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Analysis of the Mechanism of Trophoblast Infiltration
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BIE IEEWIHE I B T cytotrophoblast (MU FCT &l 3) REIEHEHBCESHELTVwHLO 2
extravillous trophoblast (AT EVT &BS9) E WS EEL2 LS, LaL, 2OXH =L 3EHBEO
RELBEATYHEICERIN TV EEZ SNIDFEMEES L TIER WL, 22T, fo7x752
~DEREICET 2 A0 = XL RBAT L7012, BOEE, BEBICE S LT3 matrix metallo-
proteinase 2, matrix metalloproteinase 9 (LIF MMP2, MMP9LBE3) DOFIHE s MMPs O
FEH 2 PET U _E KA X U OB EIHIVE A %2 /7 3 Transforming growth factor 81 (B F TGFA1 &
WSt 5 RIS %, IEEER 6 EMEH CTUATYMCT L887), EEERITEMER®Z CT
(LUFIEI CT LW 3) & choriocarcinoma cell line BeWo (LLF BeWo X B&3) % Fvs THREF L 7.
TNZNOMMEL S D in vitro TOHFERELRIYAE %, northern blotting ¥, gelatin zymography #,
B & Winvasion assay @ % FW TR L 72,

A CT i, @ CT WHANFWREREEZE L Twiz, ZO¥HCT 0% BeWo tRIUEET
bHotz, ¥IHACT 12 MMP2& MMPIO KR 2R 753, I CT Tl MMPIO 40K L »EBE 1
w0tz &7z MMP2%21EMAL S 5 membrane type matrix metalloproteinase (LA F MT-MMP & B
1) ORBRAFEHMEHRMECED Shl, 2O L BYECT BB L B2 2k b
MMPZOIESS B I D RBER2EET L EHFZ NS, ZNS5DI LI LD, invivo ® in vitro TORE
FEREDE L Z MMP22SBES. L T 2 ATREMEASRIR S hu iz,

BeWo T TGFE1D b D5alif i Fc RS2 T d 0 3 IH & n 37, ¥1# CT Tik TGFB1D
b ORIEIIGIE R BZ RS & WTEO G N S e,

HIH CT Tix, TGFRIAHMT 5 & MMP2® MMPID MM EHE S iz, 2L C I OKIEMH IR
BeWo THHETH - /2.

LT3 T CT B L EVT & & 288812132, MMP2Iz & 2 i 0 EEFE D FOHER TGEp1lic
& %2 MMP2, MMPIDSEIIABEMR L T 243, FEMIfD X 5 5L 2w id, TGFALIC & 3 HGEH)
HIER BRI 2 Z e pBE L Tw Ll anre,

Synopsis A cytotrophoblast (CT) infiltrates into the stroma, forming an extravillous trophoblast
(EVT) in the placenta early in gestation and the phenomenon is strictly controlled, differing from
the infiltration of cancer cells. The expression of matrix metalloproteinase 2 (MMP2) and matrix
metalloproteinase 9 (MMPY), which deeply involve infiltrative metastasis of cancer, and the
reactivity to transforming growth factor betal (TGFA1), which controls the expression of these
MMPs and inhibits the growth of epithelial cells, were investigated in CT derived from villi at
normal gestational week 6 (early CT) and CT derived from villi at normal gestational week 37
(full-term CT), and also the choriocarcinoma cell line BeWo (BeWo).

The ability of normal epithelial cells and BeWo cells to proliferate and infiltrate were evaluated
in vitro by northern blotting, gelatin zymography, and invasion assay. It was revealed that early CT
had a higher capacity for infiltration than full-term CT as well as BeWo. MMP2 and MMP9
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appeared in the early CT, whereas only MMP9 was observed in the full-term CT. MMP2 and MMP9
were more abundantly observed in the early CT and the full-term CT rather than in BeWo. In
uterine stroma-derived cells, membrane type matrix metalloproteinase (MT-MMP), which activates
MMP2, was observed.

These results indicated that the motility of normal villous cells was higher in the early CT than
in the full-term CT. The expression of MMP2 in the early CT, which was not observed in the
full-term CT, was thought to be related to this difference in motility. As for the responsiveness to
TGFg1, which is a growth inhibiting factor for epithelial cells, the villous carcinoma cell line was
insensitive to the growth inhibiting effect of TGFg1, but the early CT was sensitive to this effect.
When TGFB1 was added, MMP2 and MMP9 increased in the early CT. This response was also seen
in BeWo. That is, it was assured that the growth capacity was not inhibited in BeWo, but was
certainly inhibited in the early CT. The overall results of these evaluations indicated that the
development to EVT by infiltration of the early CT was associated with the increase in the mobility
of cells caused by MMP2 and the increase in amounts of MMP2 and MMP9 caused by TGFg1, and
the predominant inhibitory effect of TGFA1 on the growth of normal epithelial cells could explain

why normal epithelial cells do not grow as cancer cells do.
Key words: Cytotrophoblast « Choriocarcinoma cell line « Transforming growth factor g1 «
Matrix metalloproteinase 2 « Matrix metalloproteinase 9
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JEME SRR 2 £ 0 i, EIRYIEA
BEFERMABETH LT b5 T FEAER
MHE, BLXUTEHBCRELVLWHDY S EVT &
WbhNETEER LS, RFOBEKHEO A H =
AL L 382D, HE—EDVNILVERE
ZABEVEIRCHELEHE TN TWS EFHZ
SNTWw5, EHROREER I, MiastE
EREELEATH L X AfiftoEE a0
BEEM AT 2R T, oI EAORIERE
TLEXH 2% ORTFREHICES L Twa &%
Zohb, I TIEEMENED LS BBETR
By a0, L CUEREMRO LS L &
WDD, FORAHZRALREHT 572012, HikE
O#EEMICERS UEMEOEEICELBELG L Ty
2 MMP2v?, MMPO D5 2 kst L1z, —H,
Zie MMPs O R %2 HET 3 21ER DO H 5 8
WFic TGFR1 & 5, Mikarfgtd s &, Z0
TGFRID & DM HIEH 2R T 2 < &
DI~ Z DI & HHEMI D % BRE RS IC B
J2—=DODAT v 7 ThbrobilTna™, 2
® MMPs FAHEiRE & BEIEAHIGE D —H M0 5,
TGFplLzxt3 2 RIS 2 I CT, ## CT B &
U BeWo ZHWTHIZEL 7-.
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1. HHfgO #EfE

FIHICT B L O CT &, Klimanet al. ©f
TN LD R 6 BA TIEIRP M B L O IR37:8
HEB > & BB DA * 15 TR L - EHR X
DSBEL T2, FEROFETIRMERROMBEDOEA
DD 5720, P LCAHIREZRE I ¥ -HK e —
X% Hv ClEROMBEZ SR L TOX D MKk
CT 2157z, WEEMIEKIZ BeWo ZHw 7z, [
Bl e ER LR CE I EERETE LD
Satyaswaroop et al. @ FFEYE B W TE 7.
BeWo 13 [FE 74 3486%Fr (JCRB #iifld BANK) X
DAFLI.

2. RT-PCR 2 & % CT DOHEZE

oMb s il Y 1o iiges CT TH 5
HEIDERET S0, o CT 2 EME
¥ GIT 2 HWwT37°C, 5 %C0,-95%air {EEREE
S TEEREE LU T2KER 1< syncytiotropho-
blast (LA FSTERET) 12 20 E 5 % RT-PCR
% > T E-cadherin mRNA OFHDOE W2 H
WTRETL 7229 (% 1), RT-PCR I idlug ®
mRNA % F\» T reverse transcriptase Z{#EfH L
T—AXBEDNAZEGHKL N2 PCROT 7
L—h & LTHW., PCR iZ primer 14M each,
dNTPs(ATP, CTP, GTP, TTP)250uM each,
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potassium chloride 50mM, tris hydrochloride
(pH 8.3) 10mM, 0.01%gelatin, 0.3unit Taq
polymerase, total volume 50u1 iz T, denatura-
tion 95°C 30s., annealing 1 primer O EFEE T
60s., extension 72°C 2min. %lcycle & L T30
cycles, final extension 72°C 5min. & CTHifT L 7z.
BRIKEZ 2% 7 A0 —A 7 V2B THTL
7z,

3. in vitro TORMREDRET

IS OMBEOBREREOMKRE X, Mgy
(matrigel matrix) 282 — b IN728um K7 —+
A X PET x> 7 v (Becton Dickinson ) %
T in vitro T® invasion assay % ifTL 7z.
2.5 10MEDMfe % PET x> 7 vy Et AN T
37°C, 5 %CO0,-95%air BRI FM T CHIE R &
L, 24K PET X > 7 v v O RXHENIC B 5
B e Uiz, EE S triplicate TIT WY
BOFE % Loz, Iz T, TGFRIHMZ X 5%
MO RBEREOL LR T 278, BERI
TGFB1%5ng/ml iz THML, BEEKDOHDEEL
L7z,

4, SO

EEEMHOGEIT 1 XI0ME O E X — K<
VADK T HEREL T30HBICBEL 7.,

5. MMP2, MMPIDEH Vv~V THBEDORE

MMP2, MMPIDZE L~V T DS WEED E
% Kiat 4 % 72 ® gelatin zymography & % W
T, BHfOEz#E 1% O gelatinase activity % %81

#£1

193

KLz, Vo 7id 1 X 109E O 0853E i
vz, TGFA1ix5ng/ml i THANL 72, Laem-
mli sample buffer without dithiothreitol %4 >
NI Z T, 7.5%SDS-polyacrylamide gels
containing Img/ml of gelatin % v CEIIKE)
Wif71%, gel 7» & SDS ZEUD R < 72 92.5% (v/v)
Triton X-1001Z C30473fE incuvate L, 50mM tris-
HCIl, pH 7.6, containing 0.2M NaCl, 5mM
CaCl,, and 0.02% (w/v) Brij-35. 2 & LBK %
FWT3TCTI2HEH, gel WTEERMIG 21T - 72,
KIG# D gel %30%methanol/10%glacial acetic
acid containing 0.5% (w/v) Coomassie Brilliant
Blue G-2508% % W THEL, 30%methanol/
10%glacial acetic acid ¥ Tl L 7z, fifa
E N5 % NIHimage 2 THEfGL LU EE L 72,

6. probe OIERK

LR OETERE DB L L T c-MYC!19),
MMP2'9, MMP9'"”, mRNA &Da > ba—n k&
L T GAPDH &= F'®DHERT % b £ 12 PCR
primer Z&E L (R1). "4 7 VFAXH
probe i¥, RT-PCR I TISIBE L Z-BHD 7 Z 7 X
> b BRI T pBS (sk-) i@ ligation U AR E I
TR subcloning L, &5 17z clone #HWwT
DNA % i H U sequence # 7> T, Z ® PCR
fragment ’H & T2 BT TH 3 Z L #HER
# hybridization ([ vy 72,

7. TGFALIzxt§ % Kt

J—=vr7ay b EEROT TGFRLIIN T 5

PCR primer pairs

MMP2

F-5-TGACATCAAGGGCATTTCAGGAGC

R-5-GTCCGCCAAATGAACCGGTCCTTG

MMP9

F-5-GAGACTCTACCGGGGACGGGA

R-5-CTGTATCCTTGGGGTTCCGGGCAG

MT-MMP

F-5-GGAAATGACATCTTCCTGGTGGCTG

R-5-GCATTGGGTATCCATCCATCACTTGG

c-MYC

F-5-CGGGCACTTTGCACTGGAACTTAC

R5-TCGCAGTAGAAATACGGCTGCACC

E-cadherin

F-5TGCTCTTCCAGGAACCTCTGTG

R-5-AAGGTCAGCAGCTTGAACCACC

B-actin

F-5-CGGGAAATCGTGCGTGACATTAAG

R-5-TCGTCATACTCCTGCTTGCTGATCC

GAPDH

F-5-GCATTGCCCTCAACGACCACTTTG

R-5-TTGATGGTACATGACAAGGTGCGG
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RIGHZ2EE LT, 55%1Kk 2 TGFA1%5ng/ml 12
TN L 48R S mRNA ZHiH U722, BRETL
fBEFIIEEMBEOEMEEOREE S L Ce-
MYCELZFDOHKHEYE mRNAE D a2 > b
0—)L & LT GAPDH #ETFOFKREEEL /2.
Zhsofifak v, oligodT Eruo—AZHWT
mRNA #4958 L, /—F > 7oy bk
i32ug @ mRNA 2H\w»7, mRNA %#5M form-
aldehyde, 30%formamide, and 1 Xmorpholino-
propanesulfonic acid buffer IZ#&fE L, 65°Cic T
1043 M S ¥ 724, 1 %agarose gel in mor-

Ist trimester
3rd trimester

control(A431)

1kb ladder
CT

ST _|

CT

ST -
positive

tlij
o
8
o
=
o
-
o
=

B-actin —-

BH 1 RT-PCRIZ& % E-cadherin mRNA, g-actin

pholinopropanesulfonic acid-formaldehyde mRNA ORI
buffer % v TEXKE % 1T L 72, EXvkENE, Ist trimester : IEA#E4R 6 38, 3rd trimester : IE&
20XSSCEHWT = bl a—X T 45— %374, 1kb ladder : v—#—, CT: cytotro-

phoblast, ST: CT % 72ksR#% % L C& 72 i,
A431 : epidermoid cell carcinoma cell line

WERE Lz,
UV cross-linking % ffifT L 72, 50%formami-
de, 5 XDenhardt’s solution, 25mM phosphate

buffer (pH 6.5),0.1%SDS, 100ug/ml of sonicat-  *°
ed and heat-denatured salmon sperm DNA, 100 20 : :
ug/ml of yeast t-RNA, 5XSSC % & 8w 1A= 1531 I

F;E Tz probe 1% 42°C, 16EFR I T hybridi-
zation & 1T U 7z, e 1%, IR 1< T3XSSC

containing 0.02%SDS T154%, 65°CiZ T3xSSC r]—]
containing 0.02%SDS T154 % 3 [a], 42°Ciz C L — —— Bome
IXSSC containing 0.02%SDS T15537 > 7. 1) invitro TORMAEORA. EHL T S 2l g
7 4 V% —i3—80°CF ¢ Kodak XAR film % A triplicate 12 TEI%E L7z,
WYL T2,
8. MIEHIKIIC B2 MT-MMP OFHEOR 163 .
MT-MMP i MMP2%=EMALT 21EROH % 1-4; l O ToF+
FrLvEEBNOMBERTICH L A Y07 aT ‘
F—=ATH DY, 22T MT-MMP H»EE#
FHENTWEHE I % RT-PCRICTHREL
72, MT-MMP® ¥+ mRNA® > b o—n & L
TH W B-actin??D i EE Y] % b £ 12 PCR -
_ MMCT BUWCT BeWo
primer ZRGEL 7 (R1). 2) TGFALAVEIL 7 £ % 0 in vitro TORMEOR
B #& 21 TGFBLAVRMIL Tl & X OB L T X 724
1. RT-PCR & % CT DHER Fagia 1 & LT L7z,
CTH L UCT 27285 E% L CE - Mk B1  Invasion assay DFiR

(ST) T® E-cadherin mRNA, g-actin mRNA
O %RT (EHE 1), E-cadherin mRNA D% whol, ZOZ LD, Bon/zldn CT T
HECTDATRHRDONST TIEZDRIFEED HbHEFEZLHNT,
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2. Invasion assay & & 2B HRED IR (K 1),

W CT i, i CT b "B R =B L,
BeWo LRIBETH -7z, FIHCT Rm#ACT T
X TGFR1 % 53 LI WCIlRT % & 2 OREEE
MHE stz —4, BeWo Tid TGFA1 2528 b5
WCEINS % L IBTERE I TTHE L 72,

3. EHEEEORES

PIHA CT R4 CT i3 X — K~ 22 T
LT HEEEERED sk oz, —H, BeWo
TIEEEE D2,

4, #¥IHH CT, #Hi CT © MMP2, MMP9®DF
%)

Gelatin zymography OfEH8 L b, FIHACT T

Ist trimester
3rd trimester

Sava L

72kD —>
5 2
< z O
92k D=—>
72kD—>

H H 2 Gelatin zymography iZ & % gelatinase
activity O#ES
1st trimester : IEH YR 6 B, 3rd trimester | IE4
H4E3738, CT : cytotrophoblast, ST : CT % 728%R
¥ L B8, BeWo: choriocarcinoma cell
line, 92kD: MMP9, 72kD: MMP2

195

i3 MMP2 & MMPIDOHHE & b 5L RIS HE D
iz, Lo UiaHA CT Tk MMP923i < %fﬁé g
Tz, MMP2ORRIZIZEA LR D sz
otz (BE2),

5. TGFRIHMC & % KitMEDME

FIHACT, #H#CT, BeWo % H \» 7z gelatin
zymography 8 X U/ —% > 7 avy F OFRER
T (BE3, 4).

1) ¢MYC OFH (HEFEREDORET)

BeWo Tix, TGFRLIZK§ 2 KIGHEIZFED &
nd, cMYCOFBEIZR»oT2, T4b
5, BeWo I TGFRLIcx L TIHEZHETH D, 1
IR R o, L, IEEVHICT T

3 TGFBRIGSINC L D, ¢-MYC OFEIRDOIE T HE
2xh, TGFALIZX L TREZ ML & h, HEGE

1 234567

VNP =g

NN P2 =

MM P2 i

I:Marker  2:BeWo TGF- 3:BeWo TGF+
4:1st trimester CT TGF- S:lst trimesterCT TGF+
6:3rdtrimesterCT TGF-  7:3rdtrimesterCT TGF+
HH 3 TGFRIEMIC & % gelatin zymography %
FHv>7z gelatinase activity O#Et
Ist trimester : IEH 4R 6 3, 3rd trimester © IE%
%3738, CT : cytotrophoblast, BeWo : choriocar-
cinoma cell line, TGF— : TGFA 14450, TGF+
5ng/ml TGFR1¥sM
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1 2 3

TGFB1 - + - + - +

| l l N
MMP2 =ap-@8 &
c-MYC e @
GAPDH engpebesenes
1:BeWo

2:1st trimester CT
3:3rd trimester CT

BERE4 /—¥r7oy bEEHOE TGFAIEMIZ
X 2 MMP2, MMP9, ¢-MYC, GAPDH mRNA 5
B O

BeWo : choriocarcinoma cell line, 1st trimester :
TEREEFNR 6 38, 3rd trimester © IE# 43748, CT :
cytotrophoblast, TGFg1— : TGFR1# & fil,
TGFpR1+ : 5ng/ml TGFR1EHI

EHIH X 7.

2) MMP2, MMP9YDFEHH,

—7% MMP2, MMP9i%, #1#8 CT, BeWo, #
NEZNEBWTKELREOEYho72, £
7z, TGFRIGINC £ © 2 Z o fika T MMP2,
MMPIDFEEDOHEMLFED &z, T DRI
%, FIHHCT & BeWo THLEWD - T2,

6. HEMkICEIT S MT-MMP OFHE O

MT-MMP 3REEMfE CHRHE I N Tni,

z =

1. I CT, #HWHCT B8 & f BeWo TO R
REDE

in vitro T® invasion assay 2T, ¥ CT &
BeWo i3l CT X 0 &\ 2ae £ L T /e,
IO R, HERVIARESEIRGIARE L D %
COEVT BEFEHET LI EEFFEIRVWEEZ S

HEEImRE48% 3 5

5 -

7]
T =
T =
e
= =
2 2

MT-MMP

B-actin

HHS5 RT-PCRiIC L 2 MBEMIETHMT-MMP
DI
1kb ladder : ¥ — 7% —, fibroblast .| ¥ &= H KA
il

nas,

c-MYC O FEB T A % Mba O ¥ HEHE 1, ¥
CT, WHiCT 8XU BeWo CBWTHELREND
RO oo T,

FENIEOBHEERIC B W TEASEEETH 2
MMP2, MMPOIZEELRE # R L T3,
#IEA CT 2 BeWo Tix MMP2, MMPIDFHH
R o N3, A CT 12 MMPIDOFEIOD A L
BEsnnhot, £, AENL I LICTER
ERE R E MR 12 MT-MMP O RN D &
7z, MT-MMP 3EE#OEH SRR TH
DHIFBRRE CFEL, kL DAmSshTWw 545
WA MMPs L3805, COEAZAEHR
(latent form) MMP2% 3% 4 &) (active form)
MMP2IC 3 28 BE2 B L TWE19, ZDZ LI
HL TE s MEME ks 2 X, ¥
CT 433 5 MMP2STEMAL & 1, B %2
T2EEZHND, ZOL S RREEEDEN M
OHRFLEEL TW R AJREMLFE 2 o 383, #
D—DO2OKF & L TMMP2OFHELBES L Twn
2 AJHEMEDS R S e,

L, FIHHCT & BeWo i2iZ, invitro TO
ZHEE, c-MYC O, MMP2, MMPYDFEHH 2
BELENERERDON o7, %2 T TGFR1
WX B RIGHEDE W G L 7z,
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2. FIHICT & BeWo iz 81 3 TGFRLIZ Xt ¢
3 DG DE
TGFALIZ, LRRHIRE W U 358 % ] &
299 7z, TGFALIXT 5B Mz EH)
MEILHEZXE 2 X 5 MMP2, MMPYFIE D H
IWER%E T 520, 20X 512 TGFALIZM D
BREERIC L > THKT 2 ZODfEA2HE L T
5. TGFBLiZ, ccMYC OFEH #MNH|I L T#IEA CT
DIEHE &2 INHI U 7253, BeWo DOE5E 2 HIH] < & /¢
otz FIHHCT X, TGFRICEBZE I S Z i
£ © MMP2, MMPIDFIR 38T 5, Z DKIG
X BeWo THREIETH -7, Lo L, TGFR1%
ML 726D in vitro TOEEEE X BeWo TIL
H#E U720, ¥ CT Tk, BEgEOIHIMEHE X
nrz, BEL TEHSHEHRBES O TGFA1
KWBEIND Z EII2LD, EFME MMP2,
MMPO%HEFE X 8 5 53, %O RIHELL FIc B
BREIRITER 22 T L F WBEREL I s 2
LEzoh3, BeWo ik ZdD TGFR1ID b DHE%E
M EM %2 %207, TGFBlo > MMP2,
MMPODOFKIIEIWER 23 F, X 0 BHEREsiHE
T3, 2D &F, BeWo »fEMHBAE 2B L
T BBCBLWITAENNTH L FEZ o0
5. UEERETHE,VIHCT BEEL EVT &
7w HEERICIE, MMP2iZ & 2 filiE o EBhgE D A
2 TGFB1iC & 3 MMP2, MMPID#ENAEE % L
TWw32, MO X5 C¥EEL 2w i,
TGFALIC & 2 HEIEMGIFRA 2 B % T 5 2 &
NS L Twd Ll i,
X ®
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