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Rll, W&V EY (GH) HBIREICEEE X

BT TEPRESNTVEY, ZOAH =R LDV
TRECHONTOR L, BIREE(LICS VO TEEE
P EELSREAL R T ERBLLASNATVWS Y,
FTx FMEFEHMRICKES vE Y 2INZ, Thic
& W ZEAbd 2 E{xFBE % differential display#a B\ T
BifL7z, Z D8R, cytochrome oxidase subunit I
/I prystanoyl Co-A oxidase’s £ O mRNAMGH
#HiIck ML, ADAMST-1 (a disintegrin and
metalloprotease with thrombospondin type 1 repeat)

BEDOMRNAMRHD L TWBE I EMBIEENI, 3

M3V RY TEETORE, HEEREL W0
mitochondrial transcription factor 1 (mtTF1) &
WHEEBRFTH Y, cytochrome oxidase subunit

I/MOmRNASEMT 22 &5, FaxZGHME
Bmt TFIOBLEF LNV EGIEIL TV DTV
mEEZ, TEPCRAEFVWZORBEELWEL 12 &
Z A, GH¥ES I L O mtTF1OmRNA D HERKEH:
WL, JAKSRHZEAITH 5 AGL90RE Ik a v
FO— WL XVETHHISNA T EBEO A ER - 12,
ol tiy, MELBHICBVWTEHERVE VI,
JAK2Y 7'+ ) v 7 %N L Tmt TFIEZ{LE #,
3R TRIEFOKRE, BEAGIEL TV 55
HRE NI,

~
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il

T, GHOERELOER BV TEEL&E %
B LTwaZlemgEINTVL S, ERENEDE

BRERE/LD ) 2 7 BSELY, &2 b LA F O
Bic X ) GHRIGF-I0ESIEET 3 &, 20 %
IBETT 3, UL, GHBEED X > icEIRELIC
BB LTCVW30rRKREHS TRV, BIRELD
ERBEBOTMELEHIEE LRI LE-> TV 3,
ME R ARME ORI ELEST 305, Bk
LTl A fl#E 2 T2 OEA DR » 5 &
AN E b, NEEEL, 2 THEEL, A
By vy BaRRWT 5P, T TCIKGHMINE LB/
DEFEAFI L T hd LBV EWSHRENH B2,
GHAMEFEHICED & S I/EHT 3 hic >0 Tk
HahTwin® 2 2 2 TH~L ddifferential disp-
laydk 2 FWT, MEFEBEHICE WV TGHDS E DB
FTORBEEZFFEL TOZ00EH~N, S5 To—
NEHWIERPCREICT, 20E(LETER L1,
D - ~

Hfa s &

MEEE I 3 BEottDSprague-Dawley 7
b DRTERRENR D &, BRI THBEL 72, BE100
mmdaI5—4rva—-—rLkFsvaEFEHL
Dulbecco's modified Eagle's medium (DMEM) i
10%DA4-ME, 100mg/LR=>Y »-G, 15.5mg/L#
F A VY ERMLEBRE T, JOME-rEHE
fa%37C, 5% CO. &M TFTE&ELL, NV T YV /E
DTAZER L TL 5O R THRILEZIT-> o E
B3R T-9REBomia% @R L7, 5 v FL6M
fa (GHZAEPEE LS VERH ORmIFEMR) &,
5 v b OHA-11-Efife (GHEZBEBGH: 0 FEEI)
b E RIMENEHE L FRROEEBR THEL 1.
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RNAf#H & differential displayit

0% v 7 Ly MREEIC TRBERZ0.1%0 v v INE
TNT v (BSA) 2&ARMEERMNODMEMIC
R 1o, 6 B, WEFTIdrhGH% 100ng/mlD
RBE LA L SBEBRICNA, a2 v bo—-LVETH
0.1%BSA% & A /Zphosphate buffered saline (PBS)
ZEEMA 7o, JAK2OBEEKRETT 52 EETE, J
AK2D A4 v €7 —~Tdh %5 AG490 (10nM, Wako
Pure Chemical Industries) %GHIE304 B IC L
RiCINZ 72o GHELS: 6 Bfdltk b — 7 WVRNA%, Y
' = (GIBCO BRL) #bbULTZNENOBLD
M L7ce DNADI VY 32—V a VEECKD,
DNase I (Sigma) ¢ THEE AT - 7o ¢cDNAIZ250
ng® b — % WRNA X Y 50mM Tris-HCZ (PH8.3),
75mM KCZ , 3mM MgC/{,, 16u/ £ IM-MLV reverse
transcriptase (GIBCO BRL), 2U/ ¢ 1 RNase
inhibitor (Promega), 10mM DTT, 20 uM dNTPs,
2uM anchor primers (14mer T12M (A, T, G, C)
M=ATGCOEEY) ZHHL TEKRL I, 1Bkl 2
cDNA ZPeng Liang 5 OFRE L 1o HFED IR D &,
differential display@®Ei{EH L7z, L 5
¥ Darbitrary primers (AP1~5 10mer) & 4 F& D
anchor primer, Taqg DNA polymerase (Promega),
400nM dNTPs mix % L T10nM [®*PJdCTP % H W
THEERIGIC TIER S N7ccDNA%2 7 v 7L — + &
LT&A DI V-7 THIT0EEDOPCREIT- 1o P
CR&MF1E, 94C 34y, 40C 543 72C 5% 144 7 v
T8k, 94C 307>, 40C 247y, 72C 30 ¥ % 35[alig
DIEL, BRICTC b EVIRBETITo, 2 v b
O — VE ErhGHER S B O cDNAEY I3, 6%+* ) 77
VL7 3 RERFES NV ET2000V TAERIKEI L 7o &
WAL i, Kodak X-OMAT ARZ7 A w4 b
TO2HBBE Lz, 3 v b o—VEE rhGHESER
TEZNENIEML 2cDNAN Y F, ROBEAD L 72cDN
ANy EZfitiL, BERICEYy O 754 < —%(ff
B LTPCR%ETT» 7o PCREZMFIZ, 94C 307, 40C
24y, T2C 30 %38EE DR LIcDB, T2C% 55D
&M TiT - 1o PCBEMIA2%7T Ao — X7 v ETHk
L, tFYvLTo<A FTHREBELL, I5ICF0D
¢cDNAD N v FzfhH L, QAEX D gel
extraction system (QIAGEN) %2fH L THii L, pT7
Blue X7 # —(Novagen) Z#l & A A 2%, PRISM
model 310 genetic analyzer (Applied Biosystems)
ZEH LT %2 OERRF A RE L,

mtTF1 RT-PCR
DNAMREMNIEATT - -RNAM 5, differential dis
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playBic Wk HEIC T DNAZREB L L, 0
¢cDNAZmMTFLIC T 3754 <—, T4bD5
(5'-CCAAAGAAACCTATGAGTTC-3 bt
5-CGTAAATGTTATATGCTGACCGAGG-3), 10mM
Tris-HCZ (PH 8.3), 50mM KCZ, 1.omM MgCZ.,
204 M dNTPs% & U E ik $ TTagDNA polymerase
ZER LT, 94C 458, 54C 45%, 72C 14 30+
1 27 VOPCRICTHEIBL 7o, PCRE#IZ 2%7 /o —
2NV ETHKBILzF VY LT 0w FTHREBL 2,

FEEPCR
mt TF1 mRNADEMZERETTS 2%, ABI Prism

7700 Sequence Detector (Applied Biosystems)%
FHLTCEERPCR%T- %, Tagman7u—7, £
RF5A4R—, TVFEVRATITAT—RFRDLIIZ
Et Lt
Tagmgn7' 2 — 7 : 5-FAM-TGCATTTCTGTTGACCTTT

TGAGCC-TAMURA-3
/2754 <%— 1 5-CATGGACTTCTGCCCACTGA-3'
TvFvRT 54 <2—5-AAACGGCAGAACTCGTCAT
GAT-3

cDNADIERKIZ D W TIRAIEDEY TH B, e b3
Vi 1ZPCR master mix (Applied Biosystems)
ZHWT, ThZThoERICO>WTPCRE T/, P
CR&M1E, 50C 253 £95C 1093 % 1 94 7 WiT- 1k
%, 95C 16%, 60C 19D % 4 7 L %400 R L
too TNHDRIEEI RDT LV —k ET3EEDIR
L7, PCREEMIDS—EDMEICEIES 3 & ZD[ELT
HBERAVy ValFHA 0% ZHRZHDOmRNA
DEEERMT A InICEHEL,

DIRyry7oy RN

H7av7 Ly MREOHAERAE, 1,10, 100ng/
mlDBEOrhGHTI0RERIE L 72 ®EfE L, STAT
SBIUEZER L aEhMEsd/c, TNEPAGETRE
B L 7%, # v 7L v (Hybond-P, Amersham
LIFE SCIENCE) c#{r&+#, STAT 5BiL{K (Santa
Cruz Biotechnology) ® & U, #ER{LSTATSHHIK
(Cell Signaling technology) T7 @ v 54 v 7 %47~
7o

7 — 5 537

R, FEEESDTEL 7, ANOVATREITE,
% B M8 13 # # Fisher D PLSD post hoc testing
(o7, PEC.OSLITF THETFMER LA L,
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differential displayit
HEDOMRNAEMY 2 v 5~ + & b GH (rhGH) (Eli
Lilly) ick > Tl 7o T DEERFIZRELLEC
%, B0 L 7zmRNA idmitochondrial cytochrome oxidase
subunit I /II & prystanoyl-CoA oxidaseTd % I &
WYL 7o —F, rhGHIZ& » TRESED L zm
RNAD—>I3, ADAMST-1T& % T &H3¥BRL /2o

& FB i B 3 rhGH I £ 3 mitochondrial

transcripion factor 1 (mtTF1) mRNA L N DZEAE
RT-PCRic & b, MEFHEHHELICHB W TrhGHAS

mtTFIOmRNAZBEME 5 2 L NEREE I N,

(Fig 1A) & 54, EMPCRTHE, 2 v b o— AR,

P
A B C

3

rhGH Ing/ml, 10ng/ml, rhGH 100ng/miR5EDOZ L v
Ya ¥ A 7 vidE 431.28010.136, 30.7671£0.242,
30.675%0.394, 29.00110.422 (n=3 & £SD) TH v,
rhGHAmtTFIOmRNA % FABKEH I3 C &
DR L oo 100ng/mlOrhGHIZ & H mtTF1 mtTF1 m
RNAV~NV3EEICHEMDL TWi, (FiglB)

MEFEFIcEB T BIGF- 1124 2mtTF1OmRNA v
~NIDEAL

EBPCRTIE, 2 v b o—#E100ng/mlDIGE-
IHBREBOR Ly Y a W FH A4 7 VIiFE~31.222+
0.068 & 30.647£0.073 (n=3; EEfE £SD) THh,
100ng/mlDIGF- I i3 IME FHEEHICB O TmtTF1 m
RNAD L RNV EZTL DI HPIEMEELDAT, &£
R EERZRED S h - 7o (Figo

FiglA 2% 7#H e -4V ETOmMmtTF1l m
RNADRT-PCREY ® BEKkE, mtTF1
mRNA®D L XV id100ng/mlDrhGHALE Iz
TEHICHEML 2o ADNADFHA X< —
H— Bz v ko - (PBS+0.1% BSA)

Amplification - smc GH inhibitor mttfa 7702 L

3500 GF 0‘01g mi 1 C:100ng/ml rhGH 3433GEIcHY T 34 4

3000 Pt ZOFFHERATRLTH 5, B mtTFI

2500 HOne it % mRNA®F&PCR mtTF1OmRNA®D L ~

2000 ' 1 GH et Wi RBIREE ML 7,
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3: Fig.2. MEFBHMAIEICE WV T100ng/mlD
] IGF- 1 iZmRNAD L N v A NS €15 h -
100 g 2o
10%-1
il—rirrlfﬁlﬁrﬂ—fﬁ—rriillli|r||;rllT|l’f
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Amplification - 16 h4 mttfa 2001 /8724 ok

Fig. 3.A,B. FEPCR T3 L6#fZ(A) ® H4-
11-EffaB)ic 8\ CrhGH iz mtTF1 mRN
ADVARNETLES D - T,
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Cycle

7 v hL6K OH4-11-E #1443 rhGHIZ £ 3
mtTF1 mRNA L~ DZEAE

rhGHOmtTF1 mRNA O FI sz E A th o fHfia
KBV THRONABIRTH L2000 MICT 10,
CHEZA R 2R DHA-11-EMlE L GHEZAFR A n
Leffaic 8 VT, FEHFICmtTFl mRNA LV NV DZE
fbxF I, EREPCR%2{T-7/& 25, L6MAICE
WT, avbo—=uE, 100ng/mldrhGH, 100ng/
mIOIGF- T HRESHO ALy Y a VW NH AL 7 VIEKA
24.746+0.163, 25.6660.251, 25.446+0.217 (n=3;
EHE £SD) T, H4-11-BHfEaTR, #hoofEik
ZhZNn24.546+0.063, 24.572£0.055, 24.9191-0.080
(n=3; EHME LSD)THY, hsofifdicsunT
100ng/mldrhGH IGF-1& & mtTFImRNA L <L %
SO Embh -1z (Fig 3

vIXg 7oy EF

rhGH (1, 10, 100ng/ml) @ 105Dl £ v,
H4-11-EfMfE T 3 STATS S H B R EM I B L 72
(Fig 4)o

MEFEGMIECE I 2TJAKHERAGL90I1z £ 3
mtTF1 mRNA L N DZAE

(58)

a2 v oe—-i#, rhGH Ing/ml, thGH 10ng/ml,
rhGH 100ng/mL, 10nM AG490R[LE % 100ng/
ml-GHESHEHOZ Ly v 3 V¥ 1 7 Vid& 4 31.280
+0.136, 30.76710.242, 30.67510.394, 29.001%0.422,
31.632==0.953 (n=3 ¥4 £SD) THH, 10nMD
REDAGA0IC £ 2HILE I T, rhGHEEG % OmtT
Fl mRNADVv~AVv3@R T2y bo—b i~ Tl
%ot (Fig 5)%

£ ¥

S5 EOWIE T, F 4 1 rhGH 25 mitochondrial
cytochrome oxidase subunit I /IIOmRNA%H#/0
S B LRV L7, mitochondtial cytochrome
oxidaseld13D % 72 = o F ORI N TV S, T,
O Moy7a=y bdIbavFY70r /) sica—
FEIRTWVED, TOBLOHT2=y b IKEOS / 4
Ka—-FshTwa, I, 0, Ioy72=y O
2, MoHF /Lt a—FENTWV3S mitochondrial
transcription factor 1 (mtTF1, # 72 ldmtTFA %
Tfam&BENTVES) KXEahTW5b, TD®H,
Fx k2 OmtTF1Z O & O OFEB|AThGHIC & - THI
HENTVWELEIpEFANLETS, EF¥EPCRIC



Amplification - sme GH inhibitor mttfa 7702

Fig.4.A,B. rhGH#:5.ic & 5 H4-11-Efifiaic
B BSTATSOBER(L, AHA-11-Efifac
Davbo—=Hsb0iErhGH 1ng/ml,
10ng/ml, 100ng/ml¥ 5104 % O STAT5B
OFE B. H4-11-Efifacoay ro—-
% % WV iirhGH 1ng/ml, 10ng/ml, 100ng/
ml% 51053% O IR {LSTATHE

Fig.h MEFEJ/HMZIC BT 3 AG490 D
mRNAB I RIFT 4R, 10nM AG490D i

MEIZ L D, 100ng/ml rhGHIZ & 2mtTF1

mRNA® EF H S iz,

3.500
3.000
2.500 44 3
Unl
2.000
& 0
% 1.50
1.000
0.500
0.000
-0.500 T
13 17 1920 22 2425 27 2930 32 3435 37 3940
Cycle

£ 0, rhGHAmMtTFIOmRNA L NV A2 REKRTEMHE
HEMEETVE 2 EHIAL 2, MEXEEHR
CHZAEWK A ->TB v, GH 3 IGF-I0 &K% TUik
&4, 2L T, ZDIGF-INA— 7 54 YHHERL

-

59)

THROWEA{EHET A2 EBmoNnTWEY, L
LEMS, 5E0OERTIRIGF-IIEmtTFIOmRNA
LRNWEEESER L, 2D EELD, mtTFL
mRNAZ, GHick > THEqMT 2600, GHIZL -
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TEEINZ IGFIENTAERATREBVWI ENE
ZAbNb, &6, JAK2M v E S —Tdh 5AG490
i3, rthGHIZ & » THIZ# 2 5 1 3mtTF1 mRNA®D
HFEEREZFZEa v bo—vLr v, —
#, EFEPCRTRrhGHIIGHZBEE X272 L6kH
fETmtTFIOmMRNAZE LSBT THHD
AAEE, MEEBHICEVT, GHEGHEZARK-janus
kinase (JAK2) &% M L TmtTF1IOMRNAD L X
NEEINXEE I EERET S, UL, RLCLKGH
SO HA-11-EME T3 GHIEmtTF1 mRNA
DL NNVEESEE P12, GHDO v 7 F VisE
l$FEICJAK2- signal transducers and activators of

transcription (STAT 5B) %%/t L TiTbh 3,
COGHY 7 F Vs eERET Lic s A, H4-11-Eff
fRIC BV T HSTAT SBOSERIERILI N TVE T
EEMR L o, MEFEHEHLIL-EMdic B 3
GHfER ©&\WVid, GHZBEHDOE VWS, GHICL 3
MDY 7 F VGERDOBVITEE 5D LTIV
D, FHREAI=XbFE->FD LKW,

mtTFIE s ba v F ) 7TORBEGEFRELZHEL T
WA TIREL, I bav ) TOEMBKRELT
WP, SRIOEROER»LEZ B L, GHIE I b
IVRY T OBEEPHRICOEELBLII LTV A
WD 5, TRHOLERERNEREICEV TEIRE/L
DFIERMSB VO IF, GHAME LB O REhE % RIE
LTWahohd iy, &5 KGHIME RS
MDA 57, LEHMEO I by P TIcEEE
FFELTVahbLnKL, EWSDIREEGHE 5
VAV 2=y 7RI RICBVT, LFOI ARy
TOIYRFBEALTVBEEVWIHEINLENST
% 5(9)0

—F4, GHRIERBRICFE LVWEELS 2 504
bbb, ILEEAGHE L EMEREEDBEICB L
T, GHO#HGIC X b, LHEEECERERSZFHICH
FBLLEVOHEND 29, GHELKEELRES®
B4 H =X LRBREPS LTV, EENSIRET
BEMWIMRIED 3 b 2 v R ) 7B ) L &R
NAEERIGIC LD, ATPEZEOHLTEEAED
TRNF-ZEAL, MHIEEZR--TVWEILENS
EZZ2BHE, BEFLVE VITLDFEEIN/-mtTFLYS,
P Y FY TIAMERBLATPEAZED, LHERED
RECEELTVWEDhE LAY,

FTridE, MEFBHCBHYTGHIC XD
prystanoyl Co-A oxidase ®mRNA L~ & B0
BT EERWIZ LI, LATOWE T, HFMlgicsnT
24707 L4 2HVTEHE®VE /HCo-A oxidase
R EBREENTVEY, GHIZ I b2

>
N
~

(60)

YR TREEEEZ B Eicky, BERBICES
LTwahrb s, —F, RERGORZEICE
5 7 5 E T M 5 h T W 3
ADAMST-10mRNARKE R VE VIt kO RADT 3
EBbhrot, UL, BESNVE VISADAMST-
1DFRBEZME T 5 ABEFHLCERICOVTRASH,
T,

e L, MEFEHHRICENT, KE®IVE
vi3mtTF1 mRNAEA FREE, Z0ERELT,
mitochondrial cytochrome oxidase subunit II /1T
mRNAEZEENEE 5, LHL, GHOEHD x 4 =
X L%EESICHASHICL, OHREBRIEET 2HEV
HTEIZDVWTE, X571 A2EMAN, BRVIES L
BETHH,

-

o

# O

BBV THEATERICRKEBHEEICLD
F L1z, MEFEICOVTIR BILFIESLLE & &
ZERSEAE (MR REREREFRZRMERD o1 L
Tl & F L, I OMEO—EIIEMFERF
MRERMBERY, BKEMEHSE ERMED -0
BiickvirircemncEs L,
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Changes in Gene Expression by Growth Hormone in Vascular Smooth
Muscle Cells(VSMC)-An Analysis with Differential Display Method

SHIRO YOSHIOKA, KAZUO CHIHARA

Division of Endocrinology/Metabolism, Neurology, and Hematology/ Oncology,
Department of Clinical Molecular Medicine, Kobe University Graduate School of Medicine

All Correspondence to: Dr. Yasuhiko Okimura E-mail address:okimura@ams.kobe-u.ac.jp

Abstract

It 1s well known that growth hormone (GH) is involved in the development of
arteriosclerosis in which vascular smooth muscle cells (VSMC) play an important role. But
the mechanism in which GH regulates the development of arteriosclerosis is not clear. In this
study, we attempted to specify the genes up- or down-regulated by recombinant human
GH(@rhGH) in VSMC using a differential display method. We found that rhGH increased
cytochrome oxidase subunit I /I mRNA in VSMC. Furthermore, the mRNA for
mitochondrial transcription factor 1 (mtTF1), which regulates mitochondrial transcription
and replication, was up-regulated by rhGH in a dose dependent manner using a quantitative
PCR method. Pretreatment with a JAK2 inhibitor, AG490 (10nM) suppressed rhGH-induced
rise in mtTF1 mRNA levels to the control levels. These findings suggest that GH
up-regulates mtTF1 mRNA levels through JAK?2 signaling in VSMC to increase cytochrome

oxidase subunit 1 /II.

(62)



