homologous desensitization that
is related to uncoupling between phosphorylated B-AR and G protein.

1) The age-related changes in myocardial B-AR pathway is primarily regulated by the down-
regulation of B-AR and by reduced activity of the catalyst adenylyl cyclase (AC).

In addition, the level of AC mRNA (typeVI) correlated with a decrease in catalytic activity of AC
with age.

2) In heart failure, BAR desensitization is due to both diminished B1-AR number (down-
regulation) that is associated to reduced content of B1-AR mRNA, and impaired B2-AR function
(uncoupling related to enhanced SARK activity and its mRNA). In addition to this, both increased
Gia and reduced catalytic unit of AC are found. However, the gene expression of AC (typeV)
was reported to increase in human end-stage heart failure, while the result of animal study was
contrary to that of human study. Therefore, diminished AC activity in human heart failure may
not be associated to the content of AC mRNA, but rather to increased Gia activity.

(Key Words : cardiac function, B-adrenergic receptor, B-adrenergic receptor kinase, desensitization,

adenylyl cyclase mRNA)
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B-7 KL 7 U VEARKERIZER

1) Z DRk

T RT OIS IR & RIS EE 0 —FH AL i
B - T, HEHHIEREAREE D, KB IEEIZE B DL
FEAMEEAL 15 5 & S ICIHNC AT E TV 5. 3T ECEE
DEE L, v+ 7" 2% norepinephrine (NE) 2/t L T,
fifaiEicd s B-7 F L+ ) vZE K (adrenergic
receptor ; AR) ZHllH L, X512, GEHBEMLSTF=
WEE Y 7 5 —+ (adenylyl cyclase ; AC) Ef{mESh,
B-AR 1EHIKERZHKT 5.

LD B-AR 13 B1 H75~80%, B2 H520% %% 5
5. LELUADINE, SIEXELLE TR, B2idL
AETHS. B1, 2-AR & b “fHlalE% 7 BIEES 5 G
HOELERME Th 5. BEERE, 7I=2 P
TYIIT=ZAOREEGHA TS, MIBNE Y&
GEHE LS, CRINZY) B EEZ TP T L E
Vv AvA = vERESD. GEHEI Ga, Br &
D5 =8&THY, AC, Phospholipase C 1 # v
Fr Yy UERAEILTVAS. Gs & AC IEMEE{ELEL,
WiT Gi (3 AC IEHEZEIS 5. Gi i3 Gil, Gi2,
Gi3 L 3OS FTRMLEET 5. AC &, ME—
cAMP Z2FELT IR TH 54, kL viEHanrin
NVEY Y VEEZMED TRR RS & LT 9 F D ) T
DHEREINTOS. LD ACmRNA (ZIVA S VIR A
GELTVEN, EZVOIRYV, VIETHS. “6[0
PEEE K A A vich] &< AaE AR K 2 4 o H
2[EE D BRENAMETHD, BEERFZEEVOILD Ca
ForrlEELlPTWDE, FlEEZT AC &,
ATP & Mg /5 cAMP %2EEH 45, cAMP (3t 7
v REXwtv Y —& LT protein kinase A (PKA)
iEHALL, 20 YEMLERC & > TEA KN L &Y
CaF + v 2B E, Ca  MANEEEZ NS, O
AlZ, calcium-induced calcium release 25| Z# C L,
DIEe L% S 51t 5. LaL, cAMP &
FEAS10° Mol (Z#9 % &, phosphodiesterase T—H#
aREN, MEERKRZ S, I A1 TF/ v URER
E M2azxHhY vEEKIR G 2ALT AC ZiMH
LT Ca~ ORAZE, LHEREZ{RES 5 L D i<,

2) BiE{E (densensitization)

B-AR D& 57 GEHEXRZEERRE, 7TI=2
MMEFEM D B VIR ) YB{EEhBE. T T =X
MEFEMHwC ) VBT A —@# DEEFE %, G-protein-
coupled receptor kinase (GRK) &FE3:s. GRK (f+
Vv AVvEA=vFF—€T, WILHETE GRK1A25

GRK6ETHY, GRK213 B-AR ¥+ —+ ( B-adren
ergic receptor kinase ; SARK 1) &FEiFHh 5. BARK
13X IcHaBEIcHsBMETHY, E~OBE IR
GB yBYETHS. SARK IF B1-AR *° angiotensin
IZAREENEL, AR 2 YER{ET A5 ETGE
HE & D uncoupling 25| &#EC L, fl@%z 7o v 7 9
%.BARK (3, B-AR 7 T=2 bTHEEEN TV 3
EX7F) UEEEL, B B-arrestin EDFESE S,
e A EDSTERRL S 5.

TI=R +OREEEIcLD, 7T=Z b DIEREM
HWE T AHREREMEELIFFATHS. 7T =2 b
DA RIEHDIE T 2R354 % FERERUEIE (homolo-
gous desesitization), RMLEE%Z L7c7 =& PlTxfL
TOAHEFTRL, BEOT7 T=2 b OZEEEN&SIT
> GTP analogue % forskolin =Xt L T & RIGMH:D K
TERTIGE % RMEREIE (heterologous desensitiza-
tion) &PE3s. [RIFEREELEICIE, B L7ck 512 GRK
C& BT =2 MEEFHE ) vE LA, EEREEIE
PKA ©& 557 3= bEKEFHRY VBRILAEE LT
WHEEALONTWVS. BRURIEICRIEAMFICL - T,
O LN GEHEL ORIk ILEMS B Z 5 (un-
coupling), @145 T, ZEKSHMBEANEKD A h
% (sequestration/internalization), @ TZH
{Eo—EHHIEAN THES N, Ml T Ml T b2
BAREMNV T 5 down-regulation @ 3FEITHFHEE
5.

EELEB-7 FUF Y URARBERIEER

1) hn#n& B-AR
S EW B-AR 219 B EHUEIRETET 5. NE
T 2L ORIGEBE T T 548, ThidFE T B-AR
ELINFEBERIDIEREED D EEZ 5N 5. Tk,
IR 5 08 B-AR FHUEROLE % 5 v b TH
L7, sz & » T B-AR Hudmb LTuhrcas, 8
HRD Gs IFBALEL, RO Gi (FFAERE
LoEHCBE BN, PROBLLTEY, EE
AN IZBES L7 W, isopreterenol+Gpp (NH)p #
forskolin HliEic & 3 AC iEHER, FrEREHEL T,
T TR0 MR LT W, Lieh-T, hnhicpe
HLFHORIEHDETIZ, B-AR @ down-regulation
L& bic AC DORHREAIEHDETAREVWEE L /2.
ZDFRKEIHD =%, AC ® mRNA LNV TOZEE S
FANIHS, MR E & I VR L T W /chs, VIEY
BEADLTEY ZOhb AC IEHDOET EETLTV S
CERFELEY (Fig. 1). BEREITCOHELEORE T
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Fig. 1

2B ICRE W B-AR #, Gs ITI3ZALIZ T - 1228, Gi
a DYENNAS western blot TEH LN, TD Giad
BEE A DEMEER O FE L 3YTH B, AC IEMIE
TRTCORET, & L BIETLTED, &< I
AC DIEERAITEEDETA GianiEins & bick &
RBEEH-TOBEHE LTS,

2) LIEKE B-AR

OB R R B AR O ERE & L TLIERISS 543,
ZhROALZICBITT 3 EREATE 35, LIEXE,
Framingaham study T &/OALKILNDIIL KT T
brEMEINTVS. REMIZE LTORERLA,
2, FEDEL IR T o A TUASIREEIZE S g >
WTOXH =X L3ARHTH, ThETHITAIEEDS
& LTV,

2L OBIMTEFYE 7LV T, AC ORIEIEHIEN &
nTwa. zOFKNE LT, Giadt#iinE AC Dfhil
HAEHEOBE I HSEIEEhS. LhL, EFLTIE, %
NDFERMEPBRRIEPITE > T, AC BRBEED * 51 = X
LR 5. SIMEWOERD SOAR2OBITITE, ik
DLNLVTD B-AR ROREENBETWVWS Y. BHIkD
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Type VI

FNAMADO

Northern blot analysis of adenylyl cyclase. The adenylyl cyclase
probe (typesV and VI) each detected a principal message of~6.0
kb corresponding to adenylyl cyclase mRNA in fetal (F), neo-
natal (N), adult (A), mature adult (MA) and old (O) stages.
The level of typeV adenylyl cyclase mMRNA was greatest in the
mature adult (MA) and old (O) stages. In contrast, the level
of typeVl adenylyl cyclase mRNA paralleled the functional ac-
tivity of adenylyl cyclase changing with age.

Mar. 1998

HBIEIT, EMLAEEREN -
T, BFEE 7L TIiE B-AR
BEILTOVE WA, AC i
mREEShTVWS. RED
EFNVTH5 SHR (12W) T
1%, Gi2a, GiSaD&EHL NV
& mRNA BHNL TWwiza,
Gs I3 bl ah -7, F i,
AC FEHERPIBDET LTV,
FERFIIC B IMAEFEAE R & b L
TH3E, ThooELidEmE
WKRBRIEDTTICTED M-
(€=
D, BMESRETH R 2D, &
MEDHERDI-DHIARHTH -
. ZLOLIEREF LTI,
AC @ heterologous desensitiza-
tion A B1-AR @ down-
regulation & GiaD¥gnE &
ICHFHB L, isopreterenol HIJE{ I
LB LHBETUHEEM b5 V.
Dahl salt-sensitive 5 v b TIlZ,
AC EHDET & < icfbifEis s o
ETFRHoNhic. GialddEmnL
TWiehs, Gs & B-AR BELL TV /. TDE
FNTIE, B-AR HMOZALE 3B <, KA TOIHE
REWHITLT AC DBUBIEHEEE TV

Brbe/ o5 ) YBEICXBZEEREK  L20%
TEBIL, Rl B-AR ROZEERIT L. L
ReicE5L LT, B-AR ¥, AC EH:REER O
bEEE, DEPRTRED LTV, 1o, HEEARN
B ST OWEETS, B-AR @ down-regulation 753
BwoiT, AC IFHETMSA SN, COBHERIE Gs D
KR Gi oBhn, £713 AC DEEBAIEEDET
ICk->TEEEEZLNLY. LL, ADP V) K vk
& western blot I2& 5 Gs, GiaDEEZ{LIZDEL,
AC DOERATEH DK R AR &S LTV AR % £
fo. ¥7, AC mRNAV, VIENOET bR TE 1Y
(Fig. 2). TOLEZETD heterogous desensitization D
AR =X s, PKA iI&d AC ) VEELiIck B0 b
Lhsw. BHE, in vitro DEERTIZ, AC BEM TR
% THD PKA Ik ->TY) vELESZF, AC JEHEAS
ET9 5 EMEEHINTVS?.

CHERIZHES B-AR ZROBRBED x 1 = X & 14, B1-
AR BV E GiaDIEMTHD, Thid ACElI D
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Forskolin-Stimulated Adenylyl Cyclase Activity
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[ control monocrotaline

Fig. 2 Bar graphs show forskolin-stimulated
adenylyl cyclase activity (top) and typeV
and VI adenylyl cyclase mRNA levels (mid-
dle and bottom, respectively) in right ventri-
cleafter the administration of saline or
monocrotaline. Values represent
mean==SEM. Open bars, control rats : hatc-
hed bars, monocrotaline-treated rats. The
number in each group is included in each
column *p<0.01 vs the controls in each
group.

HETt®ET 5. COREEIX, BARK Doverexpression
EFMTEL BTV S, BBKFITD BARK bt
Nz, GRK &, HFEESMERED ) v/ EkThY
ZTWT, GRK2 (= BARK 1) EFof#n& L T
Wic. Lichi- T, ZomsmIMEREETD B-AR X
G E DDA £ 7124 — 4, PKA ®© GRKS5, 6%
{ftik@BDONEMA 2L, B-AR RimEREEL 5| Zi

CTEEEFEMEETS, GRK [EHED EF 3K - 12
e: L\ ,5 [Z)-

3) A2 E B-AR

EERERSICE B lcohhTiE NE 3RS 3.
ZD71%, B-AR ¥UIEHITHED L, isopreterenol #
B AC IEHMGET T 5. Chid B8-AR HAEDEFT NE
DIEE FRICE 5 B-AR @ down-regulation DWW T
5. LIERICES LRIV TREIETHGHR L TH
505, ERELLHEED B-AR HOET RLALORERE
CHBIL, 2OETRFICBIZTITHD, B20EL
3013\, 7272, B2-AR signaling b5E2ICHHA O
febF TRV, B2-AR FHEDICIENE TTH S & 5
7, cAMP {KfEMETRIEVWEWIHE LA LN S, L
R En 5@ I &> T B-AR signaling (&
B> ZEERT. B1-AR D FlF, mRNA OETF
& B1-AR @ down-regulation 2SEEZTWA. —4,
B2-AR ® mRNA DOETFIZ7<{, BARK D#EET D
EiEtEDBEINc & B ) VEE{LD 725D uncoupling HME
MEHEDORKNTH 5. SARK OHBEETERT 5 /¢
®», BARK OBF|HIH E B ARK inhibitor OB FIH
L 7z transgenic mice M{EHI X /. Bi&H T
isopreterenol HllEIC & 5 ZEZLHEREDIIHI & AC JE
DIEFHBA LN, BETIE isopreterenol IR <
L#EfE oM Eh, BARK 250 ¥ E O (& i
HNFELTEETHAIEEEHLTVWSY. INAT,
B2-AR HixDH# S, SARK & PKA 2 vEg{b&
NPFLBE->TWVW3S,. B-AR OREAETIE, 7T =2
r DIEEEH107° Mol Tix PKA 1tk 3 VEk{k, 10°°
Mol DEWVEE TIZ BARK & PKA O _FED Y Vg
ftBEEh TV 5.

LALETIE, Gs BEADOHETHEL TR
{, mRNA OZE bW, —4, Gia ZLALTIZ40
~90%3mL, AC OIRE(EICEFRT S EVD. E6iT,
Gi a DM IR S I EE OLIEK & & S ITHUER
B ET, AC 24 5. THiE B-AR D down-
regulation ML ThEL T B E WVWH. LchB-T,
Gia oA, LIRS LALNOHIL L 72 F#lA
FITHnHBENHIY, Gi OEBEEIND X H =X 4%
LTV, Gia® mRNA Lo, ik
sRELO RV, B IMAORRE & $1275~90% THh - 7o',
L7 L, western blot TD Gi & BH&E FILERCBHE
TN L TWiehs, B OIHETIRZE(L L TWEh -
. EBRBLUHE & BN LR B T oA K T,
ACmRNAVE! (3 B ) £ 5k 0 iiAEY & I35RE - T,
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85~115% ML TV ®. Licdi-> T, DALEKY
ToD

AC {EMDET I mRNA k360 TIEL, E+D
LAZTIE Gi OB KE LTV S EREHEA &
5. 1272, Thidb AR O RER S up-regulation
PdH LN, SEBHIEIh THE L.

h S DEFRIELDRER, FFEFIIER T
T A50EEEMATELR VL E VO RIEBEDE TS 5.
dobutamine X9 2LEHEDEK T A 5N 5. T 0D
DERIE ENFERICOE T (&, M4 NE JBE & RHH)
T5. —h, REMEDOAHIEST, BIZREMHETR DKL
SIETLTEYD, MEEFEEORIRIER RL.OBRE NI E
ABETRLTVWEENS.

4) L¥HEE B-AR

BREREYIC, LB OXIR L5 > LA 2L TR A 72
IV TALHORIEHSELLETLTEY, £
DE;D B-AR ¥, AC {EHE&50% 0D LTW5. i
BOLETREXE ST VIY, B-AR HD up-
regulation ¥ AC R DEZMH DTTHENSHETE SN 5 53,
ERRITIZIBEALIEFFAANTH 5. 77X GTP {&kiFEHE
D AC FHEOAMETFLTWEDT, CGEHOHEAERY
BFHEINEEWH. KRR, Bi6 #» AL L - 720
AR TIE, Gs 61%DIE T & Gs mRNA DETF &
GTP {&RFHD AC JEHT8R DK T B LU AC Dl
ERALIEH83% DIE T AR E N TV B Y,

5) B-7ayh—& B-AR

LB DRERT NE O, B-AR ZOBEIEE S C
L, EHREEDOREEIEL, —4, NE o¥nga# s L
fmlaE s 20, DHEEDE T 25| &k 3. ERc
3, B-7 oy h—EHIE Licilih D2 A =X b % EHT
TAHIEMNHFRENS. LAL, TTIRO\HER LN
BIKELTVWALALEETR, B-Toyvh -0k
BETEREFEEREST S & 3# LV, MESEREE
DREIIRETH > e L OHERALNE. LAL2DE
BOBREIc L - T, B-AR & GEHBEOXEH)IIR 505,
B1-ZFER#| 7o v 1 —T&dH 5 metprolol BLAZDIH
BICHH TR L, B1-AR @ down-regulation % 2{
# X+ 7z, bucindolol FEMM LA L O &8 F
LEEBETLVEN THE-1c& 0D . RPRTS
B-AR (D up-regulation &7 535 I ViIXT EK
IEHEDEIEASHREENTWS. £-8ERTI, 87
Oy Hh—ick->T GRK LR EFHDETOHE b
b0, (FAEF S LTWE b0 LEBbh 3.
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