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We studied the hormone excretion of human immortalized extravillous trophoblast cells (TCL-2, first-trimester
cells) and determined whether peroxisomes are present in TCL-2. The results of TCL-2 were compared with those of
TCL-1 (third-trimester cells) . Morphologically, TCL-2 cells were fibroblast-like, and the growth rate of TCL-2 was
slower than that of TCL-1 during 3 days culture. Progesterone was detected in the medium of TCL-2, and its concentra-
tion was approximately one-tenth of that in TCL-1. The activity of the peroxisomal marker enzyme catalase was detect-
ed in the TCL-2 homogenate, and it was about one-third the level of that in TCL-1. Fatty acyl-CoA oxidase activity was
detected in TCL-2, and it was about one-seventh the level of that in TCL-1. On the other hand, human chorionic
gonadotropin (hCG) was detected in the medium of TCL-2, and its concentration after 3 days of culture was about 2-
fold that in TCL-1. Using the diaminobenzidine (DAB) method, peroxisomes were found in TCL-2, but only a very
small amount of catalase was detected. These results indicate that human immortalized extravillous trophoblast cells
(TCL-2) synthesize, secrete hCG and progesterone, and may contain peroxisomes. Because extravillous trophoblast
cells are difficult to obtain from the first-trimester placenta, TCL-2 cells are useful for the study of the physiologic func-
tions (including peroxisomal function) of first-trimester cells.
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BHIRBR, B, FEEEICIIE L OEBNE
HERRIVECHERLTVWS, TO0IF7F
TEENSFIBEINDD, BESCTEREDRMHE
BTHEAINS. VEGF (vascular endotherial
growth factor) I N EMIEERTTHO, I
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BOMERRIBRICBWTES L, b MNERICHEHR
L TWw3%. PGE, (prostaglandin E;) % PGE, (pro-
staglandin E,) |33 M ffd % O 5 M O b &2 L,
PGE, |34 58 DI K O RICBE 5L TW5, &
N #R B IR ARV E > (hCG, human chorionic
gonadotropin) |3 faME OB TEESI NS,
EAIERGHICE — 27 &2 D T RE AN E &
12%. 707 AT 0 R TIE#ATEE L
THEEINSD, hCG DORIFIC X U FEADEE S
N5, R 6 AHICIZT O A7 0> DFEADER
IFEERNSHRBOMEBEANEBITT S, INSD4EM
EHEDESRIES &, B MrBEME S OFRD
DIZTDNWTIE, FEMITIEAIR RN Z N,

bt MR EACE MRS R D S R EA O WS fifG DA
ST H, IEFRBEMERBOGE L ToRkEIZR =L
TW5, HEMIAH OMEE TIEMERE E/E D 4Rk
S, Eiz, EHBREENTOZXY TS OD2HE
FRZEREL TFEIEZSI SR I3 2 EnmEIn
TN, Len->T, MEMEICHT ZIEER
FEHEEAEOFEER, AR & R iRMERr O )
SO TEHETCHD., EHERFEOHEICIEINSY F7—

TOEERREEZRZLTWS, By F7—E13XRI)L
FF IV —ARBIEL TWDDT, AP & iE R
MEFFD o DIEVERE FREH AW E LT, X)LAF
V) = LADFEEEFARTH S.

LIFRETII@EC, EREHOE b ket
P SR 28 B i 12 D MT, AFeAb & Ba R A
(TCL-1, Trophoblast cell line-1) Z HWTH N7z,
NIV FF 2 — AMAEFERIT B IBEEEHIC B 7
T2H5IER, TORHMBASHITILTNS. 49 X)L
FTFIYV—LOEEMETHLZ Y FT—LEIL, It
REMICHRDZIIONTER TS EVWSHMENDH
2.9 UnLE NOIEIEYH (first-trimester) @ &
RS BB O XV F F 2 — L DFF
DWW TR S N TR,

TCL-1135% 3 bU AX & — (EIREH) DMl
THBMN, YA N1 > OEATS EARROM TR
ZHERFL TTWD 2 ENHRIN TS, 1Y TCL-2
(Trophoblast cell line-2) 1381 Y AZ & — (IF
IR OBMEL D TCL-1 ERBD HIEICK D IE
REN TS, 9

ARG TIE TCL-2 &2 Vv, Z O Ay i1k

OIEMNE & U TEBERERFORILVE W E

DL BRHHEFFDDONFN. S 5N
BFEOHNY T —X, IEiEET 2L CoA MELEEHRIE
HoHE, P73 /XYY (DAB) KIGICX
HNET—EREETFD ZETIVAFI—LD
f & i A7z

;] P

1. =K NIV RV CoA, 2,7-/7ono”
WAL > 75— (leuco-2,7-dichloro
fluorescin diacetate: leuco-DCF), Triton X-100, 4
AR VR 1S Sigma (St. Louis, USA) /25 HEA L 7=,
33-733 RV hI7051 K (DAB)
R RS (REA, HA) 58 AL 7Z. RPMI1640
BN HAKEEE GRE, HA) ObDEMHERAL k.
ZOMORIEIINEHE KBk, HA) DoAY
IR DB DZEMHHL .

2. A%k FREREMREOEEEL KL
th#%ﬁ%%@TaJ TCL-2 1%, ¥HEERK

FROERE Y —ERARMARAELOEEIN
7=, MEMEZIZNZEN, TCL-1IXE3 MU A X
& — (EIREH), TCL213%5 1 hU XX — (B
BRAI) DB X D "B REEE R L EIRIC R O L,
SV40 large T TAELEI B D Z LICK DB INT
n5, 7-9)

MM, 2mML-Z7 )Ly 3 2, 02%WREEY > %
XA T, 10% 4R I1B T % & $ RPMI1640 551
129.6X10* i fid/ml DRE T2 KD ITHE L
7. T OHNESRE# 10 ml 2 E £ 100 mm DT 1 v

IZHE, 5%CO, DFE T, 37°C THEL .

3. 73/~ (DAB) RIS (RILA
F/—L0uR{E) BELLMEEY >k
ERW (PBS) THe#H L, 1%Z7ILZI 7Tk R
—0.1 M HEPES-KOH (pH 7.4) % T 1 Bfi=
RTEELRZ. TOH%PBS T3 EEEN, YHO—
X TR Z EE L7=O MO R 51 X &2ERk L 7=
DAB ik (2 mg/ml DAB, 0.02% @ {k/K#E %
FL0.05M 7Y T -KEELT MY T LRRE K
(pH 10.0)) ZHWT, =K C 1 K217
o7z, K% PBS THEW, 1%EILAAITATI
Wi, BEEZITY, FIRICL D, BTHEMSIHR
Rz ERk U7z, %M S Hitachi H7500 %5 ¥ 58
ME GHat, HA) zHWk.

4. ATFERBEORSEE Mgz EL 100 mm
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T4 v 2T 3 HERE &R, KiE RiEZEREIL,
TFIVERENEROBRKE L, £, T4
AIWCEEL TV MEIFRELEZE 0
RPMI1640 523 % OX PBS I CHed L 7=, #if 2
025M 27 O— AR TRHREL, ¥ >NV ERE
O TG MERIE A Ok & U7z,

5. YNV7EEEDRIE  H NNV EOHE
1%, Lowry 5D HIES TIro7z. H 2N EDKE
EYE &L TG 7 IV T 2 2Nk,

6. DNASE0DHIE DNA ZROHIEIL,
Lewis & O 5{EY Tfro 7z, FHifik DNA % fEHY)
HELTHWE.

7. BRFHORTE NI AF Y —LBEEE
HELT, BEMETHLINY T—Y, BB >
)l CoA BAtBEFZ DIEHEZBIE L 2. Wy T —HIE
1%, Leighton 5 ®GiEICHEL THIE L /=, 19 JEN;
B2 7 )l CoA BeAb B #ETEMEIZ, B3R BOL D5 R
leuco-DCF g {k S N THA L9 % DCF % 502 nm
THIET 2 HED T 7.

8. EMHEUMUBRRNBARILEREDOARTE

B EEFOE MEBEEEREE S E >
(hCG) WL, FIEHiEE (KB, HA) Okt Mk
EMEMERRE IV E > BEF Y b2 HWTHIEL
o, MOy NI EELZDDORIVEEEEL
TERL.

9. 7O45XTOVREDRE  HELETD
JO4 A5 0 JEE, Cayman f: (Ann Arbor,
USA) o7 a4 250> EIA vy b2 HWTHIE
L7z,

TCL-2

10. 7Oo<Z4F., PGE,, VEGF ODEE& A
0<% F >, PGE, VEGF O#|ElZ, #Xettx
A7 =)L) (HIL, HA) ITEKEL .

] R

1. F3Efbke bRRBHEMROREESH), £{F
HOHFE

1-1. Aofbe FaBHEEMRMROBTEOHE
IERGI O AR/ B ipB M EML (TCL-2) &
ERBM O e N EME (TCL-1) %
MBEIC L OBEREL =R %, Fig. 11T/R9. TCL-2
& TCL-1 O % ki d % &, TCL-213 TCL-1 2tk
NCHHMESF AR D 2R U 7z

1-2. FZefk b b Ra AR M0 AR 0O 0 A 1 5l R B
AFEfb e SRR EMIZO TCL-1 & TCL-2 O
faz [FE (9.6X10° ) &, =z 3 HiEK &
L7, Wiy > X7 EEaORREZE({L % Fig. 2
(A)IZRT. MoK E JIIRMNICIZED 572 h
5 7. TCL-1 i3, TCL-2 Ay > )NV EE &
13 EBITRIFIITHEMU 2. TCL-2 I3 ERRIITHE
L TW/=A TCL-1 IZktb R % & TCL-2 (3 H45EE &
PMED > 7z, BEMEBE CTHEIERT 2 & TCL-2 O A0
FEL TWBEDITH AN, TCL-2 1% TCL-1 12kt
N5 EHEIFMaEk TE T RE<, Mingks L Tid
Mlahol., FONIVEERIINVWTNOREHD
TCL-1 ® 5 &M > /=. Figure 2 (B) iZ1Z DNA &
BORELERT. YONIEGRERUC XD EH
mZzEmRLU7z.

1-3. 7O05%F>, PGE,, VEGF QOHIEHE

TCL-1

Fig. 1. Shape of Microscopic Features of Immortalized Extravillous Trophoblast Cells
Both cells (TCL-2 and TCL-1) are shown by photomicroscopy at the same magnification. Bar indicates 0.1 mm.
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Fig. 2. Time Course of Protein and DNA Concentration of
Immortalized Extravillous Trophoblast Cells
The cells were incubated for 3 days and samples were collected each day.
Protein (A) and DNA (B) concentration of cells was determined as
described in the text. Data are shown as the mean values+S.D. of 3-5 experi-
ments.

AFfbe e EMEE 7L — %720 3.0X
104 fEff =, B53& 1 HH QI aSnzd o
OWMEORERZ LA FITRT. 7057 F L
fabH NN >-. VEGF OJEEX, TCL-2,
TCL-1 I DWW TZENF4 1580 pg/ml, 675 pg/ml T
Ho 7. £/ TCL-2, TCL-1 ® PGE, D&,
ZTNEN 170 pg/ml, 8.9pg/ml THV, TCL-21Z
TCL-1 XD HEFELLEWEZRL .

1-4. F3E{bE b RaBRBEMROKILE S FHBD
e RO SRR T OATEL e b Rk
EMEOFINE S WK ET 5720123 HH
24 REEEICIENN U 72553 B3E D hCG & 707 A7
O OREZREL .

TCL-2 7% 24 BRI K228 g2 L 7= hCG
DOEZ, 1, 2, 3HEHTRERZENZN 67.26£4.73,
47.51+£5.93, 42.72+4.90 mIU/mg protein TH D,
TCL-1 ® hCG D 24 F¥ff¥4 7= D D4Hib&lE, 1, 2,
3 HEH TIZ 55.16+6.01, 34.16+3.31, 23.43+0.45

50  (A)

40

20

hCG secretion
(mIU/mg protein /24 h)

TCL-2 TCL-1

(B)
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Progesterone secretion
(pg/mg protein /24 h)

0 — . .
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Fig. 3. Levels of Human Chorionic Gonadotropin and
Progesterone Secreted from Trophoblast Cells
After incubation for 3 days, the medium was collected. Concentration
of human chorionic gonadotropin and progesterone in the medium was de-
termined as described in the text. Data are shown as the mean values+S.D.
of 3 experiments.

mlIU/mg protein TH o7, §72HE, hCG D 24
B4 720 0w ElRX 1 HHO%N S TCL-2,
TCL-1 fiifld & b EPN A SN, WTInod
H® TCL-2 ® 5 2i&E <, TCL-1 DFNZTNHK 1.22
%, 1.39 f%, 1.82 f5Td > /=. Figure 3(A)ITIZ
TCL-2, TCL-1 ® hCG @, 24 BfR4 72 DT/ X
Ni-mD 3 HHDEZRT

Figure 3(B)I3 707 X570 W@ 3 HH D 24
W4 72 0 O gz /R T, B3 BiEICBUT 2
feo70r 2702 g gz #E L7z, TCL-2
Mg 705 270> i Eld 9.76 £0.27 pg/mg
protein TH VD, TCL-1 IZEXRTH 107D 1 DE
Tholk.

2. EIRFIEADARIEILE bBREREMIZORILA
¥ - LOBFEOKRET

2-1. A3fbe RREHEMRONSY 7 —EEN
ORIE  HWEHCIVAF I —LADNHFEET D
MEDIMAND DI FF Y — LA DIgERH=
D1DTHH2NYT—YOEtkzHlE Lz HES3
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HH®D TCL2 & TCL-1 OFREPRF—FDH Y T —
i, Z1F1 0.63+£0.08 u/mg protein, 1.72
+ 0.42 4/ mg protein T&H 0D, TCL-2 @& M 1%
TCL-1 DBXZ 357D 1 Th-7 [Fig. 4(A)].
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Fig. 4. Comparison of Specific Activity of Catalase and Fatty
Acyl-CoA Oxidase between TCL-2 and TCL-1 Cells after 3
Days of Incubation

After incubation for 3 days, the cells were harvested. Catalase and fatty
acyl-CoA oxidase activity of the cells was determined as described in the text.

Data are shown as the mean values+S.D. of 5 experiments.

CoA BRLBEREHORAE - MEMEITLFF
N —LAINFET DM EINFARD DI HY T —
YIZmA, NEWiEET 3 )L CoA BEALEE S D&M %
E LT, MENTE Y 2 )L CoA MELELFIINENEE B s
IERDOEEREHETH D RIVAF Y — A DfFEREF
THDH. TCL-2, TCL-1 IZDWTHIFEL -#s %%
Fig. 4 (B)IZ/R9. TCL-2 22 513fEHifE 7 > )L CoA
FELBEE DIETEMN DI s bR SN, R
FTFYV—LBENED EILROEEZRD
TCL-2 @ kg 1% 0.030+£0.012 nmol/mg protein T
HV, TCL-1 DK THD 1 DIEETH - 7=,

23. P73/~ (DAB) & HEM
iz 3 H3# L, DABRIC KD Ny 55—V i@
ATV, EFEEMEE THBZL 2K R & Fig. 5 TR
Kl

TCL2 TR b X))V AFF Y — LA
5Nz, NN FFV—LDHIZ, DAB KIHITEX
DELNZEBETEEOE VWK THABEEZIN, hY
FJ—YOBRHIZED TCL2 ITBTF B R)VAFY —
LDGEENHERI N, T2, NAFI—LDH
&I —tE&E, FEAmENS TCL-1 &HRTIHEHE
WAooz, 512, TCL-1 ORIV A F2 Y —
LE, BRIR, OBIR, ahnled oz &Lk
T, BboBELEHDONALNZDIZHLT,
TCL-2 D)V FF 2 — LI HIERE DO B D3
%< HHNT.

% £
AT BN TR O & R EM R E

TCL-2 TCL-1
I\ " AT B
b: . * (e - -
h-c ) 3 :
" ™ % # g v Sakipe
* L] ’ e Nob '(‘-‘ : i g: T : f.-'v s
3 i \ 4»,“ 1¥ o ¢ A
: il Q. ¥ . i . ATy
.. e A - i}‘ S . % >
- 5 . AN . oy e
| -7 8 &7 Y Q.. " AT N
| L f 1 P % AL 3 s
' ¥ C T Al P g PN > P / R
! x5 . ”~ 5 P e . N 3
G &= = Ji%a o s
- L2 N y o ~ N
, i 4 . s i L] < wt ) & ’ K
t.( N “{}‘ %J B A e AR 2 ey
-4 L . I . e e L AR 2 NERb e N &
D » E A ot > [ =~ S N
- ’i#' 7. 4 O ‘-l n ) &
2 3 t a4 i

(Biol. Pharm. Bull., 31, 546 (2008))

Fig. 5. Eelectron Microscopy of Trophoblast Cells after DAB Reaction for Catalase
Both cells (TCL-2 and TCL-1) are shown by electron microscopy at the same magnification. Bar indicates 0.5 um. P: peroxisomes.
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DEDBEHEREDOON, £z OMiICEIZ)L
FF N —LANFIET DN EDI D ERN.

AWV E MREMAIE, B HEE
T 50, MAMINE SRR EEM 2 F O
flTH 2.1 UHAEDREDOREITH W TILIREE
MO E FREMKEMIL (TCL-1) IZIZR)L A
F) = ANECEMIC H BRI HEET D Z
EEBASMNIL TS 49

TCL-2, TCL-1 fiffel OEIEEE 2R E A
TCL-2 13 TCL-1 IZ b N T Ll AFR-D I G L 72
(Fig. 2). ABFZEIZH W TR H 13 F 5D #l ik
TT 4w a2/ 3 HHiZ TCL-2
IZHART TCL-1 @523 > 7 )V T > MZiE WIRAE
THo/z. TCL2IZHE —DMEA K E <, ik
L L OL RN RN WA Ol = R ST VA /=
MADTeino Jo. TCL-2 I3MIfE 234 < DER4r 2 5
DOHMIEZDMNE LTy,

E-EE BEN S, IHREGE ClhEERICRE %
o7 0527 F >, VEGF & PGE, [ZDWTHIEL
7=. ZO#E%, VEGF & PGE, Nl T X n
. JOZ0F VT RENSHFWMENDY N
FIVEZD1DTHD, REBTHEEINSD,
TCL-2 TIdMmi S Nigno /=, TCL-1 &Kk,
A REEMETIIREI NN ERDNS.
VEGF'" [J &N K MG AFTh O, BED
MEBREBRICBNTEEL, b MaRITHEEL T
W5, EERIERER EBREOREDOIZIE, R
BaEEE U TRHMAMIT S B VEHIT S FEm R meE o
Ak, BEGH, HAENEIDZNENDHDH. TCL-2
Al @57/ TCL-1 fiiia & U & VEGF 23 Wl & 785
=D, RO FINC I E O Z D iR E-R
K D2 7 DRI EDFE D -0 I EAT]
RIBRFTHBMEEEBDONS. PGE, [
TSN, TCL2 Mo AN EWEZRL .
PGE, %> PGE, (& Il & D KR b 22 L,
PGE, |3 58 DI X NEEARICER G L T3,
PGE I3 in vivo, in vitro O E N 5 A3 A ML O BE5E
ZHHT B Z &Y Santoro 52012 k5 TRENT.
ZFNIZ K U T Trevisani 52V 1% PGE, 23 JEE ML D
W EET Z LB R LTS, AFEERTIL PGE, I
DWTIE, TCL22ATCL-1 KD HEFEL L EHWHEZE
A~ U7z, PGE, DSl O BESEIC IR A 5N D2 B a ]
FEUT, RIROUIICIME LI D FE £ I B 5

LTWaDhd LN,

Matsuo 52> Maruo 5?3704 250> LA
LD EMILTD hCG (o, B) DR, 4
WEAERT 2 2 LemEL, MENTOFY ATO >
IR & hCG mRNA G OMICR T T 17 7
1= RNy VB OFEZRBEL TNWD, KIFJEIC
BWTHEIRPHI O TCL-2 13 TCL-1 £V H hCG ®
SbENE < [Fig. 3(A)], FYOF 250 0E
WEVME & 7o 7= [Fig. 3B)]. 6 Oz
LTWB500H LR, WR)LE > REZER
IZHANR, RIVEZFIDOEED S 5782 Mt DTN B
EBRbHbN5.

LED X ST TCL-1 &thi#gd 5 Z & T TCL-2 D
B HISRD T 217D TEMTE L.

YIEZEDOBEDOHEIZHB T, TCL-1 IZXR)L
FTF IV —LOREMEZETHD Y T7—X, Bk
7 )l CoA Bt BFZ DIGEN M SNl &, 7
0747V, 7274 702)WX0, ML
NINZPBNWT, Wy T—BiEENERICEmMLZZ
EEBSNILTWS, £k, B Y 2 )L CoA
BbBRIEEY, 70T« TV, Y2770
PIVOTRIMZE 0L &9 hy 5 —EiEE
D= WS AN S, B ABGE TR > T
BECEBZE2HMEL TS, £RBREENICHHA
N, RNVFFY—LOEFEEZEZHSMNITL TW
%.9

UL U S IERGIEI O AT L b S R EM
(TCL-2) OR)NAF YV —LDEEFHSNICE
NTWhhoikz, T TRIVAF Y —LDIEER
#, Ny I7—YELIENET )l CoA BILEEF%E DIE
HaEFHN, WMEEMRHINEZ. TCL2IIBT 2
HE I —EiEMHE, TCL-1ICEkXRTH3IHSD 1T
Holz.

AREBROFERIY, N5 T —VIXEEEHICNT T
BINd 2 &0 S W&o O THEY T —ENFEE
OHEITITHEWEINT 5 Z &R/, £/-, JE
Wil 7 > )L CoA Ak E% 3 D {E %1%, TCL-2 i
TCL-1 IZHEXRTH 757D 1 OiEWETH o 7= [Fig. 4
B 1.

I SITBREEIN A E AWT, A5kt MiEM
FUZBTBRNVAF OV —LOEEEHS ML
. 2732/ RX>VY > (DAB) EICKD Y T—
THRAIZED, TCL-2 2% L 7/=. DABiLIZEL >
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TETEBEOGWRTFNERIN, MEMEOIL
FF IV —LITHEY T—ENEET DI ENDho
. RFAFY—LDhY T—tEIE, RfaimEn
5 TCL-1 &R TIEEITDIeh> 7. TCL-1 DX
WFAF IV —41F, BRIK, OB, Eoahnlizd
DIz E, 24T, EoolBEZLEDBDONEL A
NEDOITKHLTTCL2 DRIV AF V) —LADF
1, EAENENZENDbM oz (Fig. 5). X)L
FF YV —LFERERLTND ZENEL, Wi
TEHRINAFI)—LAEDOBEBR TR M NI END
SDOMMH LN,

NIV FF ) — LAFEEEREFRTE M O HIE S DAB X
INDRERZE T 5 &, RO LA F 2y —
LFEIRBEH OB DX D DN ENHEE I N
%, LML ZOMmDEDIIZET SR 5MENLE
ERbNS. ERVIE D BIEREIITNT T
FE =AML TWSEAE, BENEEL
T L 72 TREIE T & 72 0 I VEEE £ 0 A4 i
AT TE B =D IERBE OB VA F 2 — 4
MNRBEEIN, BAGDODOEEREEZEZL TV
b LNz,

IEHE MR B W TR S 22 5 e 1 3 i
MR T 5. LA LIEEMEN E DX S itk
TRMETZ2D0, ZTDOAHZXLEIHBAMEE TR
BROBBICEHINTNWS EEZSNDD, FHMlIC
S MTINTWRWL, RO EIEEE SR
JVE P WEREIC E M IRBEMERE RO > Tn 5
7%, BRI DWW TIIRBAAR W, HRBS, b
IR, FREHEMICIIE 4 ORI Rb->THD,
N5 O OHEEROWHEICHEH EEbN
%,

TCL-2 1%, #EN. S N/=MifdTdh % TCL-1 & [Ftk
BRAETERSINTHD, AREZIAROENLTN
2 EBIME R BRI O HEARE Db, IEIRMERF S
DRI EITHLD T ENMFENS. L= A%k
t MaBHEMOMERETICID, Ihs 4R
IR B BAE DRI NI DT T <, b2
WEMIRRICKIT TR, w2 BT 5 EEY D
LRMEMRICHL, WD THRRY =L 2T 3
EEbNS.
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