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Expression of Immortalization-upregulated Proteins-2 (IMUP-2) in Placenta
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'Department of Biomedical Science, CHA University, Seoul, Korea
“Chabiotech Co., Ltd., CHA Stem Cell institute, Seoul, Korea

Objectives: Members of the immortalization-upregulated protein IMUP) family are nuclear proteins implicated in SV40-mediated

immortalization and cellular proliferation, but the mechanisms by which their expression is regulated are still unknown in placenta.

To investigate to expression

and fuctions of IMUPs in placenta, we conducted to compare IMUPs expression in normal and

preeclamptic placenta tissues and analyzed the function of IMUP-2 in HTR-8/SVneo trophoblast cells after IMUP-2 gene transfection.
Methods: The expression of IMUPs 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, RNA in situ hybiridization, immunohistochemistry, and Western blot. In order to
evaluate the function of IMUP-2 in HTR-8/SVneo trophoblast cells, IMUP-2 plasmids were trnasfected into HTR-8/SVneo

trophoblast cells for 24 hours.

Results: We observed that IMUPs are mainly expressed in the syncytiotrophoblasts and syncytial knot of placental villi. The

expression of IMUP-1 was not differences between normal and preeclamptic placenta tissues. However, IMUP-2 expression was

significantly higher in preterm preeclamptic placenta tissues than in normal placenta tissues without labor (p<0.001). Furthermore,

we confirmed overexpression of IMUP-2 induced apoptosis in HTR-8/SVneo trophoblast cells through up-regulation of pro-apoptotic

proteins.

Conclusions: These results suggest that the expression of IMUP-2 is involved in placental development as well as increased

IMUP-2 expression is associated with preeclampsia through the inducing of trophoblast apoptosis.

[Korean. J. Reprod. Med. 2009; 36(3): 163-174.]
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in situ hybridization 3t = Z] 9]
DEPC-treated 4% paraformaldehyde -84 of]
sebd Aes AFetivh w13k W
238l A, ERE OCT compound (SACURA,
Tokyo, Japan)& ©]-&3lo] FAAIZ & 80T H
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A 27] GFHAIET] HTR-8/SVneo tropho-
blast cells< 100 U/ml penicillin and streptomycin (Gibco,
Logan, UT, USA)%} 5% fetal bovine serum (FBS,
Gibco)7} %71 RPMI-1640 Bl ] (Gibeo)ol| 4 37°C
5ol A 5%2] CO7F EFE = vlg7] ellA i
ettt AE7E 2F 80~90% “%=2] confluence=
A5kS Wl 0.05%2] trypsin®} 1 mM EDTAZ} 714
TrypLE Express 89 (Gibco)o 2 287+ 22|35}
AZE woldl 5 Al S AAlskdoh

Table 1. Primer sequences used for RT-PCR analysis
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3. Total RNA &2 % semi-quantitative
reverse transcriptase—-polymerase chain reaction
(semi-quantitative RT-PCR)

HTR-8/SVneo trophoblast cells¥} EjiFo 2 HE ¢
Z2#]2 Z+Z} RNeasy RNA isolation kit (QIAGEN,
Valencia, CA, USA)®} TRIzol reagent (Invitrogen,
Carlsbad, CA, USA)S ©]-83}9] RNAE F=315]
th 53], Ejnke] A9 -80Te] HygE EHinkx
S QAELE o] &sto] AR vh

7¥stal Agoll A 1083 JEA)

3
= u
skl =3 RNAT Nanodrop
spectrophotomer (Thermo

o

U NS

TRIzol reagent=-

< sonication=-

scientific, Wilmington, DE,
USA)E o]&3te] A&Fsiaitt. 53 1 pg RNA
9} 50 mM oligo dT, 10 mM dNTP mix (Invitrogen),
DEPC-D.W. (Invitrogen) 5= ©]-&3}o] 65Tl 5
F7F WHS-A) 7]l 5% first-strand buffer, 0.1 m DTT,
RNase-out, ~L2] 3L superscript IIl RT (Invitrogen)E 3

78t 3 50Co A 1A)17F, 72°Coll A 1587 w33

Gene Sequence (5' — 3" Size (bp) Temp. (C)
ATGGAGTTCGACCTGGG

IMUP-1 321 57
TCAGTGGGGAGCCTCCTT
ATGGAGTTCGACCTGGG

IMUP-2 261 55
ACTTCACATCCGTGTCCG
CCAGGTCCTCCCAGGCAG

Bak 569 58
CCCAGA ACCACCAGCACG
CAGAACTGGACTGTGGCA

Caspase-3 266 52
TAGCGTCAAAGGAAAAGG
GAACTTCTGCCGTGAGTC

Caspase-9 429 52
GGGTTACTGCCAGGGGAC
CCGAGATGTCCAGCCAGC

Bcl-2 334 52
GCCAAACTGAGCAGAGTC
TTGAAAATCCGGGGGAGAG

28s rRNA 100 52
ACATTGTTCCAACATGCCAG
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o] ¢cDNAE /d3l3lct §4d% cDNAT IMUP-1,
IMUP-2 5o]4 Zetolme} AlzAbd #d #4
9] 5ol# glo]HE H-Taq polymerase kit
(Solgent, Taejeon, Korea)E ©]-8-5}°] semi-quantitative
PCRS A A3} (Table 1). PCR producti= 1.2%
agarose gel (Cambrex, Rockland, ME, USA)S- A}8-3}
of A719Eo 2 AT F 0.5 mg/ml ethidium
bromide (Promega, Madison, WI, USA)= 4-&- &}¢]
Quantity video image analyzer (Bio-Rad, Hercules, CA,
USAyE &3 DNA WI=E A|Zb4 o= jlekgitt
717} Z34-¥ DNA®] Hdxtol 5 i3] flate],
W E9] intensity= Quantity One program (Bio-Rad)
£ ol&ate] A BAGS SAsA AL, A
ARl A Fo A AAsHA LA = 28s rRNA F3
2AHE A FE3ke] 28s rRNAS] LE S 7|Fo =
zb a5 U ARE JHstste] semi-quantitative

.
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4. BRNA /n situ hybridization

DIG-labeled UTP (Roche, Mannheim, Germany)<}
RNA in vitro transcription (Promega)< ©]-8-3}5I T}
IMUP-2 plasmid W] =A3}= T7 promoter®l] T7 RNA
polymerase =, SP6 promoter®] SP6 RNA polymerase
=2 77} digoxygenin (DIG)-labeled antisense probe<2}
digoxygenin(DIG)-labeled sense probeS | 215153t
RNA free FEl= Al2tel efnt spebd 243 5
ume| T2 AH3}S] rehydrationA]Z] ¥ in situ
hybridization detection kit (InnoGenex, San Ramon, CA,
USA)E AF8-3}o] hybridizationS 3}31T} Proteinase
K (DAKO, Glostrup, Denmark) 8402 37T 1=
of Al 1023+ WHg-AIZ1 ¥ 1% formaldehyde solution
(Sigma, St. Louis, MO, USA)S. 2 $314-& A A5
t}. Ejdkz2] o] DIG-labeled IMUP-2 probeES 3 7}5}
o] 16A17F ©]’ hybridizationA]Z] %= 0.1% Tween-20
(Sigma)S % 7}sk PBS &Mooz A3k H biotin/
streptavidin-ALP immunodetection-based methodsE- ©]
8-3fo] WA S Canada balsam (Junsei, Tokyo, Japan)

o2 B9lste] #n)7d (Nikon eclipse 50i; Kawasaki,

L EREEER

vt Eofsk eWbdH 222 Xylene (Junsei)
o= gugldl Al7]al o §HS (Merck, Darmstadt,
Germany)= ©]-&3t FrFES 717 F Pro-
teinase K (DAKO)Z 0.05 M Tris-Hel (pH 7.5)°l %7}
sto] Ao A 5 WG AlA A U a7 o
ofsl WA FFde] F&E& Fskqith PBS &
o2 MA3 F normal blocking -8 (DAKO)S. 2
AL A 1AIE EF BESAIZITE ©] % Anti-IMUP-
2 (1:50 34, AA WG ATys 24 st
4C Yol A skt &<k vheAI R o, o] o
PBS &0 3xte] FAF F wWERS (Merck,
Darmstadt, Germany)°l] 3%<] H,0, §9& THE0]
Z2] Yol 7tste] Ao A 81t HEgAA 24
U &A= WA peroxidaseE A AAZATE L
S PBS §NOo = G4 F biotin®] EXHE 23+ F
Al (DAKO)E 204 303+ ¥ESA17] a1, 4]
% Streptoavidin-HRP (DAKO)E #7}8}o] A9
A 308-7F HES-AJ Y 1 % 3,3-diaminobenzidine
tetrahydrochloride substrate-chromogen solution (DAB;
VECTOR, Burlingame, CA, USA)S ©]-&-3to] a8
stlom, whalo] Evk 222 Mgk F Mayer's
hematoxylin &< (DAKO)O.= & IS AA]5}3]
o} fAlo] Ed 2L A E-E (Merck)= ©]-&3}
o GAE g5 A|Y3}al Xylene (Junsei)O-& F
S 15}, Canada balsam (Junsei) O 2 591 5}+o]

&ul7 (Nikon eclipse 50i) 2.2 23 3}t
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6. Western blot £410f| 2|5 CHHE! df

rok
MI

e 22 @AM} sonicatorE ©]-8-3Fo] i}
Aetgich izt AlEsH IMUP-27F =9 Al
PBS 89 (Gibco)>-Z A3l 0.05%2] trypsinZ}
1 mM EDTA”} %7} TrypLE Express &2 (Gibco)
o7 FHAIA dAEEE AXE T8 7

% A|3Eol| protein extraction solution (Intron, Seoul,
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South Korea)S % 7}8F 9 sonicators ©]-8-3}
Askedet. s e A Es 40e
of A 12,000 ipm o2 1587+ YA EE =
ShE T8k e, gude] s BC
kit (Pierce; Rockford, IL, USA)E ©]-&35fo] A=k
T} & 40 pgol AL 95T oA 5%
oF uk-2-A171 3 12% SDS-PAGES E3f 7]
A7 PVDF membrane (Bio-Rad)®l| transfer &} T}
Membrane<> 5%2] 24| (BD, Sparks, MD, USA)
of whol ALolA 1AF st ¥HEAIZ] F anti-
IMUP-2 (1:1000)2} apoptosis & &A|Q1 anti-Bak
(1:2000 3]4]; EPITOMICS, Burlingame, CA, USA),
anti-caspase-9 (1:4000 3]4]; R&D systems, Minneapolis
MN, USA), anti-Bcl-2 (1:500 3]2]; Santa Cruz Bio-
technology, Delaware Avenue, CA, USA), “12] 31, anti-
B-actin (1:5000 &]4]; Santa Cruz Biotechnology) &<
H7ketel 4C WAolA skt st W AR
71 ¥ horseradish peroxidase (HRP)-conjugated rabbit
(1:5000 3]4]) (Bio-Rad) =+ mouse (1:10000 ]
A1) (Bio-Rad) 22} Al &2 2204 1A]ZF FoF b
SA171 &, ECL Advance Western blot detection kit
(Amersham, Piscataway, NJ, USA)S AF2-3}] peroxi-
dase 2= WER AlZpslete] ohijd WS 3
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7. IMUP-2 plasmid& 0|&¢} transfection

1>10°2] HTR-8/SVneo trophoblast cellsS 10020
mm culture dishes (Nunc, Roskilde, Denmark)®l] Hl| %
3t] transfections AAI3H7] 24A13F ol &A3A| 2}
Yol ¢l OPTI-MEM (Gibco) HIA 2 123}
on, o]x= AE7} oF 70~80% Ak A5kS w4
Al ST} peDNA 3.0 vector (invitrogen)oll S='d %
IMUP-2 E2}2=H] == lipofectamine 2000 (Invitrogen)

o]-8-3}o] 8 pgS AE transfection 3}5S.H,
of tst xS 24 pcDNA 3.0 vector (mock)E
a9 FA3s 9 lipofectamine 200001 Eol Al
21 2] 3} TF. Transfectiondt 5 6A]7F o] Al
T g2 A2 BFE 3AA|9F FBSTE 01

=2,

o Ko o o

8. Apoptosis & ZHEZS ¢t Prophodium
lodide (PI) staining

1

12-well plate (Nunc)®ll coverslip (Nunc)= Yl
HTR-8/SVneo trophoblast cellsS B YF3lo] <F 70~
80% AE A5ES u], IMUP-2 plasmidS 5774
transfection WHO 2 E=JAIZ 5 24A4|7F Fot
oS AN 5 PBS (Gibco)® FAIBIATE A%
FEL2 A7 WERE (Merck)® A=2oA 102
5 F7] FolA AERAIF oM, A2
171 S18ke] P (Sigma)s A2l 71t
Feol A 287 WhSA7|a AF B =84

Lot £ 2

=
1

tlo Ly

M ox
i

ot & % AL
O>’

AA (glycerol-based mounting solution; DAKO)E
o] g&ate] FU% F FFAM (LSM 510 META
microscope; Carl Zeiss, Oberkochen, Germany)=- ©]-&
aje] BRI

9. A

RT-PCR ¥b-& 5 A7 wfwl, A3ES efjntel A
o] IMUP-2 & %9} IMUP-2 plasmids transfection
L AT hE2T (mock)] ME o] W3 &
Student's t-testE &3l AE3F 2™, p<0.05°] HE&
o AR O folshka Wy

2 1

—
I

. EfYI=Z] Lf IMUPs mRNA2| &5 2

Eful ol 4] IMUPs RNA &S H41517] 9
kel A Ht (m=15), $71 AREAZ Bk (o=1),

aElar 2] AREAS B (=15)S o] 881,
Ejto] FolE-Qloll A Ejo}Z: FRUS (chorionic
membrane) E3FSte] EjHEe] AbR % FL.9)Ql e
B7hA] 22S 3]9r8to] 285 IRNA RG-S 7%
© =2 semi-quantitative RT-PCR #2415 2 .
IMUP-1¢] mRNA 23S A4 giwkz2]3) 74 251

AT Hbz) BeFolA SAISH el ide] By
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A gk oL} (p>0.05, Figure 1A), IMUP-29] mRNA ke o] dAASHA SUHEN e FAEH
e e A HaETE F7] AP S kel A <] o] /do] A=At (p<0.001, Figure 1B). 12}, &

©
©

p=0.05
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Figure 1. mRNA expression of IMUPs in normal and preeclamptic placentas. Densitometric analysis of IMUP-1
mRNA expression relative to 28s rRNA expression (A). Densitometric analysis of IMUP-2 mRNA expression relative
to 28s TRNA expression (B). Data are expressed as means * SD. Statistical analysis was carried out by unpaired
Student's t-tests (*“p<0.001). PE = Preeclampsia. —, Mean value.
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Figure 2. mRNA expression of IMUP-2 in placental villi (A) and placenta basal plates (B) using RNA in situ
hybridization. Magnification, ><200; scale bar, 20 pm.
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Q Normal

PE
Normal 2nd 3rd

IMUP-2 . e (— 13KD

B-actin | e— cs— s | — 43 kD

| A5 Ejdtoll A 2] IMUP-2 RNA 2Ha-& ThA]
Aas= A AEE QT (p<0.001, Figure 1B).

2. mBNA /n situ hybridization B/
IMUP-22| EjHIZZ! Ljj 2

o|E¢t

J&‘é% IMUP-29] %}aﬂ_ AAE F<lekarat, mRNA
n situ hybndlzatlon Ll ‘?3 o= HRkzA | 3
v‘i'—’»‘# R

Ifz‘r SEFA ]7“401]/‘1 T2
2A), EjNES] 7| A Qo A= GEPA A (decidua
cells)oll A& oFgk d o] = AT} (Figure
2B). IMUP-29] T 47 efgtelx] w9~ ot
A HQl WA, 2R Sl A= wde] S

Ej

zZElon, 53], & Hhz=2 ) 32

-
'o\ |
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Figure 3. Expression of IMUP-2 in normal
and preeclamptic placentas. Placental villi (A)
and placenta basal plates (B) using anti-IMUP-2
antibody by immunohistochemistry. Magnification,
x200; scale bar, 20 um. (C) Western blot for
IMUP-2.

Su Yeon Jeon. Expression of Immortalization-upregulated Proteins-2
(IMUP-2) in Placenta. Korean J Reprod Med 2009.
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HEH A

3. EfEEEZ! LHOIA 2] IMUP-22| gbs B

histochemistry)= ©|-83Fe] A3t A3} g
S Eel AR BRI O, 5
ARVAZ el IMUP2 i)

Al BdEE= Aol ¥ ZLQ poach ]

- = [e}

sk 2y %}8 RNA in situ hybridization 2 ¥}}

T T} WEA, Western blot &

**Oﬂfﬂ 271 27 AT ERE Bl A
IMUP-2¢] Hdo] A or Frhe = &401 oz
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0,

N\

IMUP2

0]

Cell No. (x1x10° Cells)

LPRERTL

Mock

IMUP2

Figure 4. Viability in IMUP-2-transfected into HTR-8/SVneo trophoblast cells. (A) The morphology of mock and
IMUP-2-transfected into HTR-8/SVneo trophoblast cells. Magnification, *<400 (B) Apoptosis analysis in mock and
IMUP-2-transfected into HTR-8/SVneo trophoblast cells using PI staining. Magnification, <400. Yellow arrow means
apoptotic nuclei. (C) Cell viability between mock and IMUP-2-transfected into HTR-8/SVneo trophoblast cells.
Statistical analysis was carried out using unpaired Student's t-tests (‘p<0.05).
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4. IMUP-2 SHAXI ==
trophoblast cellstiA2] S& &AM

HTR-8/SVneo

24A13F &9 IMUP-2 327 =91€ HTR-8/
SVneo trophoblast cells®] 73-F-, & YHhA| L] e
7F Az vk = Aol BEEH Sl (Figure 4A),
prophodium iodide (PI) & 4
B4 4wt sl o
t‘ﬂ] Uo(;t :Lﬂ

T} (Figure 4B). ©]2]3t IMUP-2 534k =¢] 5 A
_LZ/Joﬂ r,st]— A{]J_ S 74]_’_5]_ 734_ 74]5]_;9]

S
2 79 Vﬂ IMUP-2 fr7te] = & Alxe
7} Aol BEREATH (p<0.05, Figure 4C).

5. IMUP-2 &l Z71El HUYUNESF (HTR-8/
SVneo trophoblast cells)OIA{2] MIZEAIHE zbH
ST} &M

IMUP-2 -4 %}7} ¥+& ¥ HTR-8/SVneo tropho-

blast cells] RNAZ ©]-&

alo] A EA

I

A5o] WS RTPCR WO HA8 A3}, A

o ¥ Y 2w
_\}_1‘
N
_E
N
2

ZZIA17]+ Bak, caspase-3ﬁ- caspase-92]
Hal S7hes At e g
S JASH= Bel-29] WS faEE
It} (Figure 5A). H=5H M| ¥APE
ohald dhH S Western blot W

2 A% A3 IMUP-2 F-77ke] =9l
IMUP-2 Wi o] b 2 o QFubal| ==
A STk = Aol BEEAeH,

r:ir

I

o
N T

-

AFAE B8 SRR HSE RIPCRO] Z3}s}

=
>
>
ol
X
X
I
>
o
=)
o
J}}h
B

8}5—

Bcl- 2-/] o T‘:
t} (Figure 5B).
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Q Mock 24 hrs e

Bak —— IMUP-2 —13kD
Caspase-3 | e SE— Bak 23D
Caspase-9 | D - Caspase-9 — 30kD

Bel-2 - Bcl-2 — 26KD
28s rRNA p-actin — 3KD

Figure 5. Expression of apoptosis-related genes in HTR-8/SVneo trophoblast cells after IMUP-2 transfection. (A)
mRNA expression of apoptosis-related genes in IMUP-2 transfected into HTR-8/SVneo trophoblast cells. (B) Western
blot of apoptosis-related genes in IMUP-2 transfected into HTR-8/SVneo trophoblast cells. 28s rRNA and B-actin
were used to internal control.
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S vA= F83 7|He =z, GgH A A3 (villous syncytiotrophoblast) =

) 752 Bfjolo] xd7tel] Al 89l ste]= b, RAY] ApFgdtel] SRSk Al

53], EjRtell A e thefst frztEe] wd = 7+ (extracellular matrix, ECM)¥} THAl = A

Ejdta} gjole] Wt 2] S YA L (extravillous trophoblast)® -3}7}
t pel

Afste] BAY W EHE SHFA17]7] 9

g, d dem HES 3 3 o] JSAE
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