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Expressions of Norepinephrine Transporter in Pre-eclamptic Placenta

Kyu-Hwan-Nal, Hyun-Jung Lee’, Jieun Jung1 and Gi Jin Kim"'

]Dept. of Biomedical Science, CHA University, Seoul 135-097, Korea
’Chabio & Diostech Co., Ltd., CHA Stem Cell Institute, Seoul 135-907, Korea

ABSTRACT : Placenta has been shown to be a site of expression of several of the monoamine membrane uptake trans-
porters. However, the correlation between the expressions of norepinephrine transporter (NET) and placental development
including gynecological diseases is still unknown. To investigate the expression and functions of NET in placenta, we
conducted to compare NET expression in normal and preeclamptic placenta and analyzed the function of NET in
HTR8-SV/neo trophoblast cells after NET gene transfection. The expression of NET was analyzed in placental tissues from
the following groups of patients (none underwent labor): 1) term normal placenta (n=15); 2) term with preeclamptic
placeneta (n=15); and 3) pre-term with preeclamptic placenta (n=11) using semi-quantitative RT-PCR, immunohistochemis-
try, and Western blot. In order to evaluate the function of NET, NET gene plasmid and NET gene-specific siRNA were
trnasfected into HTR-8/SVneo trophoblast cells for 24 hours. NET had low expression in the pre-eclamptic placenta
compare with normal placenta but no difference in western blot data. NET was expressed in the trophoblasts, and the
up-regulation of NET gene stimulated the invasion of HTR-8/SVneo trophoblast cells by 2.5 fold (p<0.05), whereas the
NET-siRNA treatment reduced invasion rates. Also, we observed that the expression of NET induces to expression and
activity of MMP-9 in HTR-8/SVneo trophoblast cells in zymography. The results suggest that the expression of NET were
reduced in pre-eclampsia and should be inhibited invasion activity of trophoblasts. Therefore, these findings provide useful
guidelines for the mechanisms of trophoblast invasion as well as for the basic understanding of gynecological diseases
including pre-eclampsia.
Key words : Norepinephrine transporter, Placenta, Pre-eclampsia, Trophoblast, Invasion.
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o] st =ed, o
Fv WAy A
AL AAAE %a‘%{ 7| Zefetrloz) Al F
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71 A% BlHk2nd trimester preelamptic placenta)(n=11),
)3 27] A7FA% Elk3rd trimester preelamptic placenta)
(n=15) Aok Bra gigke] go} & g
Eoteto] gigke] 7)Aw B9474A] £33 FH FHE AF
ato] RNASH @ d 45 98 A A §59F
—80Cel BA3IAY, HAFFEA S SalA HivrzZ
OCT compound(SACURA, Tokyo, Japan)S ©]&3te] 2
A7 & =80T HAsTh

2. UM &7 Y3 MIZF(HTR-8/SVneo trophoblast
cell line) HHQF

AAl %7] o oFubA| 591 HTR-8/SVneo trophoblast cells
< Dr. Charles H. Graham(Queen’s University, 7] U thZ
8 AFEHAL, 100 U/ml penicillin and streptomycin
(Gibco BRL, Logan, UT, USA)$} 5% fetal bovine serum
(FBS, Gibco BRL, Logan, UT, USA)7} A7}l RPMI-1640
) ] (Gibco BRL, Logan, UT, USA)9I M 37T 2%olA 5%
o) COE AT W) el ekeleleh, A7) oF 80~
90% A %9 confluenceZ A5t W 0.05%<] trypsin}
1 mM EDTA”} 37 TrypLE Express £ 9(Gibco BRL,
Logan, UT, USA)2.2 287 A5t A EE wojd & 7

il g2 QAT

3. AYUNZEF0AMS NET Plasmid2} siRNA Trans-
fection

pcDNA3.1/V5 @& W] F29 ¥ NET Z2tAn =
st =oft] A3 Ay RFE AFEAL, HTR-8/SVneo
trophoblast cell®] 50~60% A}5t2 o lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA)S ©]43}¢] transfection
AlZD & 2407k F3t v Fst ek whd, NET F4249] 715
S AAS F 93-S £4351 24 NET siRNA duplex(NET-
siRNA, Bioneer, Daejeon, South Korea)s &4 oz
A o FErA 2ol 244 7F 59t transfection A 7] & 7+ Al
LES 3559 siRNAE 913 NET 97I1MEL 5-
GAUUUCGUGACUGUAGUUU-3’(sense)9} 5’-AAACU-
ACAGUCACGAAAUC-3’(antisense) S AHE3H9 3, &4
thzoll tig siRNA 714 E 2 5°-CCUACGCCACCA-
AUUUCGU-3’(sense)? 5°’-ACGAAAUUGGUGGCGUA-
GG-3’(antisense)E A3} %Atk

4. Total RNA &2| ¥ Semi-Quantitative Reverse
Transcriptase-Polymerase Chain Reaction(Semi-Quan-
titative RT-PCR)

HTR-8/SVneo trophoblast cells?} BJ¥FO. ZHE A 3
Z]2 7}7} RNeasy RNA isolation kit(QIAGEN, Valencia,
CA, USA)9} TRIzol reagent(Invitrogen, Carlsbad, CA, USA)
£ ol&ste] RNAE FE36I3ith 53], Hiwte] 4§ —80Cel
BaAe gt 235 AR ALE o] §ste] HAAPEE
St T TRIzol reagentE 7}3t3l E&ollAl 1027 WAl
< sonicationg 3% T}t %3 RNAE Nanodrop spectro-
photomer(Thermo scientific, Wilmington, DE, USA)E ©]
£35ko] FFstdrt. £33 1 ug RNASH 50 mM oligo dT,
10 mM dNTP mix(Invitrogen, Carlsbad, CA, USA), DEPC-
D.W.(Invitrogen, Carlsbad, CA, USA) 52 ©]&3le] 65T
oA SEZF W-2-A7] 2, 5X first-strand buffer, 0.1 m DTT,
RNase-out, ZL2] 2 superscript III RT(Invitrogen, Carlsbad,
CA, USA)E #71e & 50TolA 1A17F, 72 CollA 1587+
HH3-5tel cDNAE sttt 4% cDNAE 217k 71
Zel EAAXEH Eo]F9] Zlo]w 9} H-Taq polymerase
kit(Solgent, Taejeon, Korea)E ©|-&3}9 3, 7he Fet7] Edl
2XH ZEoliE 5-TGAAGACATCAGGAAAGGTGGTG
-3’(sense)¢}  5’-CAATCAATACTCCAAATCCAGCCC-3’
(antisense) S AFESIA L, hEFO 2 AREE 285 rRNA
goln /ML 5-TTGAAAATCCGGGGGAGAG-3’
(sense)?t 5°-ACATTGTTCCAACATGCCAG-3’(antisense)
o2 o]§3l9 Semi-quantitative RT-PCRS A A5
PCR product™ 1.2% agarose gel(Cambrex, Rockland, ME,
USA)S AHgste] #7195 ez E2AZ & 0.5 my/ml
ethidium bromide(Promega, Madison, WI, USA)Z &
< 3} Quantity video image analyzer(Bio-Rad, Hercules,
CA, USA)Z E3 DNA WI=E AzZt8o g gelsgith
Zkz} S&% DNAY B ol & 1167 flsto], 2 W=
9] intensityE Quantity One program(Bio- Rad, Hercules,

# FE5te] 28s IRNAS] B S 7|E02 7 1
d AEE Agstete fAAe] FE s v E4e
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AE AH 42 24-well cell culture insert system(8 /m
Dickinson Labware, Bedford, MA, USA)
% o] &3], A9 insertell 7t welld 2.5x10*4 9] A XES

Fate] 24417k Ft v Fatsich v & HE-S ]85t
insert 9ol Ho} & JFL MTES A AL, JU% Al

pore size; Becton

29 Ffo] o] Fo1x insertd] obf FEE HEES ol&st
o] ¥4% F Mayer’s hematoxylin(Dako, CA, USA)S. =
3 FAS AN, ANE A FE ATt &
A= T4

6. HAYLHMY S 0[St NET 2ol 24

10 m FAZ Y5 29 gitzd S F HeEE 108
v 1A3ka, PBS £902 FAS gluk 239 blocking

solution(Dako, CA, USA)< ©]&3ate] A0 30&7F ut
A7l & anti-NET 84(1:100 84, Chemicon, Temecula,
CA, USA)E Z Ao "ol F 4Tl A 350 FoF wkg

AZth 1 % PBS S0 2 F4
yanate-conjugated ©| <} 3| (Alexa Fluro 568, 1:400 3]4,

% fluorescein isothioc-

Invitrogen, Carlsbad, CA, USA)E ©|&3}o] 4204 30
ZH WS AIZL 3 PBS £902 FASI T8 ¥ Uz

A S 95te] DAPIE 3 %59 &9 (Dako, CA, USA)
< o]&ate] BYs + FFdr % (Axioskop2, Carl Zeiss
Microimaging, Germany)< ©]83}e] NET @d S HAJ5)
Ak
AN .

7. Western Blot FA10f 2|5t CHEE 2 M

el k22 gapale s} sonicatorE o] §-dke] s sk
2 AZe NET7F 9% Al 2= PBS £94(Gibco BRL,
Logan, UT, USA)2.Z A #3}7, 0.05%2] trypsin 1 mM
EDTA”} 37t TrypLE Express £9(Gibco BRL, BRL,
Logan, UT, USA)SE FHAIA A= A2E 7
stk 35 ¥ M2 protein extraction solution(Intron,
Seoul, South Korea) & 378 & sonicatorg ©]£38lo 1}
Hapaich shfE Bz *ﬂ?ﬁl“ 4C 2] 204 12,000
pmlE 1587 AR E & § F5dE FAsAeH,
@A o] 5= =BCA assay kit(Pierce, Rockford, IL, USA)
g o] &3t YAt F 40 g9 FH AL 95T &
A 58 Zok uke A7l 3 10% SDS-PAGES %3] 471

=2

w4} 44

SA1A PVDF membrane(Bio-Rad, Hercules, CA, USA)
transferd} $1th. Membrane> 5%<] ©2|%(BD, Sparks,
MD, USA)ell Fo} d-Zox 1A7F ¢ w5-A171 - anti-
NET(1:2,000)¢} anti-actin(1:5,000 3]4];
chnology, Santa Cruz, CA, USA) 5= #7tsle 4T WA
o A 3tk Ft WA ZATE 1 F horseradish peroxidase
(HRP)-conjugated rabbit(1:3,000 3]4])(Bio-Rad, Hercules,
CA, USA) == mouse(1:10,000 3]4])(Bio-Rad, Hercules,
CA, USA) 2a} A= A2 A 1A7F 5 vHAIZ1 & ECL
Advance Western blot detection kit(Amersham, Piscataway,
NJ, USA)S AF8-3td peroxidase &4 WER A Zts}a}
of gz W1y A&t

; Santa Cruz Biote-

8. Gelatin Zymography £

NET-pcDNA®} NET-siRNA transfection®] ™ HTR-8/
SVneo % FPHAZFol A Sl MMPs EAEE &4 84
zymography 2 A A1kt 2x10°70¢] A Z S 6-well culture
disholl 747} E538ke] 24X 7F Fot wigst § 1 oo
3]stk 3lE W Fd 30 WA S 1 mg/ml FE] At
©l(Sigma, St. Louis, MO, USA)Z 3§38 12% SDS-PAGE
Aol st H71gsaAth A719%F ¥ A< renaturation
buffer(Bio-Rad, Hercules, CA, USA) €95 o]&3lo] 15
BR8] FAE L, 2R5E 7Hd3] A 5 development
buffer(Bio-Rad, Hercules, CA, USA)E o] £3}o] 37Tl A
st Eob WheAZATE 1 3 A2 Coomassie brilliant
blue R-250(Bio-Rad, Hercules, CA, USA) £ 07 420
A A T G AASIE, 2 §9(10% acetic
acid/40% methanol)& ©]-&3te] WME7} YERE W7bA] @A
AL Azt WiEe] o] wE MMPse| €43} 4

& et

==

9.

RT-PCR %h3- & 873 e uba} 2703 B gkell 4 9] NET
Hd AJE+= Student’s -testE E3 S8, p<0.001
ol Ml W FAXHNCE o5ttty #HA UL, NET
plasmids transfection & AE 3 279 AXE 49 W3}
52 SAS B4 Z2 13} Analysis of Varian(ANOVA)
Z2WE o] 4314 tukey’s multiple comparison test 2

Scheffe’s multiple comparison testZ 753492 ™, p<0.05
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1. EfEF =X L NET mRNA 9| gl 2M

gk Yo 2] NET RNA 23S #4317
g ¥ (n=15), 7] A5 Hvkn=11), 2183 T

= Hikn=15)< ol&-atod, BjNte] T F9loh FH R
TE3HA AL, B ol § R 2 (chorionic membrane)e X
o] Bjyhe] AR & R.91Ql BetehR] 225 3]9ske] 28s
RNA 28 2S 7|50 2 semi-quantitative RT-PCR 4

AAlerdnh R T F9lolA 9] NET mRNA 2d
A% kA 3 7 A7 iR 27 RRol A FA 8
FoAde] AAE Ao p>0.001, Fig. 1A), eluke] 1
9914 ¢] NET mRNA &S A4 ejuts e} 7] 2704
Efutel| A o] W Ffo] dAEHA TAEHJSH, FAT
FolAd o] #2E U Hp<0.001, Fig. 1B). Z&1}, &7
7% HiNtol A 9] NET RNA 2 thA] hase 237t
HAo, G4 gubste] v e BAE /94
HZE A FATHFig. 1B).

o ri _IZi ofN 4z X rlo o
Rk

rJ

N

. Ef¥E X Lj0jAQ| NETQ| e 24
NET $A1E olg3te] eyt 23 oA NET &
135S Western blot3 W 8§39 MW S o] Late] B
Ak, 39 R Fu RS TS A4 e
1

—

Wt A7k
A% ejure] NET 994 wa9] 2ol #3494 gt
(Fig. 24). A9 AFGA S 0§ NET 28 44 )
o AEGF ATNH FBHAT, B4 B 47
Z ejwho] 4 NET 2lo] 94 At ool #2359t

3. NET Transfection} siRNAX| 2|8H 2t M ZEZ0f
Mol NET &
NET plasmidE 0.1 gg/ml| A 1 pg/ml 52 HTR-8/
SVneo GUT M EFE 2447+ =9 transfectionr] 7] &
£ EA3t 23}, NET plasmidE transfection
A7NA B2 &4 dEFAAE % NET mRNA 23 o]
#HZE oY, NET plasmid®] ¥ =9 Z7o] whg} NET
mRNA ¢ NET ©id 32 S7hds 338 5 3L
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Fig. 1. Expressions of norepinephrine transporter (NET) gene in
normal and preeclamptic placenta using semi-quantitative
RT-PCR. (A) NET mRNA expression at center part in
placental tissues. Both 2"-PE and 3“-PE, the expression
levels of NET mRNA are more significantly reduced in
preeclamptic placenta than normal placenta. (B) NET
mRNA expression at center part in placental tissues. In
2"-PE, the expression levels of NET mRNA are more
significantly reduced in preeclamptic placenta than normal
placenta. NET mRNA expressions were normalized to the
amount of 28S rRNA and presented a dot plot. The ex-
pression levels of center and peripheral part are more
significantly reduced in preeclamptic placenta than normal
placenta. Significant difference are indicated by **,
p<0.001.

1 pg/me®] FEo A g ddo] HaH QUtk(Fig. 3A). E3

NET-siRNAE AAg A3}, 50 pmole FEl4 NET m-

RNASH NET ©¥jd g2 43 7+45 A thFig. 3B).
3, 0.5 pg/ml F %= 0149 NET plasmid7} % o2t Al £
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N 2WPE 39PE N 2WPE 3¢PE

NET | - (<5 Do

Actin | — — --—I(—43kDa

B.

hNET

MERGE

Nor

20PE

Ed
Ed

Expressions of norepinephrine transporter (NET) protein
in normal and preeclamptic placenta. (A) NET expression
in normal and preeclamptic placenta using Western blot.
Actin was used as a internal control. (B) Expression of
NET in normal and preeclamptic placental tissues using

F4PE

Fig. 2.

immunofluorescence. Arrow means NET positive cells.
Nucleus: DAPI. Magnification x400.

FE transfection®™ FYIHA L] F2lo] FATH R
94 g7 SAEE Ro] BE%0Hp<0.05, Fig. 3C),
NET-siRNA®] 739, 50 pmole =l %= 4 Fat Al L9
A e 9 fleol #ZEAkFig. 3D).

4. NET Transfection} siRNAY| 2|8t 2
M B

NET %
0.1 pg/ml
fectionA| 71 1
A4 A F7HE AH(p<0.05, Fig. 4A).
HS AIsH NET-siRNA®S A$ J42 Az J84
0 pmoledl| A #2Z= A tHp<0.05, Fig. 4B).

(gI:II-Aliol P |

o) wE g A E HAAS BN A3,
T 9 NET plasrmde o okal A ZLFo| trans-
gl G Az 84

[e]
FRAL - A ERERR
A. B.
Mock 0.1 05 1 (ug/ml) Mock 25 50 (pmole/ml)
288 28S
rRNA rRNA

_ |

Actin | €43kDa  Actin 43kDa
C. D.

N —_—
& 8 4
[=} N
5 =
= =
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s w
b5, ; 4 i E
o o
£ . [
b= =
< c
@ ® 2 4
P e
= =

0 04

Mock 50 (pmole/ml) Mock 05 1 (ug/ml)
Fig. 3. Viability of HTR-8/SVneo cells depends on NET expre-
ssion. (A) Expressions of NET in HTR8-SV-neo trophoblast
cells with transfection of vector containing pcDNA of NET
or empty vector using RT-PCR (upper) and Western blot
analysis (lower). (B) Expression of NET in HTRS-SV/
neo trophoblast cells by siRNA targeting NET or scramble
sequence using RT- PCR (upper) and Western blot (lower).
(C) Viability in HTR8- SV/neo cells after transfection of
NET-pcDNA dose-dependent manner for 24 hours. Cell
viability was significantly reduced at 0.5 pg/mé and 1.0 pg/
mé concentration of pcDNA-NET. (D) Viability in HTR8-SV/
neo cells after transfection of sSiRNA-NET. Columns, average
value for three independent experiments. Bars, SE. Significant

difference are indicated by *, p<0.05.

A. B.
< *

£ a5 . 5 b —
= f ! a3
Py @
= 0]
@
s o 30
2 2
= 5
@ ©
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P e
2 s 2 15 A
2 £
5 £
c 3
@ | =
F = (o]
[ = &l

Mock 50 (pmole/ml) F Mock 1 (ug/ml)

Fig. 4. Invasion analys1s of HTR8-SV/neo cells depends on NET
expression. (A) Invasion activity of HTR8-SV/neo cells
with transfection depends on the concentration for pcDNA-
NET. (B) Invasion activity of HTR8-SV/neo cells by the
concentration of siRNA-NET. Columns in the graph are
the diagram of the count analysis. Bars, SE. Significant
difference are indicated by *, p<0.05.
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pcDNA — NET (ug/ml)
Mock 0.1 05 1
MMPS 92kDa
MMP2 68kDa
%) 160
c
° 140
2
g - 120
o & 100
2 =
% %5 80
? R
' = 60
o
o 4
< 0
= Ol ; : 1
Mock 0.1 0.5 1
pcDNA-NET (ug / ml)
B. SiRNA- NET (pmole/ml)
Mock 25 50
MMP9 92kDa
MMP2 68kDa
» 120 1
=
S —e— MMP-2
o —0— MMP-9
B —
53
5 100
2 =
[
o ©
@ R
=
o 80
= 1
= 0 T
Mock 25 50

siRNA-NET (pmole / ml)

Fig. 5. Expressions of MMP-2 and MMP-9 in conditioned me-
dium from modulation of NET activity. (A) MMP-2 and
MMP-9 activities with transfection depends on the concen-
tration for pcDNA-NET. (B) MMP-2 and MMP-9 activities
by the concentration of siRNA-NET. SE. Significant diffe-
rence are indicated by *, p<0.05.

5. NET &8 ddofl mME MMPs &8 &
NET plasmid transfection® NET-siRNAE 5§t
ol Mg YT xS AEAS vl B4 A3 NET
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