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Comparison of placental endothelin—1 (ET—1) expression under
hypoxic condition between normal versus preeclamptic pregnancy

Yong-Won Park, M.D.*, Ja—Young Kwon, M.D., Young—Han Kim, M.D., Yuri Kim, M.D., Jae—Hak Lim, M.D.,
Muong—Hwa Kang, M.S.*

Department of Obstetrics and Gynecology, *Institute of Women’s Life Science,

Yonsei University College of Medicine, Seoul, Korea

Objective: To evaluate endothelin-1 (ET-1) expression in the villous explants from normal and preeclamptic (PE) placentaec under hypoxic

condition.

Methods: Villous explants from normal (n=5) and PE (n=4) placentaec were obtained. To obtain hypoxic culture condition, villous explants

were cultured in hypoxic chamber or treated with deferoxamine (DFO). ET-1 mRNA expressions in villous explants were evaluated by
RT-PCR following 0, 24, and 48 h of culture in hypoxic chamber, and 0, 2, 4, 6 h following DFO treatment. ET-1 protein levels in

media were measured by enzyme immunoassay.

Results: After 24 and 48 hours of incubation of villous explants from normal and PE placentae in hypoxic chamber, ET-1 mRNA and

protein levels were increased in both groups, however, ET-1 production seemed to be more exaggerated in the villous explants from PE

placentae. During 6 h of DFO exposure, ET-1 mRNA level was increased in the villous explants from PE placenta comparing to those

from normal placentae (p<0.05). Interestingly, the increase of ET-1 mRNA expression in the villous explants from PE placentac was more

exaggerated than those from normal placentae. Concordantly, increments of protein level between 0 to 2 h and 2 to 4 h were significantly
higher in villous explants from PE placentae (p<0.05).
Conclusion: ET-1 mRNA and protein were increased in villous explants from PE placentae compared to those from normal placentae under

hypoxic condition. Furthermore, villous explants from PE placentae showed upregulated ET-1 expression upon hypoxic stimulation. This

enhanced sensitivity to hypoxia may contribute to ET-1 overexpression in PE placenta in vivo and it needs further investigation for

clarification.
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& sk} QAR AF, AR, H5E, ¢
£% 9 AR olold 4 QIEL! B4R 201595
X A%, AT T Y, s, S0 2, v
A LS S-o] QAFEZ| Wy} B Sl
31 353 QAR ob A V1S WE ozl
of Itk Shuk e GliSo] HAAFAIS] el

4l gjvl 5]& (abnormal placentation and placental
vasculature insufficiency)®l| 7]Q1gF Ao 2]5f
o'l 574 =lo] wH|Eo] Yalel FykxAlo| A
SromA EyhfjuA|ae] o]4s xefsto] w=4e

Wdsdol vehd Zlofek= 7ol =

GEa1 9k 0 &, dytke) 3 7% (vascular
tone) A 7% A Yo AR gt R
Ol STk TR 3":}14134/\1]:54 S 2
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5ol W A|aEe] T]Eol ol ko
iy ‘?j}‘} %éj 2 tumor necrosis factor—alpha,
interleukin (IL)— IL—lalpha, IL—abeta, Fas
ligand, oxidized lipid products, neurokinin B,
agonistic autoantibodies for angiotensin receptor—
1, endothelin—1 (ET-1), soluble fms—like tyrosine
kinase—1 (sFlt—1) So] &4 =g * ¢ o] 2= ET-1
o spnfa Aol ARl Wl ol HI A8 A
(intimal smooth muscle cell)®]] ZA5}= ETs 8-
o Zkasto ga] 7JEsh di =28 Joy|= BERE

ol—gqxq Oh—/}_17 Thara 1:184 Ho] whEm AR O]

% ET-1:2 4l 7I7Hs<t vidAl o da} w53t &
TR GRS B ook et vy EekE Fukeh 914l
71 Al 7k Aol & AR Aol 5
ET-1 %9 2715 Holx| it} iy Al
Ao A= % ET- 101 ey UTOH H] 3] —t—%‘zb’% LS

3 Qe e ﬂlaoi 19131 Sl HELLP 55
o] HykElo] Qs A9 ET-1 51} 6% i 1
Fslo] ojalzEzzol Weje]slA] 7| Mo ET-10] 3

$}xlo] ek 2] W endothelin—1 (ET—1)2] &3 v

oft 71 A% ANl

ET-10] @afjulA|2 & opyet FpAa, =}
B, o
(trophoblast) oA = TS == //q\ l
$5% A 27k Br-10] B
S TRsAo)] tlE Qa0 43 % Napolitano
Sho| ouEEs Abwel ulejopatasol s A
Ato] Zlof wls ET-1 mRNAS] o] S7 ke of 2L
Ch QIR o2 SUAS 2k g B o
o A+= explant villous culture model& ©]-&3}¢]
A AaZ Alefoll A1) A} elAlT) oAl == Ak o)
Bubes] vo] BT-1 wa s sk steld

E

AT YL

riok

Rt BN CHERO| e

Eloll M Bt Al % Al 205 o] F 557 &
o] 140 mmHg ©4 Ea= o]€k7] @eto] 90 mmHg ©]
Ayo]HA] 300 mg/24 hrs F+= random urine sample
o]|A] 30 mg oJAfe] thill L E Tl O oA 2E=
O 2 AehslRlal o] B Akt (=422 7ol
T} AALo gl olA] 2 FolARo|L} Tl o] 27}
7} g9l Atw R S (n=5). thEUAl, EfEREHR]
3wl 7lek ksl Asto] sy S Aol AelA
ZAek, - dsol] sEakel AbE v QAR 9 et

(il

= Aoz AR Ee dojRl Efwke ARESH
AL, M= A EH] gl R EEEE 1A1RE o]
Woll olstolHith, §HHTE Bonyo E79| WS o]
a5, 7S] SoRaA dpol HhS el
2 bl R St Al o] B AR T
blunt dissection<r Fof Tt} & HE3 A| A5}
A}, 71 Fo g1 £HE 5-10 mg £HOT 7Y
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5 Tt Algigo] BRI SHA 000 me 10%
fetal bovine serumd} YA 7} A 7=l M199 medias
T2 6—well plate?] Z1719] wellof =1l ¥5F 4] Hj)
oF AMef|¢]l 5% CO, balance room air (nonhypoxic
condition 21% Op) oA 4AIZF A= o] QPFSIAIRT -
of Aol Xsystelet,

3. Hypoxia2| xz2|
AR B W] SIa) Ak eIek se)

& 37C, 5% CO, HiF7]ollAl HiEHIL, hypoxia
oF 2745 938 37C, (1% 0,—5% CO,—balanced
nitrogen anaerobic system (ThermoForma, USA)O]
Al BljoFst ) Chemical hypoxias {84l 100 uM
deferoxamine (Calbiochem, San Diego, CA, USA)E

A3,
4. Semiquantitative PCR

Hypoxic culture F+= DFOES A3} §24H
S5 HE RNA extraction kit (Promega, Madison,
Wisc., USA)E ©|83}o] total RNAE s}t
F2]% RNA (2 ug)+= oligo dTE primer= sjA] H=
A} (reverse transcription)S AA|SFITE Reverse
transcriptions =%+ AR A DNA (complementary
DNA, cDNA) AHA T
transcriptase, Fomentas life sciences)& ©|-&31°.™
olufl:= 70°C 10 min, 37°C 60 min, 70C 10 min A}
B3}, % cDNAE ARE 27HA] —20Cof Rt
At

PCR (polymerase chain reaction)> BIO—RAD
my cyclers ©|-83t0] =3 E|qc}t FH]E RT-PCR
MAHEO| ZFZF9] primer HIF-1a, ET-1 “18]3l

housekeeping gene?l B-actine thzwt (control) &

T2 (reverse

2 ARSI 059 primer sequencet= TR} 7
AT,

HIF-1a (F) 5 -CCTGAGCCTAATAGTCCC-3' (R)
5'-GGTGGCATTAGCAGTAGG-3' ET-1 (F)
5'-CCAAGGAGCTCCAGAAACAG-3' (R)
5'-GATGTCCAGGTGGCAGAAGT—-3' B-actin (F)
5'-AGGCCAACCGCGAGAAGATGACC-3' (R)
5'-GAAGTCCAGGGCGACGTAGCAC-3'

0] 59] A3l A= 94C 5 min, 94°C 30 s, 60C 30
s (HIF-10), 62C 30 s (ET-1), 65C 30 s (3-actin),
72C 30 s, 72C 7 min© & AJgY3}t}t, PCR A=
& 1.5% agarose gelo| A 7|95 &3kl EA|
71 % BASlTh RNASKS HShE O laser
densitometer®} analysis software (IMAGE READER
LAS-1000 lite, Fuji Photo Film Co., Ltd., Japan)&

olg:sto] s},

5. il ET-1 £F

ET-1 $4&, "= R&D SystemAol|A] F-¢i7t &
AHA (enzyme immunoassay)?] ¥2S o]-&3h
human Endothelin—1 Immunoassay kitS ARE-5}%
o, aetsba BT-1 A7 2ol Sl welwe] wel
of ANt ujFolS Far A2 A IAIZE HEGA]
| U2 62] Al Aeha-gdom Aasiaint o1 5 713
NS Fof 307 A=A WA F HAEHE
& v W 575 o] 85| w1 620 nmoj|A]

T ki), ET-19] 574 "%+ 1.0

pg/mLe| ALY,

O ol op [\
to o

s
Ay

6. SAEH x4z

SAA = UE--§ SPSS 12,0 ©]838}o] Mann—
Whitney U test® FAA 2513l 0m §-9)4d-2 p<0.05
2 71208 3k}
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g2kl Eful %2 W endothelin—1 (ET—1)¢] 2& vl

Table 1. Clinical characteristics in normal and preeclamptic women

Control Preeclampsia
(n=5) (n=4) P
Age (yr) 30.0£3.8 32.6+4.2 NS
Gestational age (days) 260.2+16.0 250.2+12.4 NS
BP (mmHg)
Systolic 117.8+£8.3 177.0+10.1 0.02
Diastolic 73.3£7.0 97.2+11.2 NS
Interval between diagnosis and delivery (days)* NA 12.4+8.7 NA
Birthweight (g) 3134.4+428.1 2380.0+862.4 0.03
SGA (n, (%)) 0 (0.0) 2 (40.0) NA

*analyzed by Mann-Whitney U test
NS: Not significant
NA: Not applicable

sty GAFEe] EAL Table 13} Z9kaL 7]
At 2ATS AlQletale F o Atolell §-ogk 2t
ol HolA] okglth

7 O] RS AAkar HiFT] oA 48AIXEIA]
vjoksl & gAY HIF-109} ET-1 -4} e

= HIF—1a mRNA= Xlﬁmoﬂﬁ A 2
b 5ot wEA S7HE AT o] 9 fhasl=
¢l WA Aol A= 484714 “Jd >
B} (Fig. 1A, 1B). A7) ¥ ET-1 %ij}

ot oA ARl W FUF S E
Abtal 2gktof| A 0, 24, 48A)1714] ET-1 E} e 1
Z¥zF 16211 vs, 4.7£2.2 pg/mL, 2.0£1.2 vs, 18.9
13,4 pg/mL, 4.4%1.3 vs, 25,6146 pg/mL= A
Hlal Aehltol A f-ol8kA =3kt (p€0.05) (Fig.
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= DFO o & Al 2 yaksiolt, 7|1 x A9
DFO 100 uM £o] 3. HIF-1a mRNA %% #H37
S5AIZE Yoll §518E - KAttt o] fHadh= &
A2 Hoj, gAHES o83k DFO A% %412 DFO
4= 100 MO R =EARE 6ARIAE SFoITH
(Fig, 2).

7k o] §HAHS DFOO]| e
7 HIF-1c®} ET—1 mRNA®] 4}
3A). HIF-1a mRNA &S AstoA] o 32 o4
olglevt Tt Vel —Er TollA FAREAT (Fig,
3B). 3FH ET—1 mRNA 212 AgktofA] ©] &=9ko
1, DFO o] = AAIW7IA| g ASH| S71ohe =
HAd v Adatoll A= 2ol FREAR] S B
oIt} (Fig. 3C). AARLTF A315Lo] DFO £06] 2, 4, 6
A7 BET-1 o sl 7k7b 9 040.6 vs, 4.241.5
pg/mL, 4142 4 vs, 17.6%2.5 pg/mL, 6.7+3.3 vs,
20.4%4.8 pg/mLE AZRroA FoEhA w3k
(p<0.05) (Fig, 3D), DFO $o] 3 2A|7b71A], 20014 4
AZI71A1 O] BT-1 ©Hfo) F7pko] AghtofA F-2J5t
A == o = ATk (0.8+1.2 vs, 2.741.4 pg/
mL, 2.441.1 vs, 13.4£2.8 pg/mL, p<0.05).
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PE

T:::)P 0 n 3 0 N s
R — o g =
EI-1 (190bp) ' y I

al — — — — ——
t

ET-1 HIF-1a
120 100
< 100 g 907
: HE
e E 60|
=Y i —~—NL ] | —-NL
; 50 PE s %0 PE
% I / Z 40t
E 40 5 30 |
B 920 | & 20 r
= E 10t
0 : : 0 I !
0 24 48 0 24 48
B Time (h) C Time (h)
30 jd
3 .
& g o M-
B
il o PE
EL 10 Fig. 1. Changes in HIF-1@ and ET-1 mRNA (A, B, C) and
B z protein (D) levels in villous explants from placentae of normal
I ,_l_‘ . . . .
’_L and preeclamptic pregnancies cultured in hypoxic chamber
0 ' ' : (0<1%) for 24 and 48 h.
u 24 48 #p<0.05 by Mann-Whitney U analysis;
D Time (b) Bar graph expressed as mean+SD;
NL: normal, PE: preeclampsia
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DFO (100uM)
Tme) | 0 [ 1 [ 23] a]s]e]7
mrocion T
HIF-1q.
140
<920 t
g
% 100 |
& 8o |
Z 60
s 40t
& |
= 20
0
3 0 1 2 3 4 5 6 7
Time (h)

Fig. 2. Change of HIF-12 mRNA level according to DFO
exposure time in villous explant from normal placenta (A).
HIF-1 @ expression was increased the most during first 5 h
and decreased then on. Graphical summary of the data for
HIF-1a (B).

DFO: deferoxamine

LA

ET-1-2 d¥hfjaA szl A &ulsl= 248 5 7P
ot F= 522 angiotensin IIH T 108 A= Eﬂ
el Ao keiA GInk mheb) e Tl Ak

goll ET-10] i Zloleh= 7Hdel 238 vk= o

So] Wt} 9378 e (pulmonary hypertension)o]
K= dol A EE Hdel 2Rxpe] #Hx2]of|A ET-1
of wredo] 24l o w3tom Aol F52 5 ET-L
Erol A AE w7 ubgduEel (chronic

hypertension)of|A] Al SIS ZH= o] vl d=

O

rlr

=
ET-1 %57} $9kom Br-10] o3t Bphige] 47
so] giehe W7k gol 9lek® Ohno H2 w19}

$}xlo] ek 2] W endothelin—1 (ET—1)2] &3 v

7 oA ET APAIE Fofste] S 10% A 7t
2 4= JQltaL ste] WlA ET-10] ?:i!?j*% =7t
oF Zolek= TAE AAISHIAL, Sedeek
52 ET-12 Folalo] MY fdlh 3 mdlof A
ASIAAIAIE FolstolS W A7 52 o5l oyt
A A 4= SISlekaL sto] ET-10] gk 11EQt
of & AAF (r
ofgt 7he/dS Harsieltt,

n)
g
of
o

eactive oxygen species, ROS)¢]| i

W 5ol ET-10] o] ofdake v Zlo]
ehe 212 AXSL QIek P Amin E9L k)
HEo] BT-18 JAA7) 15 o83 ARelH 85
BT-19] AR5t ) AR Bl ulgAl st o
ThjE| A3z 0] sAto] AT o AksHY =R 0] 27
4 nitric oxideo]] 2J¢t o]k AFgo] oAAEHS HIl

slgict ®3F Dong 572 ET-10] @ahjju]A)szo]A]
NADPH oxidase?] @3S E3] AISd AEYAE
fakshckar ®arstelct &, ET-12 of g 7HA] 713

3] AR H o WA 2o

2~ 0] O oF A~ o
TooaxTm=E 28 T

i)

b

'_Qo

ET-12 gato] tfeh A8 Qojlte H5HES-of ot
the ®Hu7) Qlt}h Molero 572 E5413 0|4 ET-19]
Al W Rol| A TRl
@} ZZ]91A} (tissue factor) Q] WES S7MAIZICEAL B}
AL}, ERt U SRS ET-10] WERe) Skl A
oA AZHER} (adhesion molecule) ] WE-S Z71A|
710 24 interleukin—62] HH|ES Z7A|71ttal H 115}
7| SR

ET-1 U]
Qltl. Wong S
o|-83t F=AolA ET-10] 4

o= a2 u

cyclooxygenase—2

SR Tofs ACR AA
=90 [ 2293 2814|9] bosentan
Do) ek 54 527
% (inner medullary collecting duct)®] arginin
vasopressin V22| Wal2 Z7FAZ]1 0 23 LEF I v
A 20 W ool s 2 A5 Aslele &
3 Lo 572 =5 @A WotuA|zof A Hu|El= BT-1
el A
(blood—brain barrier)2] £Alo] 2| H O Z MR H4E
A} Aol HAEReAL SFGAL BET-1 -84 A&

o] ¢J3}] junctional protein©]

- 1849 -



o) A3 %] |49 A)935, 2006

Time (h)

DFO (100uM)
time | oh | 20 | 4n | 6n
HIF-1a
B-actin [
HIF-1a ET-1
120 100
g | Q 90 r
g% T 80 f
% 80 / 'E 70 /\’/
g I ~NL 5 601 ~—NL
< 80 PE g % PE
g 2 40|
E 40 E 30 f
) D) 20 +
E 20 g5
= = 10 |
0 1 1 1 o 1 1 1
0 2 4 6 C 0 2 4 6
Time (h) Time (h)
*
251
|
20 = ‘
- L 0 NL
% 15T O PE Fig. 3. Changes in HIF-1@ and ET-1 mRNA (A, B, C) and
‘% protein (D) levels in villous explants from placentae of normal
% 107 * and preeclamptic pregnancies exposed to DFO. Graphical
E* 5l i summary of the mRNA expression of HIF-12 (B) and ET-1
E' ’_'_{_L]] ’—L (C) demonstrates more sensitive increase in ET-1 expression
0 %Ei? ) L. | ! | level in villous explants from preeclamptic placenta.
I 2 4

#*p<0.05 by Mann-Whitney U analysis;
Bar graph expressed as mean+SD;
DFO: deferoxamine, NL: normal, PE: preeclampsia
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HhE-21 2] 571 ArtaT AEjelA AR AT s

VQ

Eojalo] WaAto] TS ZpAgrHs A ANE W
SlSlT), ol 384 W&ol ET-10] hofdt Zlole}

L 7)80) FAES SIS S Aol

i

%, @% Eb 24 o] 7 BI-12 o] 7188
Bo) AR Bk AR FIAA A, Bk A,

o2 o
olN
Jo
Ho>
N
j>
S

A& 9 22 (water retention and
edema)& Zeffd 4= Qlth= Z10H] o] 23k Hak= ¢4l
TESoAE wie- SAAolEaL & 4= v

ol/\ BL‘oﬂ/\i 7( }oﬂ u]—g,—H T—lO] 57].Q01 0101
ET— 10] oAz 2=o] HeAlle|ala] 7| Ho|| 293k o
Zlolgkar AZEE| AL Qlu) %9 Ak Abmo) w)
ol P4l 55 EARIA B ET-1 5=/ 571
QLo B Q1 AIR} ol A ET-1& ol & FulEe)
o] F7kstal, A eI FIE HaElon Tl )
P = 01 M= 5%8 P4 SE5ollA 544
4 XP%LEH g‘%"‘] s
fFoske] Ed
45 D]—/\‘]X-] o7 X]—%LEHH]— =71 7¢
e S e
Z9| A9 ET-1 FR|7F Sk 9dcks ®av) 9ok
Margarit 572 QA 1750f Q12 ok ET-12 =74
B Ak P RGOl WY Bl ET-1)
o F71Eo] 8-S BusleA QIFEEIN 571
= Er-10] ot HalsAEe] Lo] olzel ol
o4 7] ZE] Ak 715405} BRo] BT-10] Q4]
FESO] WAL 5T i AR AR - AL
Aolet sieick

25 BT-10] FEYIAE B o} el S8
OFAJSE (trophoblast) oA FHAE 0] HarE]gli=g) >
o= 313 Abe|O] kol ] HH]El BT—10] QlAIZE
ZolHe] g BT-1 7ol 7]ofat /s A S AIXISIaL
ek, olu] e QBN S el 9% e
/d cytokine, sFlt—1, agonistic autoantibodies for
angiotensin receptor—13} Z-2 49| FH|7} S7}E]
of 2412191 AT AES] T4 9 AR

i)

T
T
oZ
Oll
N

o
o
_\1
\-H
O
o
J

2

o L o

olgl= 7MAS SIRbEl =31 Q=] ET-1 L3 0]9)
GAKek Zole} AzhEc % McMahon 5772 ET-12)

© A
Napolitano 2ol o] Lo ul= xgxopotmﬂ} SPES
Aol A 2] ET-1
94 HEP@_% ]ﬂ_o} 7&4 o)Al ‘z;‘i—‘oﬂ A sl 571
18-S Hagh v Qi
B0 Lo Al AAbaz AbEjol A AA} ekt o)
Bt A W ET-12] W
o oA ET-19] HHeo] &4k
FEfof] ezl AI7P°ﬂ et SRS 4 AUl
3] YlFES gte] GrdHolAl ET-19] UElo]
7FEE Elskieh, vkl U ET-1 vh] 5 S
AR ;AR e Heloh SrRRE e
7o W BT-19] W S/ YAlEES At
SR B IFEo] dous Fe HAre
Zlolet, 7 +3E DFO #|2] & syl Uf ET-1 ) 5

P> r
&om o e >

¢

r 1o

.

[e}

o] F7ke] E& wlaugh Aut AA] JAlFHETIA F
OlaHA| =Skt

AAraT-2 BT-1 8] S7Fet A Hwlo] Utk

>

AL A Qleh ALk Aol Al S71HE hypoxia—
inducible factor—1 (HIF—1)©] ET—1 promoter®] &4]
S}+= inverted HIF—1 binding site¥} A3%ts}o] ET-1
o] Z71ERs ol L A|Hole* ANeEE 5
0% s AR, Ea) el HA BT-1 | Frhe
24 ) bR HIP-lo] ot Aolels Akt @
oL e Ee SR S dUFEFe
5 il HIF el b I 4942
JbEoieRe Bk ek urebd] ke

A5 AR EiHk ) ET-10] g4 ‘Jﬂoﬂ H]sff
A Z715 A HIF S3y) A o] Azl & 4=
WA, el AN A T} AEES o
Wl HIF-109] 27} JES ulwak Sl o5 bk
fom], W GO £ AR o 2L A
S0l 1BAY] T HIF-10%] Z7hReh vl 27}
I wt Afolof] £ zpo| & HolA| ool M BT-1 e
7= HIF-1a o]2jo]= ofH th= 7]5lo] Hofdk A
ofe} Yz,

o

N

A

=
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7} Z71E=t),? AFsHAd stress= ET—1 precursor
mRNA W&l feehefal A e, E3F heme
oxygenase—2 (HO—2)&= Ak Aefol|A] o] &
71| o] ROSE| Y2 AT = 4] ET-1 mRNA &
= ARG - dAlsssollAle Al Bl
EHE W HO-29] ‘glo] At} Sl A Sl
o}, 2% whaba] Aakag Aol A HAb edte] wlsf ¢
2555 BN WellAl ROS7E aHg/d = AL HO-2 e
Aetz QI8 ET-1 AA|7|so] AHCEH ET-10]
PR GE TRs/do] AT SHAITE i AR A =
ROSY HO-29] W&l i1esh|= S5t3lt,
AsAeor & A4E B8l AAES ALk Aol
A ET-1 mRNAS| {9 chal ALk A 4to] vlsf 9
2l S5 Abe] g AR A B F7HE S okY
ot AAlFE52] Bivtol A ek gk Ao Aakas
Al Wkgske] BET-19] S717F o 2
al

|
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