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NDCHREE S35, 22T, ZHEADHLAE
MREFEINTVENED NERFNT S22, Ad
Ny —BARBRDOIPSHildZHAWTTI A=<
REBR%E{T> /] [Fig. 4(B)]. ZO#RE, BETHE
AZ - iPSHIfEIZ D & @ iPS MifE & B4 12 AR
E - PIE - AREVWTHIZHMERRETH B Z &
MBASMNERD, Ad X7 ¥ —Ii3 ES M= iPS
JADMEREZ T 2 Z &72<, PRI ERTEA
MCTELNIY—THDHIENHEM LRS-,

5. BLFEAICLS ES MO LHIE
Ri#E{t Iz Ad X7 ¥ —%FHWT ES flfgic i
HECTZEAL, EBRICESHMEOMLZHET
ZFENEINDIDVWTHRE L. ¥ X ES fligid
74— —HMifaER DY 1 hH > LIF (leukemia
inhibitory factor) MZ DFRMEMFFICHETDH S
ZENHMENTWS, LIF RZEFICHEE, T
D STAT3 (signal transducer and activator of tran-
scription3) 2N LTI 7 FI 2 RiET 5. FI T,
EF-la 7O0E—4%—%8 L/ ERE Ad Xy ¥ —%
FAVZT STAT3 @ dominant-negative 22 2(A& (STAT3F)
@D cDNA 27 Z ESHilgiCEAT S Z &ickD,
LIF O R 7 FINEEESIRZ LI A, LIFEE
TTH ESHII=FET R TOMBITHMET S Z
EMBASME/Ro 2 [Fig. 5(A)]. ESHilaOx%
{LHEFFIZIZ LIF LIAMZ B Nanog 73 £ DEEERFHN
DATHBIENHASMERS>TNS, 2T, %
WwDOXY % —% BT STAT3F & Nanog % RIFFIC
RIMIBET A, STATFIZ K Bifants
F )V A Nanog #HIC KX DHE SN, ES ffgidks
{LARBE 2 #EFF LgtlT 7= [Fig. 5(B)]. L7=a> T,
AdRTZ—Z2HNWAZETESHifaDmMbZEBH
IZH#E T & S RIREMEN/ R I N,

6. ES#faR 1 iPS MIROSHRNLFE

Ad RNV & —z2 AW BEFEAREMNINSMLFE
RIGHATESNEIDERFNT B0, IUX
ES Mifa & N iPS fifa~KEEB I FEEATH T &
ZH A, ES MR UNIPS fHEAM 5 O HMELET IV
& U TR~ DO MtFEEITO L &b, f5hk
M LT A ADE R T TH S PPARy (peroxi-
some proliferator-activated receptor gamma) &{x
FO% ES MR iPSHIfENEATEZ ik
D, BHHENOSEHEN ERTINES NER
Al mfifE~ LacZ BzF (3> bo—)b) X

Ad-EF-LacZ Ad-EF-STAT3F

STAT3F + LacZ STAT3F + Nanog

Fig. 5. Introduction of Functional Genes into Mouse ES
Cells by Ad Vectors Containing EF-1a Promoter

Mouse ES cells (1X 10 cells) were seeded, and on the following day, the
cells were transduced with 3000 VP/cell of Ad-EF-LacZ or Ad-EF-STAT3F
for 1.5 h (A). Mouse ES cells were also co-infected with 3000 VP/cell of Ad-
EF-STAT3F and 3000 VP/cell of Ad-EF-lacZ or Ad-EF-Nanog for 1.5h
(B). On day 3, each cell was infected again by the same vectors. On day 5,
alkaline phosphatase staining was performed. Alkaline phosphatase-positive
cells indicate undifferentiated ES cells. Similar results were obtained in three
independent experiments.

{3 PPARy Bz T2E AL, FEIFMEMEAOW®KE
HF (A2, FFIRAYIUEBE) &P
AT 15 HMEEEE L. T1)VLy RO RE
KX DB\ D LRI 25 L 2 /& FE, iPS
Hia o fE MR RE A~ D b #h 23 ES Mg o kzh =
EDBENDBOD, BERFEIEAIRTEERTS
ZEicknmMiia L bIERESEE N [Fig. 6
(A)]. &5iz, BMERTOHZERWMLHERE
CHEL, MERFEMAISIC AR Y —ITX
% PPARy Bz F%#E A L /= ES Mg &% O iPS #ifz
3, D THRLEHMEAMEL TS ZED
RSN, TabB, HEROLETIIES fifgics
WTHI S0% D#ERaAS, iPS MR BT 20-30% D
fEsThTNT AN Ly RO TRBINEZDIZ
XL, PPARy Bz T%#% AL /= ES fifg X iPS
AL IC B W TIZ 80-90% DM A AL v KO
CHREINEZ, £, AdRXZIY—ZHAWVE
PPARy Bz FEAIZ X 2RI~ DLEIED
ERIZ, BMREERNEY - —BEFORE L
RiITXoTHHEREIN=. 2P, LacZ iz T4rE
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Fig. 6. Efficient Adipocytic or Osteoblastic Differentiation from Mouse ES Cells and iPS Cells by the Transduction of the PPARY or

Runx2 Gene

(A) ES-EBs or iPS-EBs were transduced in triplicate with 10000 VP/cell of Ad-CA-LacZ or Ad-CA-PPARy. After plating onto a gelatin-coated dish on day 7,
ES-EBs and iPS-EBs were cultured for 15 days in the presence or absence of adipogenic supplements (AS). After cultivation, lipid accumulation was detected by oil
red O staining. a, non-treated ES-EBs; b, ES-EBs with AS; ¢, ES-EBs with AS plus Ad-CA-LacZ; d, ES-EBs with AS plus Ad-CA-PPARYy; e, non-treated iPS-EBs;
f, iPS-EBs with AS; g, iPS-EBs with AS plus Ad-CA-LacZ; h, iPS-EBs with AS plus Ad-CA-PPARy. The scale bar indicates 60 um. (B) ES-EBs or iPS-EBs were
transduced in triplicate with 10000 VP/cell of Ad-CA-LacZ or Ad-CA-Runx2. After culturing for 15 days with or without osteogenic supplements (OS), matrix
mineralization in the cells was detected by von Kossa staining. a, non-treated ES-EBs; b, ES-EBs with OS; ¢, ES-EBs with OS plus Ad-CA-LacZ; d, ES-EBs with OS
plus Ad-CA-Runx2; ¢, non-treated iPS-EBs; f, iPS-EBs with OS; g, iPS-EBs with OS plus Ad-CA-LacZ; h, iPS-EBs with OS plus Ad-CA-Runx2. The scale bar indi-

cates 60 um.

ALZEHBETIR IO D MDD EFHIZA LD
BNIBMoT. INHLOR/ENS, YU R ES M
KPS fifa o e fRE ~ D M EZ 213 Ad X2
5 —ZMWiz PPARy Bz FOEARIVHETE
BHIEMNREINTE.

RiZ, AdR7F —Z K2 BETFEABZOMD
HMREANOMEFERICOERTHENE I ER
M50, ¥UX ESHMEKRUIPS filah s BHF
MEANOMEFEZR AT, SEOMEBERICH
WTIRETIR L 72 Runx2 Bz F%2 AdXRTV & —1i2 &
DRE XV, Ad-CA-Runx2 % EB (embryoid
body) N3 EMEAI®, BFMESMLAOKRER
F BTk B, TRIONECERE) FT
BEEEL, YU X ESHMlaKkCiPS fifah koM
fASNERIEEET DBEFMBAMEL TVRENES
7% von Kossa eBIC K DEIT L=, F DR,
BERTEZEAIRES I DARLBEEN
EbOD, TOHMEBIERIZEL, 20% A FOMIEL

NAEREZREZ L TWiho /- [Fig. 6(B)]. —4,
Runx2 = F%& A L /- ES #If K O iPS #ifaiT,
BERTFOATHEL ZMEKR U LacZ # iz T %%
AU7-#ifa & g U, AR U 7= M ASE B 12 88
LTWBZEHEMNERST [Fig. 6(B)]. /-,
ELZARILEERBLLZEZ S, LacZ EiEF
BABCBWTRERERFOAOFEELEEEIZH
EHoNEMhodD0, Runx? i#fs 1% AHE
BTN 8, ARENERLTWE Zhs
DFERM S, AdXT ¥ —IZL % Runx2 #izFDE
AKX ES flifa Rk T iPS fifah & & FHife
NI HMEEER[EETH B Z MRS &
DEOZREILLIZ AdXRXZY—ZHWETT Z
ES Mg R T iPS Ml ~\ D /LB B T DE AL
X0, FEWRIRE R OVE M~ O oL 2h 2R 2 REER)
CHETED ZEMNRIN, ABEETEAFEMIY
7 A ES fifa K T iPS #ifd & A Wiz e
FHRThDEEZONT.
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7. &HYIC

INETRHBL MOUANARI Y- EDEE
KB FRERZAWTES A S5 EHOMAT~
DML BFEIfTONTE~. Larlanns, Zhb
OFETIIBEERZFUREEKICHEAINS 2D
FRICELTS5Y, —BEORETEARDOHL
FENLEITNh TV, §EH, bhbhid Ad XY
& —ERAWnE< TR ES MR iPS M~ DES)
BBRETEAEEZEIL, SO FOREFEAR
MEMAL THMEEERETE <Y X ESHRRYS
iPSHIFINEAT B Z LItk D EFEOMBAIER L
HMEFETHIEITHRIN L. ad, BRSPS
HRERIZDOWTHSHEEFABEOERNESN TS
D, 1875 BS M Kk O iPS MIM#RICE A AIBE T
HBHZEBRFBINTWVWS, £/, SHEHIZRLTY
RNAS, SMEMTET LMl TIE Ad X7 5 —Hisk
DEETFRBRIIFEAESAED LNV EBRER
LTWnw3 18 LT, AdNI ¥ —iig#fifaz
AW LSS EICBNT, DEEMETTRIE
2HARXBNTHLHECFHATHELEZ NS, B
T, EESOTN—TTZAdXRI Y —ZFWikE
EF &AW Z OMOMIENDMLFHER NG
FAREEM ES ML T, Y AKRUE bD ES#
Ak iPSHIBEAWTRNTTHS. —BUER
BHERT Ad R ¥ — AWK RIGT 8 AR,
BHREME - BEEFEMECBWTEERY —)LIC
RHEHODEEZLN, SEBOETEITORANEE
ahs.
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b b OB ORI L VbEEORIRTIC
BWT, EETERMELB L THRELHFOBEZE LS
BLEIOMBLED) B HRECZLVHDIIH LT
BAEERCHBEEOERILZLZLENE T > TWwa,
INOOEBRIIHAVAZZEZHME LTI (-
EHAL - B3EE 0BEELEE) S WM.
AT 3n-Hke - dgre8miE (M-8
B THS ] GHRE - MR TEES 2 LA - ik
MLEFERLE) &SN, OB TITHRIC S HBE
RBEVPBERAINTWS, 7277 Ll - ki T8
3, Mg WO B THELR S St L RIS, B
DRI, R EOBHEISHESHTH Y., T2,
ZOBRKRSACELTRON-REREMBLUIEEL
iz, BHERRILCE OV BB R R % DR
DHYFRRABOEEN L EDAFREL Lo TW5,
HEHEATYSE EEDRAFKKIZBVWTDH, T ITH
fa - MM ITRAOERLEZRET Z2-DDORITE
DRL 2D SBRHOHAMADEMEED TV B,

2—)RYN—ZRFTO-F

MR - MBI TEMIME L OSHENE VD,
FRATIZHB AR O TS - NEEZED A0, Th
ZThOBRBOUEICER. »2FDRE - &tk - A
HICEET DV AT DM ER—RII L, TOREDE
AVEREZMICEMT 27 Tu—F HESRERLNTW
Y0, ThE [VRIR=ZR7Ta—F] LR, H
AT, MR- BTG EERR - BEBRL L
THRETAZ LML LTEERCE - TEHRER
5 [{RER] L. #IRE - MR TR 2 Hw G EEDR
BEEWE LTERE - BEifiEod & Tirbhs [
REFZE] L) B2 BRI ORMABFET 5. —H.
BRETIZVAZR—ZA7 Fa—FORANIETX, i
BB IERH B RIHICH D 53, KRB IZF— DB

28

R - A e R DRI CEI T DRURDEH)

— BRIRGAICE I DRHZBDSHRDLER

EUEERESREERRT
BEFRRESS S0 28

wi e R o B

Vb b, REFRFICLZ2FEEEND [
RAFFE ] ([2BvT b B0 KRR I CIZICHD
GCPNDERHPEREINS HTHEAL Y bR L WHIE
o TWh, 7272, BARLEBELABAICZ, XV
DORRERE - BEEIHRTE L2 L, BRABD 2
A MMEWZ & BRABROAK Ay T =212k B
RABRIBEHB L2 VS b - CROZEDTE
BEOEIFFEEL TS EDITH, BEIUBIHREL
PORRELEREEAL, RAOBMICH- -8
ISR L 2o TWA I L E A R EDRD 5,

—KE DR F

KETIEE PR - HigzFE L7 BaidEETE
I L 4 CTHCT/P (human cell, tissue, or cellular/
tissue-based product) &##HEINB, FTHMAIC—
EUEDMIZE L2 DR RIZFHEEL LIE, A%
WES—ECAEBIFICI Y AEGREERF (FDA) @
RFEADBHFLEL Sh, 3B5IHCT/PEMEN S (F1),
1) 351HCT/PDRX %

351HCT/Pid & 0 E 2 E AR5 #ifa - Mk &
1LZR - REFNIIRBOREBCESEEFICE
AW B MRS - A OWEN ISR 0EE
WWIXERRSRE LTORMEZ T 5, Thi EEH
BROBRE S5 ZhITi2SElEmRE, 5
B EERE L L TREAREZIT TV 5,
2) FHEkMHIBE

I D3SIHCT/PO ERIR AR 35 0@ E I K%
ZEICEZIEBERNDO DL DOTH A FDAZEER
HERO BHFERNCIEARN 2R L BT 130, £
DR R R B\ THKF E % &1 T3B51HCT/PD
AEEXERL TV,

AEWMBFOBRRE LFDAL OMHKIIKEL Y4 T
A, B. CO3EIZHITbNhE, ¥4 TARRBEDHEE
RRBRTWE T 2 RERFOMK. ¥4 FBIIRE
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DRRBERICIC L TRESNSMHK. ¥4 7Clizh
PO TH Do ¥4 7BiZidPre-IND. HEIHEKT
B 2R TR RFCH BRI DAERE DS 5, PreIND
MHEKIZFELARXZ DO T, INDOAE L HIL LG
#ZFDAICIRE,. INDRBFICBIFEZHRA ~ b, EH
HiE, MESZHKTELHETH S, FIHEKRTE
MO KI T — 7 2R L TRORERT v
TOEBEIZOWTOME - BEDODICERI NS
AR DTH B, 72 VPARURR, BRESZD
REMRE. 2V LFELEMEBRO ST ba—
WOWTREBRBEBANICHETEZHEL LTINS
O b a— ViRl (special protocol assessment; SPA)
&5, SPATRHBEZE L YR EOHMTEEICES
FEEEFHE SN XEMEE S NS, SPATH
EEXh7-70 b a—ViZBRFRAZEETHIND 5
EEEBZORREE LFDA L 2 IDERIIZ4T ) HEKIC
13Pre-IDEFEARAM. REMK. A FMHROIMEE A
%%, Pre-IDEFFARMHOBMIZ. BA% EHT 5
2dDT5 v ERERITRARTIETH Y., BREEFIC
BDAGERKRT— 7. BRABR 7O ba—v, b
BE -V FRA U, Fi& FERATF Va2 -7k
EHEBEE 2B, REMFIT. BROFHELZRT 7
DITIFE ) o ZRHEMRALED, % BFIRE
L. HEBEHIORT-DICERI NS, FEMEKIZ. B
E7aba—nizl BEOEERMIIDOVWTHES
CUBEPEETH-DOICEREN S,
3) ERPRAABR L RARAMBANDOT 7R
KRETIRERLEENETANEINICEDLLT, %
A FR351HCT/POERRABR £ 17 9 B A1213. FDAIC
HELTERBEBLILEN DS, AR LHZH351HCT/

PASEMRA DB AIZ1ZZ W ZIND (Investigational
New Drug Application). = #E# % © 354 2 ZIDE
(Investigational Device Exemption Application) &
Wi, WIS RAIE L THRFELEHMIIAETS
D, GCPOEFHIRAITH %,

EMBFOHE, REC L ZHEIFED2D DRBEREK
HABED BFE % Commercial IND, EHi® KZEDOHEL
PSHFSE B B9 T 9 B R 3 B& 0 B 35 % Non-commercial
IND & .55, Non-commercial INDIZI33fE8 5 0, @
HD b DidInvestigator IND. HFEDEABE~DA
ERYEE D72 OINDIESingle Patient IND, E£ T4
EEPTRBOBED - DITKRAE AR %
REER 79 b a2 — WAL THIZEIIZE R 5B DOIND
¥ Treatment IND & Mt 5, Single Patient IND®
I b, BIZBRERED D DiZEmergency IND & b FEE
N5, Commercial IND & Investigator IND & T, &
HEHICEBIRITEWIEZZ v, Single Patient IND &
Treatment IND & id, B2 SB X UGCPEM D EFIR A
BRF— S RAIRETAINEIDRETEVDEDS D
DD, & HITKARBEYERF OBISE - NEERO
RODOEHL LTRITOA TV,

KRETREEBERIBERLEHEICEEL2 RITT
YA DREILL-,TZIAI, I, IIZHHPhTB
0. BIHCT/POFHAE. TDIT L A EH & D HHIAT
L7 7ANICETSLZE2 b0, IDEOHFD
VEND D, EYHH L FEHK EEXEEOHA I
Commercial IDE. Ff%2# I & 0 354 iZInvestigator
IDE:L HiZNh 5,

222l BEREOEVEELZ W LB RIREIC
HHBEDWHREDI- D, MARKDZOEEBIEZOME

R1 35THCT/PEEFESEVHCT/POE M

1. HCT/PDO IR T A#&/\FR (minimal manipulation) **

2. HCT/P#, #AR2 - #A#E DRIV & FZE LA DEA (homologous use) IZDAHREINBIFET.

FDZENFRREEZICRBEINTNS

3. BLETRRICMOWE (K. 7UX204 FOREH REFH. L3REREHR) LML EHen
FEMEPEENT, HDK TURLOA KBS REH. £/ HREHOFINC L->TLRHCTP
WCRALTH LR ENREDETORZEELEVWVEGE

4. PITOMh»IlELT 5158

(1) HCT/PIC2 ML RN G ZDE-28EEL L TEMBBNKHEHBEICEKTFT A &P
(2)HCT/IPIC2 SML B EN H D, £/-137NE-2HEEE LTERBEORBIEMICERTFETRZ EX B,

POLITOMPICHEET 3158
O BESOEREZE/METS

@ —BEF R "HEONBFEROREDLHDERTHZ

® £HEEMDERATH S

O~ 4DTRTHHYT BB ELISHIHCT/PIZISIHCT/PE RSN B,

* RIERROLLEE (minimal manipulation) DB i: 3SR



APRIL 2011 / HUMAN SCIENCE

ADMINISTRATION

APLELLRBEEDID D, 2HLZRRIZHLE
% - EMZ, FDAVHET 24 0ER. T42bb
Emergency Use. Compassionate Use. Treatment
Use. Continued AccessDWFhAhDEHZEL., B
RABRFOERFEBRICT 7 X THILINETE S,
Emergency Useld BEERRERIZSINL TWW i WEEAS
REFOEEKRE»B2CHEI LENEL-BE,
Compassionate UseldBEIRABROEEIZEH L2V E
BEPHLEMASZOBRFORSE - REBOW®BE - 2
BriZ & 272 L HIWT L 72354, Treatment Useid B2
LERRART — ¥ P HBICEELR W LAGOEHE
IZHAHBEHEEBMT 5%54A. Continued Accessid Fi
IRABRD T # 5D BRFEARTRRNC YRR A RAE
EEVBELELIGEDEHRTHS, /2. XKERNDOE
BEBL v (FE4TALT) BE T MicER 28
mA R WIRBOEE - BIICH W3 200 EEKS
X AEH#2F (Humanitarian Use Device; HUD) &
FiEh, COBERERZBRUNOT 2 A2 HET
DT, BEINBERET 4 v MHAHEEDOY X
7 ERLZELHRJBEROREEIRENNITE
BT — B LOBRFERBEZSZHEVHIEE
BPROLENTWD, Zhi NEH#EE%EE (Humanitarian
Device Exemption; HDE) &9,

4—EUDH

FRMES (EU) TidHRL - AR TRz, B5h
WEITNAMBOERBRICED X EHRBEE (B
PR - BN IRBAOMEE) T3 TER
i (2 MBOBA - BEIZER) CHEERS (&),

R, HHRRERE ILRIZFIEEEL &L IZATMP
(advanced therapy medicinal product) & \»9 E#& 5
D—FRNIHEEN T 22A5, 20084128 D #l B IE
WD HEBETERELATMPE LTEESORK %2 %
B ZEiihokY ZhEAKIC, ATMPOEREX
BIZOWTIIMBEEICBI) 2 FE L BT ICBRMNERR
JF (EMA) IZ& 5HREBEHIZI > TITPNBE LI
TEY, HIERE»S I CICEEREHTLGLE A
ATMPE L THRFEARZZIT T 5,

1) EMA - EUMBAEHH L FIC & 2R
EMAWREUD & % i #E € O 58 LIC L E 2 I B 0

FRIBICEEBN 2LBE2RLTEY, EEKOBET

HARICET2R2MPBERP 70 b - VB 2HERE

IR LTS, ATMPORBEE IZF DRy F v —

> #¥ % (small and medium-sized enterprise; SME)

BE W b, SMEAATMPIZ DWW T O/ B)

SELELTHEA. BEDOFHEDI0%EIT| THE

I L TWwW5b, HEEMNSMET, & & %5 ATMP

PARGELORR LRI L 222 LAGEHTE S

Ballid, BRbE5INERENE, 2B, Thlist

DOFFETONREBHBATMPZ 5158 % D65%E

FITHHEIIE L TWA, $/2, =77 VEERKDHB

D70 I-VHKBIZERTH S, ATMPIZET

HEAIIE. EEEMEBUAC, X IEARLHIEL L

THEMEHFH ¥ A2 7 +— 2 (Innovation Task Force;

ITF) O bABTHTH 5. [TFHEMAN O

SR LD 7V — 7T, THAIEE - Ffficown

THEHCTOMES2H#ET A LRENLLTY

5o ZORIERITFLLBER2ZIT2L )LD IE

K2 EUICHIFD MFMlEARESR] & BRTHRNE 0TS
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2. UTOWFhrICiE i ki EE (325 LA 1mEE - B T Eh )
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REBOBRE VIR, ITFE DHFIERTH S
DmBEABEOENHERIE 2 v, E5122h 50
BELIIBIICEMAIL, RAREEDORBEMNATMPICE YT
LZPEPOMBELERTIT) L L BIT. REEADH
WBEREL ERX L T, SMEDOFEKRRAR - BER
BROT—5 ORMERICHTL2ELEL COYERT (&
RNICIIEBRECAKBHEBETOR I 2 V) 2BEKRR
EXBALA - ARTHFBOEFEICHD S THEE., EHTT-
Twb, ¥72EMAIE. 2009468 ICEERER GO
BRFEAENTN B EBBICZDEERRY D L0k
ERERGOATEEICBILIBESER2 T LOLY
EEARLEY, HERRE ELPSHILSE DS i
BHREEMI L ATMPICET 2452 8E85%
EORNERRRLIZDTAY 2k, BEEROES
ERTEBDBINIAITo T2,
MBELZEORMYUB I TN ENIBIC. BEH
B -l EEHWNICHD S THRERRRBGHORR
B, O MHEE2 M2V LERNTRINIT B % &,
ATMPORAEZBICEBHNTH 5, flz M4 FU R
Tk, EATATMPORELY BRTHEICE. EER
Jf (MHRA) tHEHKL THENEZ2HBALILNT
&5, HMFEABTL L TIIBIZIE. WBE. FEFRRRAER.
FRIRRER, TIRAAE. HEEZ X BToh5, 2
B, MHRAD 6 DORZMBIT X, BROBFOER
BLITEMNICITEED Z B 2w, face-toface®d
A THAZLEEMAX D OEMTH S LV FI A
Wi b, N4 YTiR, ATMP2E# T2 K- L 1—
VY v e#FZERF (PED 2. ATMPORR##% H
BELizf /) R=Yay F 74 ADEREShTY
o A/ R=Va v k74 RAGKERHERIE S
W—7, FIEEB I UM EERMAZEORB >
¥ — 2 RIC, ERRGAROFEEICHE O EE
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DNA microarray profiling identified a new role of growth
hormone in vascular remodeling of rat ductus arteriosus
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Abstract The ductus arteriosus (DA), a fetal arterial
connection between the pulmonary artery and the aorta, has
a character distinct from the adjacent arteries. We com-
pared the transcriptional profiles of the DA and the aorta of
Wistar rat fetuses on embryonic day 19 (preterm) and day
21 (near-term) using DNA microarray analyses. We found
that 39 genes were expressed 2.5-fold greater in the DA
than in the aorta. Growth hormone (GH) receptor (GHR)
exhibited the most significant difference in expression.
Then, we found that GH significantly promoted migration
of DA smooth muscle cells (SMCs), thus enhancing the
intimal cushion formation of the DA explants. GH also
regulated the expression of cytoskeletal genes in DA
SMCs, which may retain a synthetic phenotype in the
smooth muscle-specific cytoskeletal genes. Thus, the
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present study revealed that GH-GHR signal played a role in
the vascular remodeling of the DA.

Keywords Growth hormone - Gene expression - Vascular
remodeling - Premature infant - Congenital heart disease

Introduction

The ductus arteriosus (DA), a fetal arterial connection
between the pulmonary artery and the descending aorta, is
essential to fetal life. The morphology and function of the
DA dramatically change during development [1]. In partic-
ular, during late gestation, the deposition of extracellular
matrix in the subendothelium is increased, and the smooth
muscle cells (SMCs) of the media migrate into this region,
resulting in intimal thickening [2]. This vascular remodeling
of the DA is essential for its postnatal closure and is not
observed in adjacent arteries. Thus, the DA has distinct
characteristic features that differ from those of the adjacent
arteries (the aorta and pulmonary arteries). This character-
istic of the DA is largely dependent on the expression of the
distinct subsets of genes involved in the developmental
vascular remodeling that occurs during gestation. To
understand the precise transcriptional network in the DA,
genome-wide analysis is a powerful approach that can be
utilized. In this context, several studies, including ours, have
been carried out to identify the effects of oxygen [3] or
maternal administration of vitamin A [4] on the transcrip-
tional profiles of the DA. Although the study by Costa et al.
[3] is the only one that demonstrated the characteristic dif-
ferences in the transcriptional profiles between rat DA and
the aorta of premature fetuses and neonates, they analyzed
their transcriptional profiles on embryonic day 19 (€19) only;
they did not examine the changes during later gestation.
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Because the morphological and physiological characteristics
of the DA differ significantly between premature and mature
fetuses [1], it is of great interest to investigate the tran-
scriptional profiles of the DA and the adjacent aorta in the
remodeling process that occurs during late gestation. .

Materials and methods

Tissue collection for DNA microarray and quantitative
reverse transcription polymerase chain reaction
analyses

Pooled tissues from the DA or the aorta were obtained from
Wistar rat embryos on €19 (n > 120) and e21 (n > 120).
Reverse transcription polymerase chain reaction (RT-PCR)
analysis was performed as described previously [2]. The
information on PCR primers for RT-PCR analyses is pro-
vided in Supplemental data 1.

Total RNA preparation and DNA microarray analysis

Total RNA preparation and DNA microarray analysis were
performed as described previously [4]. Briefly, total RNA
was converted to biotin-labeled cRNA that was hybridized
to rat genome U34A GeneChip DNA microarray
(Affymetrix, Santa Clara, CA). The hybridization experi-
ments were performed in duplicate and the intensities were
averaged. If the difference in the signal intensities of a given
sequence tag was equal to the cutoff (=2.5-fold) or more, and
if the “Comparison Analysis” of the Microarray Suite
Software indicated “increased” or “decreased” with the
>2.5-fold difference at any developmental stage, that
sequence tag was considered to exhibit a significant differ-
ence between the DA and the aorta.

Primary culture of rat DA SMCs

Vascular SMCs in primary culture were obtained from the
DAs of Wistar rat embryos at e21. The tissues were minced
and transferred to a 1.5-ml centrifuge tube that contained
800 pl of collagenase-dispase enzyme mixture [1.5 mg/ml
collagenase-dispase (Roche), 0.5 mg/ml elastase type II-A
(Sigma Immunochemicals, St. Louis, MO), 1 mg/ml tryp-
sin inhibitor type I-S (Sigma), and 2 mg/ml bovine serum
albumin fraction V (Sigma) in Hanks’ balanced salt solu-
tion (Sigma)]. The digestion was carried out at 37°C for
15-20 min. Then cell suspensions were centrifuged, and
the medium was changed to the collagenase II enzyme
mixture [1 mg/ml collagenase II (Worthington), 0.3 mg/ml
trypsin inhibitor type I-S, and 2 mg/ml bovine serum
albumin fraction V in Hanks’ balanced salt solution]. After
12 min of incubation at 37°C, cell suspensions were

@ Springer

transferred to growth medium in 35-mm poly-L-lysine
(Sigma)-coated dishes in a moist tissue culture incubator at
37°C in 5% CO,, 95% ambient mixed air. The growth
medium contained Dulbecco’s modified Eagle’s medium
(DMEM) with 10% fetal bovine serum (FBS) and 1%
penicillin-streptomycin solution (Sigma). The confluent
cells were used at passages 4-6.

SMC migration assay

The migration assay was performed using 24-well Transwell
culture inserts with polycarbonate membranes (8-pm pores;
Corning Inc.) coated with fibronectin. The DA SMCs were
harvested with trypsin-ethylenediamine tetraacetic acid
(EDTA), resuspended in serum-free DMEM, and distributed
at a density of 1 x 10° cells/100 pl in the inserts. The cells
were allowed to settle in serum-free DMEM for 1 h before
the addition of GH (20 and 200 ng/ml) in the lower chamber.
Under basal conditions, the lower chambers were filled with
600 pl serum-free DMEM. SMCs were then allowed to
migrate to the underside of the insert’s membrane at 37°C/
5% CO,. At the end of the experiment, the cells were fixed in
10% buffered formalin. SMCs were stained with Cyto Quick
(Muto Pure Chemicals), and cells on the upper surface of the
membrane were mechanically removed with a cotton swab.
Cells that migrated onto the lower surface of the membrane
were manually counted from three different fields (0.5 mm?/
field) under a microscope.

Cell proliferation assays

[3H]thymidine incorporation was used to measure cell
proliferation in DA SMCs. The SMCs were reseeded into a
24-well culture plate at an initial density of 1 x 10° cells
per well for 24 h before serum starvation with DMEM
containing 0.1% FBS. Cells were then incubated with or
without GH (20 and 200 ng/ml) for 24 h in the starvation
medium before addition of 1 uCi of [methyl->H]thymidine
(specific activity 5 Ci/mM; Amersham International,
Bucks, UK) for 4 h at 37°C. After fixation with 1.0 ml of
10% trichloroacetic acid, the cells were solubilized with
0.5 ml of 0.5 M NaOH and then neutralized with 0.25 ml
of 1 N HClL. A liquid scintillation counter was used to
measure [3H]thymidine incorporation. Data obtained from
triplicate wells were averaged.

Quantitation of hyaluronan

The amount of hyaluronan in the cell culture supernatant
was measured by a latex agglutination method based on the
specific interaction of hyaluronan with the latex-labeled
hyaluronan-binding protein from bovine cartilage (Fujirebio
Inc.). Hyaluronan was quantified in duplicate according to
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the manufacturer’s instructions using 2.5-ul aliquots of the
conditioned cell culture medium using the HITACHI 7070
analysis system (Hitachi) at an 800-nm wavelength.

Organ culture

Fetal arteries including the DA and the aortic arch arteries
were incubated with GH (200 ng/ml) for 72 h in serum-
free DMEM as described previously [2]. Explants were
then fixed in 10% buffered formalin and embedded in
paraffin. The sectioned segments in the middle portion of
the DA were analyzed histochemically.

Immunohistochemistry

Tissue staining and immunohistochemistry were performed
as described previously [5, 6]. Mouse monoclonal anti-
GHR antibody (MAB263) was purchased from Abcam
(Tokyo, Japan).

Statistics

Data are presented as mean = standard error (SEM) of
independent experiments. Statistical analysis was performed
between two groups by unpaired two-tailed Student’s f test
or unpaired 7 test with Welch correction, and among mul-
tiple groups by one-way analysis of variance (ANOVA)
followed by Neuman-Keuls multiple comparison test. A
p value of <0.05 was considered significant.

Results

Genes differentially expressed between the DA
and the aorta

All the microarray data in the present study were deposited at
the Gene Expression Omnibus (GEO) repository (http://fwww.
ncbi.nlm.nih.gov/projects/geo/; accession no. GSE3422).
A total of 117 genes (142 probe sets) showed a significant
difference (>2.5-fold) between the DA and the aorta at e19
or e21. Among 117 genes, 39 (43 probe sets) exhibited
a DA-dominant expression pattern (Table 1), and 78 (99
probe sets) exhibited an aorta-dominant expression pattern
(Table 2).

Of 39 genes in the DA-dominant expression pattern
(Table 1), 34 had a known function, and 3 were homolo-
gous to known genes. Although several genes, such as
prostaglandin E receptor 4 (subtype EP4) (Ptgerd) and
endothelin-1, are known to play an important role in the
regulation of vascular tone of the DA [1], the role of most
of the other genes in the DA has not been identified. We
found that growth hormone (GH) receptor exhibited the

highest difference in the expression between the DA and
the aorta among 39 DA-dominant genes.

Of the 39 genes, 9 encode proteins related to cytoskeleton
and the extracellular matrix, including sarcomeric genes
such as Myh11 (myosin heavy chain 11), Myl6 (myosin light
chain, polypeptide 6, alkali, smooth muscle and non-mus-
cle), Actg2 (actin, gamma 2), Tpm1 (tropomyosin 1, alpha),
Tnn (tenascin N, predicted), and Lamb2 (laminin beta2).
Three membrane ion channels, ATPase Na™/K* transport-
ing bl polypeptide and potassium inwardly rectifying
channel (Atplbl), subfamily J, member 8 (Kcnj8), which
is known as ATP-sensitive potassium channel K, yp-1,
and Ca** channel, voltage-dependent, x2/5 subunit 1
(Cacna2d1), were also strongly expressed in the DA.

We also identified 79 genes in the aorta-dominant
expression pattern (Table 2). Of the 79 genes, 14 genes
encode proteins related to cytoskeleton and the extracellular
matrix. Cardiac sarcomeric genes such as Myh6 (myosin
heavy chain, polypeptide 6), Myh7 (myosin heavy chain,
polypeptide 7), Myl7 (myosin, light polypeptide 7, regula-
tory), Myl2 (myosin regulatory light chain 2, ventricular/
cardiac muscle isoform), Actcl (alpha, actin alpha cardiac
1), Tont2 (troponin T2, cardiac), Tnni3 (troponin I, cardiac),
and Fnl (fibronectin 1) were more highly expressed in the
aorta than in the DA. Accordingly, there was a marked dif-
ference in the composition of the genes related to the cyto-
skeleton and the extracellular matrix between the DA and the
aorta. Sixteen genes were expressed 2.5-fold more in the
aorta at both €19 and €21 than in the DA, whereas 24 genes
were expressed 2.5-fold more in the aorta than in the DA
only at e21. To confirm the results of the DNA microarray,
we performed RT-PCR (Supplemental data 2).

Growth hormone receptor mRNA and protein
were dominantly expressed in the developing DA

As mentioned above, GH receptor (GHR) exhibited the
highest difference of expression between the DA and the
aorta (Fig. 1a), suggesting that GH-GHR signal plays a
distinct role in the vascular remodeling of the DA from the
aorta. The expression of GH mRNA was very low, and
there was no difference between the DA and the aorta
(Fig. 1b). Interestingly, the expression levels of insulin-like
growth factor (IGF)-I and IGF-II mRNAs were higher in
the aorta than in the DA, whereas the expression levels of
IGF-I receptor (IGF-IR) and IGF-IIR mRNAs did not differ
(Fig. lc—f). In addition, the expression levels of IGF
binding protein (IGFBP) 2 and IGFBP5 mRNAs were also
higher in the aorta than in the DA at €21 and at el9,
respectively (Table 2).

The expression of GHR mRNA was also confirmed by
quantitative RT-PCR analyses. We found that the expres-
sion levels of GHR mRNA were higher in the rat DA than
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Table 1 DA-dominant genes

Probe set ID RefSeq Gene title Gene symbol Fold difference between
Transcript 1D DA and aorta
el9 e2l
1 re_AlI104225_at NM_017094 Growth hormone receptor Ghr 5.0 8.7
2 Z83757TmRNA_at XM_222794 Tenascin N (predicted) Tnn_predicted 23 7.4
3 L16764_s_at//f NM_031971// Heat shock 70kD protein 1A///heat shock Hspala///Hspalb 8.6 7.1
Z75029_s_at NM_212504 70kD protein 1B
4 rc_AA891527_at NM_022531 Desmin Des 1.4 6.3
5 rc_AAB93846_at NM_053591 Dipeptidase 1 (renal) Dpepl 3.4 5.6
6 X73524_at NM_013129 Interleukin 15 s 2.0 5.6
7 D28561_s_at NM_031677 Four and a half LIM domains 2 Fhl2 34 4.9
8 rc_AA894200_at XM _342032 Proprotein convertase subtilisin/kexin type 5 PcskS 14 438
9 AF002281 _at NM_012870 Tumor necrosis factor receptor superfamily,  Tnfrsf11b 12 4.7
member 11b (osteoprotegerin)
10  M22323_at NM_013086/// cAMP responsive element modulator Crem 1.8 3.5
NM_017334
11 U94330_at NM_001007678  Mss4 protein Mss4 15 3.1
12 rc_AAT799773_at NM_134410 Mg87 protein Mg87 13 29
13 XB82152_at NM_001002287 MAS-related G protein-coupled receptor, Mrgprb4 25 29
member B4
14 M64711 _at NM_080698 Fibromodulin Fmod 16 28
15 D28860_s_at NM_012893 Actin, gamma 2 Actg2 3.7 2.8
16 U69272_g_at NM_017099 Potassium inwardly rectifying channel, Kcnj8 2.8 2.8
subfamily J, member 8
17  1c_AA859578_at NM_021587 Latent transforming growth factor beta Ltbpl 2.0 2.7
binding protein 1
18  1c_AAB59954 at NM_012751 Solute carrier family 2 (facilitated glucose Slc2a4 23 2.7
transporter), member 4
19 rc_AI014135_g at NM_013113 ATPase, Na +/K + transporting, beta 1 Atplbl 2.1 2.7
polypeptide
20 rc_AlIl76662_s_at NM_019131 Tropomyosin 1, alpha Tpml 2.3 2.7
21  AB020504_g_at NM_032076 Prostaglandin E receptor 4 (subtype EP4) Ptger4 24 26
22 rc_AI232078_at NM_012827 Bone morphogenetic protein 4 Bmp4 2.8 26
23 U02553cds_s_at NM_033485 PRKC, apoptosis, WT1, regulator Pawr 1.4 2.6
24  X63253cds_s_at NM_080902 Hypoxia induced gene 1 Higl 1.7 2.6
25 M60921_g at XR_086177 PMF32 protein (predicted) Pmf31 2.8 2.5
26  S66024_at XM_343144 Myosin, light polypeptide 6, alkali, smooth ~ Myl6_predicted 2.7 25
muscle and non-muscle (predicted)
27  M86621_at NM_012887 Thymopoietin Tmpo 1.2 25
28  X54686cds_at/// XM_573030 Myosin heavy chain 11 Myhll 3.7 23
rc_AA891041_at
29 U17254_g at NM_012974 Laminin, beta 2 Lamb2 2.5 2.3
30 Z22607_at NM_019620 Zinc finger protein 386 (Kruppel-like) Znf386 7.5 22
31 rc_AAR91422_at NM_053650 PDZ and LIM domain 3 Pdlim3 2.6 1.8
32 rc_All44767 s_at/ff NM_024162 Fatty acid binding protein 3 Fabp3 3.5 1.7
1c_AA875132_at
33 M63656_s_at NM_012919 Calcium channel, voltage-dependent, Cacna2dl 2.7 1.6
alpha2/delta subunit 1
34 rc_AI014163_at NM_012548 Endothelin 1 Ednl 2.8 1.4
35 rc_Al639161 _at XM_346029 Similar to KIAA1411 protein (predicted) RGD1304927 predicted 2.7 12
36 rc_AAB66345_at NM_012531 Catechol-O-methyltransferase Comt 46 1.2
37  rc_AI230614_s_at/// NM_001002829 RAS-like family 11 member A Rasllla 3.0 1.1
rc_Al112173_at
38 rc_AA799511_g at - - - 1.8 26
39  rc_AAB93871_at - - - 14 2.5
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Table 2 Aorta-dominant genes

Probe set ID RefSeq transcript ID Gene title Gene symbol Fold difference
between aorta and DA
el9 e2}l

1 X15939_r_at/f/rc_AI104924_f_au/// NM_017239 Myosin heavy chain, polypeptide 6, Myh6 22 238
rc_AI103920_f _at//frc_AA891522_f at cardiac muscle, alpha
2 X80130cds_i_at///frc_AX104567_g_at/// XM_215801 Actin alpha cardiac 1 Actcl 3.0 184
rc_AAB66452_s_at
3 M93638_at NM_183333 Keratin complex 2, basic, gene 5 Krt2-5 6.9 16.8
4  rc_AA891242 g at/lfrc_AA891242 at NM_001106017 Myosin, light polypeptide 7, regulatory Myl7 32 153
5 X15939_f at NM_017240 Myosin, heavy polypeptide 7, cardiac Myh7 1.9 132
muscle, beta
6 D78159mRNA_s_at NM_001008806 Type II keratin Kb4 Kb4 1.5 9.1
7  X15512_at NM_012824 Apolipoprotein C-I Apacl 0.5 74
8 U67914_at XM_342219 Carboxypeptidase A3 Cpa3 1.7 72
9 r1c_All69372_g_at NM_031839 Cytochrome P450, family 2, subfamily ¢, Cyp2c23 0.5 55
polypeptide 23
10 K01933_at NM_012582 Haptoglobin Hp 0.5 5.1
11 M80829_at NM_012676 Troponin T2, cardiac Tnnt2 1.3 4.8
12 X00975_g_at///X07314cds_at NM_001035252 Myosin, light polypeptide 2 Myl2 5.1 48
13 M24852_at NM_013002 Purkinje cell protein 4 Pcp4 4.7 4.8
14 M92074_g_at NM_017144 Troponin 1, cardiac Tnni3 2.1 4.6
15 rc_AA945054_s_at NM_022245 Cytochrome b-5 Cyb5 0.8 4.1
16 S76779_s_at NM_138828 Apolipoprotein E Apoe 13 39
17 AF014503_at NM_053611 Nuclear protein 1 Nuprl 32 39
18 X02412_at NM_019131 Tropomyosin 1, alpha Tpml 1.0 37
19 DO00752_at NM_182474 Serine protease inhibitor Spin2a 0.5 36
20 D89730_at NM_001012039 Epidermal growth factor-containing Efemp]_predicted 4.0 36
fibulin-like extracellular matrix protein
1 (predicted)
21 MI14656_at NM_012881 Secreted phosphoprotein 1 Sppl 4.7 34
22 XB81448cds_at///rc_Al072634_at NM_053976 Keratin complex 1, acidic, gene 18 Krt1-18 L5 31
23 rc_AA946368_at XM_575338 Similar to fatty acid translocase/CD36 LOC499984 19 3.1
24 M91595exon_s_at//J04486_at/// NM_013122 Insulin-like growth factor binding protein Igfbp2 2.1 3.1
A09811cds_s_at 2
25 U30938_at NM_013066 Microtubule-associated protein 2 Mtap2 2.1 30
26 Y12502cds_at NM_021698 Coagulation factor XIII, Al subunit Fl3a 2.8 29
27 M84719_at NM_012792 Flavin containing monooxygenase 1 Fmol 44 28
28 M91652complete_seq_at NM_017073 Glutamine synthetase 1 Glul 1.8 28
29 J03752_at NM_134349 Microsomal glutathione S-transferase 1 Mgstl 1.1 27
30 AF072411_g at/f/rc_AA925752_at NM_031561// CD36 antigen///similar to fatty acid Cd36///LOC499984/// 1.7 27
XM_575338/// translocase/CD36///similar to fatty acid ~ LOC499985
XM_575339 translocase/CD36
31 L19998_g at///1.19998 _at NM_031834 Sulfotransferase family 1A, phenol- Sultlal 29 2.7
preferring, member 1
32 L25387_g at NM_206847 Phosphofructokinase, platelet Pfkp 1.7 2.6
33 rc_AI230247_s_at NM_019192 Selenoprotein P, plasma, 1 Seppl 22 26
34 rc_Al237731_s_at///L03294_g av//1LO3294_at NM_012598 Lipoprotein lipase Lpl 0.9 26
35 MB83680_at NM_053589 RAB14, member RAS oncogene family = Rabl4 26 2.6
36 rc_Al639532_at XM_215935 Troponin C2, fast (predicted) Tnnc2_predicted 4.7 25
37 X71127 g at NM_019262 Complement component 1, g Clgb 32 2.5
subcomponent, beta polypeptide
38 ABO00113_at NM_017217 Solute carrier family 7 (cationic amino Slc7a3 1.6 2.5
acid transporter, y + system), member
3
39 rc_AAB94092_at XM_342245 Periostin, osteoblast specific factor Postn_predicted 25 25
(predicted)
40 M32062_g_at NM_053843/// Fc receptor, IgG, low affinity HI///Fc Fegr3/// 32 24
XM_573502/1/ gamma receptor If beta///similar to low  LOC498276///
XM_573503 affinity immunoglobulin gamma Fc LOC498277
region receptor IIf precursor (IgG Fc
receptor III) (Fc-gamma RIIT) (FcRIIT)
41 M24353_g at XM_343636 Mannosidase 2, alpha 1 Man2al 4.7 23

@ Springer



J Physiol Sci

Table 2 continued

Probe set ID RefSeq transcript ID Gene title Gene symbol Fold difference
between aorta and DA
el9 €2l

42 U77931_at NM_147136 rRNA promoter binding protein RGD:727924 3.0 23
43 M12098_s_at NM_012604 Myosin, heavy polypeptide 3, skeletal Myh3 27 21
muscle, embryonic
44 AJ005396_at XM_342325 Procollagen, type XI, alpha 1 Colllal 31 21
45 rc_AA893230_at XM_236325 Ceroid-lipofuscinosis, neuronal 6 Clné_predicted 28 2.1
(predicted)
46 rc_AA8B75172_at NM_053360 SH3-domain kinase binding protein 1 Sh3kbpl 2.6 2.1
47 ABO012235_at///AB012234_g_at/l/ XM_213849 Nuclear factor I/X Nfix 4.9 19
AB012234_at
48 X00722_at XM_578812 Similar to testin LOC503278 2.8 1.9
49 M32062_at NM_053843/// Fc receptor, IgG, low affinity IIL///Fc Fegr3///LOC498276 2.8 1.8
XM_573502 gamma receptor II beta
50 rc_AIO013472_at//frc_AA924925_at NM_I38905 ER transmembrane protein Dri 42 Ppap2b 2.6 1.8
51 U62897 at NM_012836 Carboxypeptidase D Cpd 3.0 1.8
52 Z12298cds_s_at//X59859_r_at///X59859_i_at NM_024129 Decorin Den 27 1.7
53 MI15797_at XM_213954 Nidogen (entactin) Nid 13.4 1.7
54 AF041066_at NM_020082 Ribonuclease, RNase A family 4 Rnase4 2.9 1.7
55 U50842_at XM_343427 Neural precursor cell expressed, Nedd4a 3.9 1.6
develop lly do d gene
4A
56 rc_AABG66443_at NM_001008560 Protease, serine, 35 (predicted) Prss35 42 1.6
57 S$66184_s_at/ifrc_AI1234060_s_at/// NM_017061 Lysyl oxidase Lox 32 1.6
1c_Al102814_at///rc_AA875582_at
58 rc_Al639314 at XM_238213 Delangin (predicted) NIPBL _predicted 25 16
59 rc_AAB00908_at XM_344450 Potassium channel tetramerisation domain Kctd12_predicted 3.6 1.6
containing 12 (predicted)
60 rc_AT029920_s_at NM_012817 Insulin-like growth factor binding protein Igfbp5 4.0 1.5
5
61 L10326_at NM_019132 GNAS complex locus Gnas 2.7 1.5
62 E00988mRNA_s_at NM_031511 Insulin-like growth factor 2 Igf2 3.0 14
63 U01908cds_s_at//D43778exon#3_s_at/// NM_012494 Angiotensin Il receptor, type 2 Agtr2 4.4 14
D16840_s_at
64 rc_All76461 _s_at NM_017211 Golgi apparatus protein 1 Glgl 33 1.4
65 U23146¢ds_s_at NM_057103 A kinase (PRKA) anchor protein (gravin) Akapl2 2.9 1.4
12
66 rc_AA900750_s_at NM_012760 Pleiomorphic adenoma gene-like 1 Plagll 25 14
67 Z17223_at NM_017149 Mesenchyme homeo box 2 Meox2 26 1.3
68 rc_Al171966_at NM_198740 Major histocompatibility complex, class  RGD:735096 25 1.2
11, DM beta
69 U35775_g_au//U35775_at NM_031552 Adducin 3 (gamma) Add3 53 1.2
70 U43534_at NM_0128%4 Adenosine deaminase, RNA-specific, Bl  Adarhl 27 08
71 AF004811_at NM_030863 Moesin Msn 2.9 0.7
72 X05831cds_av//U82612cds_at///M28259cds_at NM_019143 Fibronectin 1 Fnl 3.9 0.7
73 U17604_at NM_053865 Reticulon 1 Rtnl 2.6 07
74 X51531cds_g_at///X51531cds_at - - . - 4.4 302
75 rc_AA799865_at - Transcribed locus - 13 27
76 X05472cds#2_at - - - 72 2.4
77 rc_AA799406_at XM_578859 Hypothetical protein LOC503325 LOC503325 2.6 13
78 rc_AAB5992]_at - - - 33 0.9

in the aorta at €19 and at €21 (p < 0.05 and p < 0.001,
n = 6-8, respectively) (Fig. 2a).

We then examined the localization of GHR in the DA
and the aorta at €19 and e21. GHR immunoreactivity was
detected abundantly in the SMC layer and less in the
endothelial cells of the DA (Fig. 2b).
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GH promoted DA SMC migration, but not proliferation

SMC migration and proliferation play an essential role in
intimal cushion formation of the DA, especially during late
gestation. Therefore, we investigated the effects of GH on

migration and proliferation using DA SMCs in primary
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culture from rat DA at e21. We found that recombinant rat
GH promoted migration of DA SMCs in a dose-dependent
manner (Fig. 3a). However, the same amount of GH did
not promote migration of aortic SMCs (Supplemental data
3). When DA SMCs were treated with platelet-derived
growth factor BB (PDGF-BB) (10 ng/ml), a potent stimu-
lator for SMC migration, SMC migration was significantly
increased by 141% in DA SMCs. In contrast, [*H]thymi-
dine incorporation was unchanged in DA SMCs in the
presence of recombinant rat GH (up to 200 ng/ml)
(Fig. 3b). When DA SMCs were treated with 10% FBS, a
potent stimulator for SMC proliferation, [3H]thymidine
incorporation was significantly increased by 112% in DA
SMCs. Hyaluronan is an important component of the inti-
mal cushion, and hyaluronan-rich matrices are essential for
cell migration and proliferation in the DA [2]. Because our
recent study revealed that PGE; is a potent stimulator for
hyaluronan production in DA SMCs [2], we investigated
whether or not GH altered hyaluronan production in DA
SMCs. We found that GH had no effect on hyaluronan
production in DA SMCs (data not shown).

Effect of GH on tissue-specific cytoskeletal genes
in the DA and the aorta

Our DNA array analyses revealed that the expression of
cytoskeletal genes was markedly different between the DA
and the aorta. Because GH is known to regulate cytoskeletal
organization [7], we examined whether or not GH affected
such a tissue-specific expression of cytoskeletal genes in
DA SMCs. We found that GH decreased the expression of
DA-dominant cytoskeletal genes such as desmin, Fhi2,
Actg2, and Myhll in DA SMCs (Fig. 4a~d). Among the
aorta-dominant sarcomere genes, we also found that GH
decreased the expression of Myl2 and Tnnt2 mRNAs,
increased the expression of Tnni3 mRNA, and exhibited no
change in Myh7, Actcl, and Tnnc2 mRNAs (Fig. 5).
Because GH is known to inhibit the expression of skel-
etal muscle-specific proteins in a dose-dependent manner in
satellite cells [8], we examined the effect of GH on the
expression of smooth muscle-specific genes. We found that
GH significantly decreased the expression of SM1, SM2,
SM22, and h-caldesmon mRNAs, whereas GH did not
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Fig. 2 Expression of GHR
mRNA and protein in rat DA.
a Quantitative RT-PCR %
analyses of GHR. The
expression level of GHR mRNA
was maximal at E19 and E21 in
the DA (n = 6-8).

b Immunohistological analysis
of GHR protein in the rat DA at
E19, E21, and Day0. GHR was
detected in a brown color. Dark
blue stain was counterstained
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with Mayer’s hematoxylin.
Scale bars 50 mm. *p < 0.05,
***p < 0.001. Data are
expressed as means = SEM.
EI19 Embryonic day 19, E21
embryonic day 21, Day0 at
birth, DA ductus arteriosus,

AO aorta, GHR growth hormone
receptor, NS not significant

change the expression of SMemb mRNA (Fig. 6a—). We
also found that GH decreased the expression of myocardin
mRNA (Fig. 6f), a transcriptional factor, which is sufficient
for a smooth muscle-like contractile phenotype. To inves-
tigate whether the effect of GH on the expression of cyto-
skeletal genes is found in aortic SMCs, we also did the same
experiment using SMCs from the rat aorta at e21. We also
found a similar effect of GH on the expression of cyto-
skeletal genes in cultured rat aortic SMCs (Supplemental
data 4, 5, and 6).

GH promoted intimal thickening of immature
rat DA explants

To examine to what extent GH contributes to the intimal
thickening of the DA, we administrated GH into the pre-
mature vessel explants containing the DA, the aorta, and
the main pulmonary artery from fetuses at €19 (Fig. 7). We
found that GH significantly promoted intimal thickening of
the DA, but not the aorta when compared with the control
(Fig. 7). It should be noted that the effect of GH on the
intimal thickening was greater in the DA than in the aorta.

@ Springer

Discussion

Our microarray analyses uncovered gene expression pro-
files of the DA distinct from those of the aorta during fetal
development. These gene expression profiles are consid-
ered to be the primary determinant of the different func-
tional and morphological characteristics of the DA from
the adjacent arteries. In fact, several unexpected genes that
are known to be involved in tissue differentiation were
identified as having a DA-dominant expression pattern. It is
of note that among them GHR exhibited the highest dif-
ference in expression between the rat developing DA and
the adjacent aorta. Although the expression levels of GH
mRNA were slightly higher in the aorta than in the DA at
e21, the difference did not reach statistical significance. We
think that total GH-GHR signals are higher in the DA than
in the aorta due to the predominant expression of GHR in
the DA during gestation. Accordingly, we hypothesized
that GH stimulation via GHR may be involved in DA
remodeling and that it may play a role in the specification
of the DA from other arteries. During gestation, the serum
GH concentration of fetuses increased gradually as



I Physiol Sci

A 3-
sk
_»g sk
5§27
£ 3 sdeske
& s
-} £ 1
=
£
0-
F & & F
do > @ &
s & & &F
B
= 39
£
s EE 3
o =
EE.
g s
e 8
-
tRle
ZE
=
=0 ) S
Q@ GQ’ C;b @
g & & gp
Q"‘ Qoé Q} \Q

%QQQ

Fig. 3 GH promoted DA SMC migration, but not proliferation.
a Effects of growth hormone (GH) stimulation on DA SMC
migration. DA SMC migration was significantly increased in the
presence of GH at a concentration of 20 or 200 ng/ml (n = 6). PDGF-
BB at a concentration of 10 ng/ml was used as a positive control.
b The effect of GH on proliferation of rat DA SMCs. GH did not
promote cell proliferation in DA SMCs (n = 6-8); 10% FBS was
used as a positive control. **p < 0.01,***p < 0.001 versus 0.1%
FBS. Data are expressed as means + SEM. FBS Fetal bovine serum

pregnancy advanced and declined before parturition in
many species [9-11]. In rodents, the fetal pituitary gland
starts to secret GH from el5, whereas many tissues,
including vascular endothelial and SMCs, locally produce
GH beginning in relatively early embryogenesis [12]. Even
though the level of serum GH in a fetus is almost com-
parable to or slightly less than that in an adolescenct
[9-11], GH has been regarded as of little functional sig-
nificance in fetal growth [13]. A growing body of evidence,
however, has revealed the importance of GH in tissue
differentiation during fetal development. First, many fetal
tissues, including vascular endothelium and smooth mus-
cle, express GHR [14, 15]. Therefore, GH likely activates
an intracellular signal pathway through GHR in fetuses.
Second, a considerable number of studies have demon-
strated that fetal tissues indeed respond to GH in vitro
[12, 16], which was observed in the present study. Third,

GHR knockout mice exhibit functional and morphological
changes in both heart and vasculature [17]. These results
led us to explore the role of GH in DA development,
especially in its vascular remodeling.

Numerous previous studies have demonstrated that GH
plays a role in angiogenesis [18] and that GH deficiency or
excess increases the risk of cardiovascular morbidity and
mortality [19, 20]. However, the role of GH in the vascular
remodeling of the developmental arteries has not yet been
precisely evaluated. The present study revealed that GH
promoted the migration of DA SMCs and then intimal
cushion formation in DA explants. In terms of the effect of
GH on SMC migration, data from previous studies are very
limited [21-23]. Although the precise mechanism still has
not been investigated, it can be assumed that the different
responses to GH in various cell types are dependent on the
GHR expression levels.

Intimal thickness is a hallmark of physiological vascular
remodeling of the DA during late gestation [2]. Although
the present study demonstrated that GH promotes intimal
cushion formation of the ex vivo DA explants, previous
clinical studies have shown that the effect of GH on
pathological intimal thickness is equivocal. Increases in the
carotid intimal media thickness were observed in patients
with acromegaly [24]. In contrast, patients with either
childhood- or adulthood-onset GH deficiency also exhib-
ited increased intima-media thickness and endothelial
dysfunction [19, 25]. Therefore, adequate levels of GH
could be important to maintain normal morphology of
mature arteries. The present study indicates that GH in the
culture media at a concentration of 200 ng/ml is sufficient
to promote the physiological intimal cushion formation of
the DA through increasing SMC migration.

It is known that the differentiation of DA SMCs pre-
cedes that of other arteries [26, 27]. Nevertheless, we were
surprised by the considerable number of cardiac-type sar-
comere genes expressed in the fetal DA, although it was
much less than that in the aorta. The present data suggest
that prior to complete differentiation, vascular SMCs may
retain a high degree of plasticity, which allows them to
modulate their phenotype [28]. Interestingly, through the in
vitro experiment, we found that the effect of GH on the
expression of the cytoskeletal genes was not always con-
sistent with the tissue-dominant expression patterns that
were identified by DNA microarray analysis. Therefore,
factor(s) other than GH may determine the tissue-specific
expression pattern of cytoskeletal genes in the DA and the
aorta.

More importantly, we found that GH downregulated the
genes involved in a smooth muscle-like contractile phe-
notype. Consistent with the result, we also found that GH
downregulated myocardin mRNA, which is sufficient for a
smooth muscle-like contractile phenotype [28]. In addition
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