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The Determination of Basic Fibroblast Growth
Factor (bFGF) in Human Placental Tissue
and the Changes in bFGF during Pregnancy
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BE W#EEL\VvbhT\% bFGF 0MBANERELXRE L, SR, s, i, %4, 8
o EFH62MEBI O EEEN DFGF BEOEBH Y BEL, FOEEMEELHET L 7o,

1) Fa#E1lkg X v bFGF O¥# T #28ug/kg GEBREE) OBEWA2EL, BEUIRRIIZIT.1+7.4%
THol,

2) ¥58i4i3 SDS-PAGE TBE— v ¥ L7t b, #i bFGF monoclonal Hifk & REEEEE LS TFER
16kDa TH» .

3) bFGF @ RIA i X % BB EMBABE 3 #11.81+2.11, FHART20.45+4.85, #AH#¥9.52+
5.02, H&HA7.41+2.07, @HA7.7511.86 (fmol/mg protein) THot, Z OFERIL bioassay & % AHES
LR oRAE, ERECERICHREER FRONEFERTF & LT bFGF 2L LT\Wwb &
MEEB I e,

Synopsis The purpose of this study is to develop an assay system for quantification of bFGF in human
tissue and to investigate the changes in bFGF content in the human placenta during pregnancy. Sixty-two
placental tissue samples from various stages of normal pregnancies were collected.

Approximaterly 28ug bFGF was obtained per 1kg of placental tissue. The recovery rates were 17.1%
7.4%. The purified samples were confirmed as bFGF by SDS-PAGE and enzyme-linked
immunoelectrotransfer blot (EITB) with anti-human bFGF monoclonal antibody.

The bFGF readings in the human placenta determined by RIA were 11.81+2.11fmol/mg protein (first
trimester), 20.45+4.85 (early second trimester), 9.52+5.02 (late second trimester), 7.41+2.07 (third trimes-
ter), and 7.75+1.86 (post trimester). The placental bFGF were significantly high in the early stage of
second trimester and declined gradually during the remainder of the pregnancy. The RIA values were
correlated closely with the values obtained by bioassay.

These results demonstrate that our assay system provides a tool for the quantification of bFGF in
biological samples and suggest that bFGF, the active mitogen and angiogenic factor, participates in the
formation of the human placenta.

Key words: Basic fibroblast growth factor (bFGF) » Placenta * Monoclonal antibody
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Fibroblast growth factor (FGF) %, 19744 TOFRREHRMIEE L CEREREOZ LA
1z Gospodarowicz Iz & b filRREERTF & LTH BEhi®, BAETIX, 1. growth activity 37
THEAI Y SEEI LT, MHOBRE T, £o0 b mitogenic activity, DNA &R {RLEER, 2.
ZMRT L 5=y 2 BALB/c 3T3#ifa’cy  invivo TOMEHLEEA S 51, 3. morphogen
fibroblast DHEERIHA T &L L CREI LT 7 (MR LIERD O & L T DS e e My 9 TE M Y
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RENRTWB, T, FGF oS> \Cof
FebfER, B ¢ T REOBEEAMSFE S 11,
FGFs A5 X FGF 7 7 3 ) — & ORI —RR
B & oot FGF 7 7 3 )V — DT % basic FGF
(bFGF) 2\ b8 < BEE, BREIh, BEWNks
MRS EATHT, Thb FGFs 0#ifl & & h
TWw5b,

AR D FGFs 0% #uVEDIEH, I bz
B EhTwwb e h bFGF 2% & A EREB T
MTHHZ ED B FGFs, & <12 bFGF A3 fa4 1A
ORE—RERBCIEERFEEZBE L W5 &
HEINRLHODY, = OEHIET 5 EE0N T
WERBREE ALY, FOBAD—DIT
bFGF DA RMBANEEES W E 2SI
IRTWIRWZ ERETF SRS,

BARMiL, bFGF (ZAEMIEM LG8 Infc ik
CHEAEBHEERBED CHETHY, FOHE
HixnWEETH S = &9, Fi, radioimmunoas-
say (RIA) ®44=rIRIE (bioassay) ®FED
WEINTWB L DD, bFGF i3 monoclonal ¥t
REFIAL CTHIFFRORIENE S ERIC T
BOMOREELINLEC D & LI Ll X ) BEEM
fals EoBMMAERTLAFERE IR T &
23, A bFGF EEDEE L D> T\ 5,

T, KTk e + %5 5 DFGF % 4
B, W80, HDFGF polyclonal k% Hv 7o
RIACCTHEMEHEY Y © bFGF E% 51 L
F1Z bioassay dMfT 5 L2k b ZDOEHEME
YHERR T D L\ O FREY AV CREBABNA bFGF
FEEXRARI, L IHBESAN bFGF §E01F
RS BE VBT A2 Lck b, v it
K75 FGF o4& EREZRE L1z,

MRAHE

1. ¥

(AR B RZ M BB B O 1038 b i fe i BU
BARAOEERR T, BEROFEORBEXERS
2T, NLMEROSHREICHRED 2 M ER
BRI LR & Ue, WEREE Q28R
3241, FIARTE(14~1638) 6 B, AL (20~24
) 661, wEE (37~40EKH) 126K OHEHR (41
BLE) 66IThD, HEHIBAEIRER, BF

AERE4E3 S

Human placenta (cut and wash with PBS)

)
Homogenized 0.15M (NH,),SO, with blender
i
Rehomogenized with polytron
2hr mechanical stirrer

l

Ultracentrifuge 20,000Xg 20min
{

Supernatant adjust pH4.0

1)
Ultracentrifuge 20,000Xg 20min
!
Supernatant adjust pH6.5 (crude extract)
i
CM Sephadex column
eluted with NaCl gradient (0—0.6M)
i
Heparin sepharose column
eluted with linear NaCl gradient (0.6—2.5M)

1 Preparation procedure of FGF

B X BIEgRF OB IR R O B atEl, &k
B, BRBEOWMEMR CERER:E X dhicd
DOKRRELTH 5,

2. i

1 #8725 bFGF Ohhi, ksl

HEHIEREES, KB D F 0] RHPEL O ICER
FIFEBIR Y, Gospodarowicz et al.?D FEE: (K
1) w#t>T bFGF o 2 BtA LTz,

A e, 0.15M (NH,),SO, (weight/
volume=1/3) # T, Homogenizer AM-3 (A&
¥ T 54, X5 Polytron (Kinematica)
12 C 3 4> fd homogenize L 2 B R o # #:7%,
20,000g, 204FH, #ELOL T, "ESE%Z0.5M
Y v T pH 4.0 F8%, BEEE (20,000,
200D LT, £ EE%4M NaOH =T pH 6.5
g LI, ZhHEBHEREL, Chiedgih
HEABYBIER, »5,»LU»100mM  sodium
phosphate pH 6.0 CF#{t L T ¥\ 72 carbox-
ymethyl Sephadex (CM Sephadex) C-50, cation
exchange column, 2.6X100cm (Pharmacia) i
¥, 100mM sodium phosphate, pH 6.0T#k
%, #i\~C0.15M NaCl, 0.6M NaCl in 100mM
sodium phosphate, pH 6.0 C#H, 0.6M NaCl
SEAYFERLE (K2), Zh%ibIZ, heparin
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X 2 CM Sephadex column 200ml 0.15M X 0%0.6
M NaCl in 100mM Sodium phosphate pH 6.0TD
B -5 -,
fraction size 10ml, column size 2.6 X100cm, flow
rate 1ml/min

Absorbancy (280nm)

F-
bioactivity cpm X 10° (o—o)

¥
510 20 30 40 50

K3 Heparin Sepharose affinity chromatography
0.6~2.5M NaCl in 10mM Tris HCIpH 7. 412 X %
Bt g —v,

Sepharose CL-6B, affinity chromatography
(Pharmacia) &#HmML0.6~2.5M NaCl in 10
mM Tris HCl pH 740 BERNEFHIC L
2.0M NaCl 6B HTAEH Y -7 05 EEH
Bl (K3).

BHE L UA-5 detector ISCO) <, 280nm T
ODHKEEXHE L, &% HEIXPD10 column
(Pharmacia) I CHiER, LAToOFRICEEL 2,
R ZOBIEITRTA4 CoOBE T TR,

2) A, ¥Rk X 5 bFGF 58O, &
O EIRER DR

R 331

B D5 FE L REEMOKRRIZIX Laem-
mli Zi% A\ 7z sodium  dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) &
1 human bFGF monoclonal #it& (MAb78) %
/8 L T enzyme-linked immunoelectrotransfer
blot(EITB)IZ X b 4#7 L 7z, SDS gel 13210~20%
gradient gel (F—1t3), 5F &~ — % —i% Phar-
macia X DA L7, FfBEiX Coomassie Bril-
liant Blue X% O* Konica immunostaining HRP
kit I1S-50B (Konica) %@ L1,

MAD78% human b-FGF ¢cDNA & X % recom-
binant bFGF % BALB/c mouse %L C,
hybridoma % b fES U 2= itk T, REKRTEHK
Kt X v it5E%x 5 1F71?,

D OREEIFIC BT % bFGF BREINRE, 7
FARG AR RS 6 Btk & 3kt & L TH# B D bioassay
RAWCTRERF L,

3) RIA

DT M, ¥% L % bFGF % & % bFGF
radioimmunoassay (RIA) # v + (Amersham)
YHAVCTHEIRE L, ¥ v P ARX bovine recom-
binant bFGF, 25I-bFGF, rabbit #i bFGF #i{&,
donkey #1 rabbit serum £}# magnetizable poly-
mer b5,

A bFGF #i 1 1Z bovine recombinant bFGF
100%, human recombinant bFGF 1295% D3 X
%L, Des 1~15 bFGF (bovine), acidic
FGF (bovine), 1 v 2 —u 4 # v (IL)-la
(human), IL-18 Chuman) 23+ £ 40.01%LL
TORXXTHHY, EicE*x v iz L % bFGF Hl
E D sensitivity 1212.5fmol/ml TH o7, BlEE
HBERFOERAEYS ) TREA L,

4) Bioassay

RIAZHWId D EE—DE K % BALB/c
3T3 clone A31#if@ (Cancer Research Resources
Bank) @ DNA ~®?*H-methyl thymidine (New
England Nuclear) B9 A& 2 FIH L CEYERE
& LCoMRREEERZRE L.

RiEHE, Klagsbrun et al.' 2o kS %
ITFoZ & {727, 96X microtissue culture
plate (Falcon) lwell 24 b 1 X104E o g %
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10%fetal bovine serum % & ¥r Dulbecco
Modified Eagle Medium (DMEM : Flow Lab.)
T incubate(37°C, 95% air, 5%CO,) L, confluent
WEOHE, BEROTHIL T4 AHER, M
fax B IERBICED L, WEEREE LD
500nCi/well ®*H-methyl thymidine % 50 %, 48
BB E LT\, well o8&, 0.25% +
) 7o v0.02%EDTA i Tl fe 2 &I L, Cell
Harvester (PHD) i T4 well F#0*H-DNA % [E]
I¥ U liquid scintillation counter (Packard) Tl
58 L7z, Control & LT HiE&YRMD DMEM %
back ground & L, S&AEHOEEL L T10%
fetal bovine serum % f\ 7z, {EMMEIX RIA &
B, HHBEFoEAEYEE L LTRE L,

5 BHEE

EHEEX bovine serum albumin (nutritional
biochemical) % standard & L, Bradford &5
X hHEIEL 7,

6) IR

FERIZ, FHE M EERZ (SD) ©TRL
ABMOBRECI t REER BV,

1 2 3 KDa

1

20.1

14.4

K4 SDS PAGE analysis
lane 1 : Protein standard mixture including oval-
bumin (M.W. 45,000), carbonic anhydrase (M.W.
29,000), soybean trypsin inhibitor (M.W. 20,100),
a-lactalbumin (M.W. 14,400), lane 2 : 1yg human
placental b-FGF, lane 3:Enzyme-Linked Im-
munoelectorotransfer Blot (EITB) with MADb78

REmUEI S

B &

1. BEY R4

FE 8544 % B, Laemmli I THkEY 3 %
SDS-PAGE i CTHE—~"v F &b, ZFEIXI6
kDa T®>7z (K 4), SDS gel 225 Clear Blot
Membrane-P (Atto) ¥ % (western blot) L
72 % % Enzyme-Linked Immunoelectrotrans-
fer Blot (EITB) i k> T EiLDBE— v FiX
MALT8IZTHEY Bz (K4)., ZOHKR, A
Hi 58RI C bFGF O 7R, RREIHER I hic,

2. bFGF BRI KT 5 EH K O EIRE

BIRE 6 ELrLOHBEY I THBERE
21,812mg, maxial mitogenic effect 1X10°ng/
ml, half maximal activity (EDs,) 8X10°ng/ml
©, Gospodarowicz et al. D#E3 % unit H=C°F
B+ 5 &, total activity (22.727 X 10%units T H
i (B5, £1).

CM Sephadex TOEH & — vV IZK 2 KR T
T E <, 0.6M NaClToDpeak T & & & \»
bioactivity (6,984 +1,048cpm) & 32, EEDE
IR E13121mg, maximal mitogenic effect 1X10°
ng/ml, half maximal activity 6 X 10ng/ml, total
activity 2.017 X 10%units, recovery of biological
activity 74%, ¥EELERIT1336E (WTFhdFH) ©
Hote (K2, 5, £1).

Heparin Sepharose D% —v (K 3) T

bioactivity
CPM

A
5,000

FBS 10% 1<

2
4,000 1 8
1

3.000T
2,000+

FBS (-) 1+

b 4=F 1 4
1 10 100p 1 10 100n 1 10100 1 {p, n, i g/ ml)

X5 RFEEEMEOREHMMEIE
1. O : crude extract, 2. A ! CM Sephadex,
3. 0 ! Heparin Sepharose
< FBS10%®D = v + v —it4,800cpm, <« FBS (—)
Da v+ a—Aikl,800cpm
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#£1 e B8 (kg »5H0 FGF EHR
EHE | RAEM | EDy* EIEMEr  (EIRER BRK
RSB | g | tg/mD | mg/mD | (X10uwnito) | 08 | G5
pickiilssk ] 21,812 1 X10° | 8Xx10° 2.7265 100 1
CM Sephadex 121 1X10% 6x10 2.0167 74.0 133
heparin Sepharose 0.028 1 0.06 0.4667 17.1 133,333

* L EDso I ATEMDS0% DAEMER LB T HBE LEHKT 5.
** 1 units XRKTEREDON%EHEL T3 FGF & & EHT 5,
o EIRREBEE OB TR T AR TH B,

1%, 1.1M NaCl iz’ &\~ peak, 2.0M NaCl iz &
X bk &\ peak & 72 H F 1 F h bioactivity
& iR % 03, MAD78IZ*3 % immuno activity (&
2.0~2.5M NaCl D 5B D HRBD1z, BEEHED
B E130.028mg, maximal mitogenic effect 1

20.451:4.85

N /

1.81x2.11
1 / 7.41£2.07 7754186
7
5 /
W mERE EMeE & 8

RHEE
R6 £HEERA bFGF

9.52+5.02

ng/ml, half maximal activity 0.06ng/ml, total
activity 0.467 X 10°units, ¥&HIZ2133,333%% (L
ThEHThHol(®3, 5,%F 1), Bioactivity
THBHERKRLT.0+7.4% & 1s b, LB R T
Hot.

3. EEIRE Rz &b bFGF &K O bFGF &

WERE E) X161 Y ORBERIVE
Dicd 2~ 3PS EEDTIRABEL, HiH, B
B A, PHARTELAEOFBHI T h 2 BRI AL
BL, EEL,

1) RIA ,

ez A bFGF & (fmol/mg protein) (X%
BiTl11.8+2.1, AT T20.5+£4.9, K,
T9.5+5.0, MHICT7.4+2.1, BEIEIRT7.8+1.8
Lich, PR EoRH L b 3 FERE@E<
0.025) &<, ¥l mlloMcbERE
(p<0.01) Z/RL (®6).

2) Bioassay

B4 bFGF bioactivity (¥ cpm X 10°/mg
protein T, U7, #1H1C3.23+0.26, FHAFIF
3.77+0.21, = HH % ¥2.66+0.61, # #i2.57+

J=0+0=0 QB\~038~ >—7T

41 3.77+0.21
3.2310.26

. .

2.66+0.61 574033 264+0.33

<p@unoo—w

P
2

TR PHRETE ERE¥ B R
BEE

TJ=0+0=T Q3\E8TO0O

K7 £HEBERA bFGF 04 %%

BHEHHb00, —EDOHBEERL .
£ ¥
1. A&+ bFGF 0 RIEEIDOWT

0.33, 3@8#i2.64+0.33&, RIA FER, #HiClit
B EE TR — 27 e b, HEHTRE
T35, EFIBDD o bR EIRTRE O BEIE
Brdabinboleh, W BHoMciERE
D (p<0.025) BFEELE (M7), RA—#kc
1+ 5 bioassay & RIA f & DRIciX, BT OE

bFGF DfER%Z 5T 5% 5 2T, —2DK&7
fEE L o> T\ B DD, bFGF s ¥ 72k
BPETHH EVS ETHS, bFGF mRNA #iER
X HEBRHIT N THWREEIESTH> 7 F
ANEEFIR RINL T\ 5 & DIEFELDH 5. bFGF ©
18kDaFIDFEMD IED 7 3 VB> 7 F LIT
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BOTWBEWIBL D BN, ZhéTHEE
Bjv 7 FABFE LT EL IR E S 2, 18
kDaZi FDF 0 A AN R B T H 5 4T #EF
bEGF 13 = B F|EZ R\ T 519, & il bFGF
NHLEIR 7 autocrine R TH 5 & & HEEHIC
FBETAHLDTH SN, PR BRFTOREEY
WETAHZ LY, ZOYWEOEEWIEHH
B35 LI BEOMEFEOILDIIIKE kE
=L 7c5, i, bFGF O AR E R EE (TR
RS THETH Y, 612 bFGF EBKA Tk
AR VEEHES A~ T VRBIERERI RS
extracellular matrix E & L CHEET S 72
D, BEHBEETISET S LARETSH
%,

BHEOBETFTHD LV XL TIE, recombinant
b b bFGF % #1 bFGF #ith % fFR 3 5 & L 1X A
#worie <, B oho RIA ~ 2 7 A0HE
xh, BiFiEREB w5, L, fidoH
HiC L D AEAHBEEOWTORENIVER L X
HTW IR, Z 8T, KRR TRERKA X » bFGF
PO RBHEL, RIAvEEL, ZOBEK
% 3T3# A% FIF L 7 bioassay I THEBKEEF T %
Lo Titkw & otz

Bioassay O ¥ & 7o B MR & LTk, & KEIIR
PR B A R =5 A 1L 8 P9 B2 A B 0% bFGF 12X 3 %
VS 2 —ERBETHD, X VEBRTH B,
MR HBELREY AFTI00RETHD =
L, FBEIEE SHAITIMEEEY AL bFGF 1%
EOoFEELZEEL, BETEA/RZEBCS
ey, 3T HERLL,

AT cHE, BE L R E %12 SDS-
PAGE T, B—A_v F&ieh, 4FEH16kDa
THBH L, hoPie F DFGFHifEH AT
EITBic Xk v Av F &L Z L X Y bFGF
ThHDHZ ENERI NI, B, WmIER Rk 0
528ug O¥EEU (DFGF) 28 bhich, Zhix
Gospodarowicz et al.”%°, Biswas et al.?D#E
LIE—FK L, ABHENBRE TR, BEFLS
BThDH T LRI NI, RBREREALTY% &K
7z DX, bFGF DB EEI D TE L, 230
L s v< b /T 7 4 — BRI R

HEME44E 35

EhalcdsBbhd, KEOZLL 2D
=757 4 —ReFERATHHEETOEATIX
BHHH, 6EDOHRENGOBINEILLZIGEKRE
WENRRWC E XD, APFREO X 5 X EHE A
HHg L LB ERTICIREN R EE 25,

RIA & bioassay fE D BT LB BIF T H D
7o, AP B v RIA o fifk ik aFGF & O
bFGF & BRI % Do IL-1a, IL-18 £ D
ZE20.01%TH B = &, ¥ 1= bioassay TRIEIC
7¢% EGF 7z & @ growth factor 23 A#hH #ETX
aFGF # & BITREBRA B E b, &
DFERIEHRINTITFHETES, Lo L, FGFs 7z
£ D autocrine WE & RRFHCEE L ICHEI
(L# 1 bioassay & A\ oM s 2 T b I BIE RS
Bt 5 80T % ¥ & 5. Bioassay DEAHF
B AHROKEL, —FEoME, BEEREY
Iz I EEAER S bFGF EENTIRETH 5 &
ERRTEDTH D,

2. BaMBE A bFGF DRI fE 5 BEHITD W
T

Fa 4B #% P bFGF BE X MH B Fo£EH
Biext+ 5 bFGF i Lo Tl L, #wiRkER
EmEET, SRy - 2 & e b DS
T5.

AR (BEIR14~168) (XERERK L& 2
ShTwhIRBOMBBEBE BETHORYTSH
b, §&F17s growth factor, angiogenic factor T
» % bFGF O BB r R E s = ORFEIC peak
RT oL IRBARONE, Sk, MEEHE
= bFGF 0B 5 % MBI RR T 53D TH 5,

ITPR24 ~ 2838 K OMEE28 ~ 328 0 e # & £REXL 7]
RETh o, ORI L I HREMIL, F
B, EEMEFEREER ST S IEREANIER
ERRERD, ABMROKR L IILLINND

e, B, BEEIRCHEMEER & 2RO R D

L3, BMEERRIE GIAER) WRE O\ BT
RGBS OB E DB BEE TR\
»EBbh5n, bFGF oEARE L E, IUGR,
ICIRRERE L & DREIERE & OBBEILI bItBR
hhiEebisng, RRBOSEREICZ O X 5k
&) % 7~ 7 bFGF L4+ @ growth factor 23# &
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INnTwiswwZ &, LT bFGF 2\ EHF 4T &
DR I EIEM O Z LD, DFGF 234
BHRCEELCWAZ LI TAHEIRY 5,

& B

bFGF ZBABENMETHHZ L, 1O
EHIEME I D, ZToMREEERREPLET
% in vitro OFEIE A I s e by i H T & TR
BB, Lrl, KBEIC L b EEEKN bFGF &
ENFRTH D Z LRI N, ORI O
BB bFGF 2\B5 LT\ 5 2 EBNRBE h
7o, TOEBOWELFEL, RiE, TF, IUGR,
IEYRAREIE 7 & O EFER S FIR O FERIE O B,
EHLRBIFEABEEREDOMFEDO—BI LD T &
BRI L DTH 5,

BaKb b IS, FIkOREL ED IHNEHEGER
HEMERSHICEB T3, ARNOE B XF42E HARE
R ABF L MNEES R U630 B AR 5 WS
MRkerwTHEELL, FLHMREBIXNTEHERRE
62570745, 0157092212 5 HDTH 5,

X ®
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