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Purification of the Smooth Muscle Cell
Derived Fibroblast Growth Factor and
Its Biological Properties

QU Zhi-Ling and DENG Zhong-Duan
(Department of Pathology, Tongji Medical University,
Wuhan 430030, China)

To investigate whether smooth muscle cell (SMC) de-
rived fibroblast growth factor (FGF) plays a role in
atherogenesis, this growth factor was purified, and
some of its biological and biochemical properties were
determined.
Methods

ing a substrateattached explant method. The SMC at

The rabbit aortic SMC were cultured us-

the 3rd~ 5th passage which grew well were collected
and sonicated. The sonicated was centrifuged at 10
000 r - min™ and the FGF was extracted. The chemo-
tactic activity of the extract for rabbit peripheral blood
monocytes (MC) was assayed by using modified Boy-
den chamber. Subsequently, the extract was loaded on
a column of heparin-Sepharose and a gradient elution
was performed. The effect of the eluate fractions on
DNA synthesis of NIH 3T 3 fibroblasts was assayed by
using *H-thymidine (*H-TdR ) incorporation into
DNA of the cells. To determin the molecular weight
and reactivity to anti-bFGF polyclonal antibody,
NaDodSO,-polyacrylamide gel electrophoresis (SDS-
PAGE), immunoblotting and an image processing sys-

tem were used.
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Results

tactic for MC. The fractions eluted in 1. 4~1. 6 mol

The FGF extract was significantly chemo-

L" NaCl from the heparin Sepharose were mitogenic
for 3T3 cells, and the

were 2~ 3 times as much as the control. The purified

*H-TdR incorporation values

molecule had a molecular weight of about 18. 4 kDa as
determined by SDS-PAGE.

showed that this purified protein was positively im-

Immunoblot analysis

munoreactive to an anti-bFGF polyclonal antibody.
Conclusions The purified protein from the present
experiment is bFGF. It suggests that the SMC which
have migrated in the intima may release bFGF when
injured. Basic FGF may play a role in atherogenesis
through inducing cell migration and proliferation.
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tor, FGF), ## X 2%,SMC & # Iy Rt Rt o 2 ¥
Wom B AR, LA & F P ZAT 3K 1. 4~1. 6 mol
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A Bk P 5 Bk AR SMC 1 A 4 B3 1 3
1E Bk 38 ¥ 78 4k (atherosclerosis, As)BEHfY
REMERPEEEEMRY ., MC 1 SMC #93F
BHAMMZANRENRRE™ENBLETF.
EREFREEHAREFHEE. EEZER
HFH.FGF BRE S5 As A EMAR,
AKEXE. B4 FGF YL (bFGF .4 F# 16
~18. 5 kDa) M &tk (aFGF , 4+ T & 16. 7 kDa)
P ZHRS TEM P TE SR IS0
HEHR®, AW, EM&K.bFGF T 5HET
MHSPER R BERETHF RS TGRS
MIF )% & M A A EE s BRI B B K
R R K AT . fE W RE A 15 Y FGF Bk 2Bt
REEGYMEAERLEW¥ DR . TH, NEH
BEMRGEIRTEWE FGF®, R XM H/ME
BRI A BBk SMC A B 8, i HAh 4l
. FGF, 3¢ M A 2 Thi, A BHHAE As
RERBRPHIEH.
1 #HEF0A %
1.1 Fal et sEfokiE

BBk E3E R SMCY, Ra~6 ARG LMWEFH
BOARABRFEAAT 2/3 BV AR L mm® MR E
BTEAMAEHRELE 109K 4 &1 i (Gibeo 2
) # M199 (Sigma A F]), 4d~6 X L AR A M K2
KR W, 14~16 T KFME A 0. 1% B E & 8 (Difco
APHMER. BEKRERFHE 4~5 K SMC,
D-Hanks #& % it 2~3 &, A & % vy ok #5248 J #) £
@i, kE T — % 84 D-Hanks A HF,-20 CRFE
A,
1.2 $FRFHIEE RKEFHRR

ABFREENHRERG O, B, FRAK
F A X P i B & (phenylmethysulfonyl fluoride,
PMSF. 50 mmol « L), UiV #l B A £ A M X E &
KB, B#EH S 10000r « min?,4C) 30 min, Bl £
REZEHSHcEBERER . IELFEN A FGF &
B4, 20CREEH.
1.3 SFEEMERE KEFaO4it

# B Moscatelli $°'877% % ,1f FGF 8 iy A K
FHOFERGL-6B) BT BT EMEAN KM 2.5
g Bf % % 5 3% 15 #% (pharmacia), i5 F 10 ml K & .47 4
HEXN 100 mmX 10 mm B4 A, A4 0.1 mol - L7

NaCl # Tris HCl (pH 7. 0 E A K A % 4 h, UK £ B
BH. AEHBFGF RRHRBMALEENEA.A
LKB # BAT A R # T E47. £H 4 0.1 mol « L NaCl
# Tris-HCl £ A A KM 30 min. A EEHEL L E
Btk Ez, KEH#THE RN, R AH Tris-HCI
(pH7.0)%4 0.1~3.0mol « L' NaCl, %A &€ 4 1.4
ml min". FRAMGEFAL 2905, #H 0.88%
NaCl #7& 4 . B R &Y 2 F & 5 10 000 Dalton,
1.4 FESHREREFHEDFFESE
L4.1 Mem@Zampabtifn %41 MC &
AEFERERNYREG T EHT. HELAK
PAESBERCERRKH D100 ml, w A\ 60% 2 ¥
HR(EBEEAMNSmL AU B L2 M HE
B 2HMERELESMC. 04% SR BEELRE,. &
W% ERKT 0%, 484K %A & B # Boyden ¥ i#
7', 2 44 (Table D, EEHRUFRFANAAT
1% DME/F12 # # 7% (Sigma 2 8]0 #| &k MC £ # . %
HTEAR TR, CHEHBE. TEAFELLE, &
CS, i MCHRBHANEY QNS A AN
BA.TEALOAFERE. T LB :QBLES
. TEHFGF R4, UELRNERTAFALEY;
QEFRHA. L TEAHFCF RRY.UBAET
EXFGF RUHHEEBERMCHEIR . HENR
REALERFER. NELEY 90 min 5, B H i
B Harris RAZRE, ERRERA TR NS4 MC
hIHEY. SHEENLANS NS . FHETKREHS
IOAMMHEL. EEPHAFFEL G, #1744
WEAE LK F £ T,

.42 BELSBEHERKR B NIH 3T3 44 %
WHRAKFEWARGEOET, FHREAL L0K%A
4 1 3 65 M199 (Sigma A 8). ARk #E.H 0.
I Eas At S REHE K, L 1% DME/F12
BAWHRESigma ADPFABEE A 1.2X10° «
L' 2# T 3N ILERR. G maEE IR 200 pl.
BEHR24hF RE L0, BUSFEHNFERA. B8
ALA—H . £330 0, FEFARANEENEN U DE
H20pl(HBHET ), EH 200 B N R-BRER
# % CH-thymidine,H-TdR; Y B H1 ¥ E F & K
B AKREHBILLOpCi #EEH 4h B, RERHF
# ,D-Hanks & 9 f& # 2~3 K .4 3. /m A 0.1 mol + L
NaCl 200 pl E B AR, XK RAEH 7 mL A
ISP, 8 24 b K A BRI H0B BT KA
FE.
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Table 1. Grouping in chemotactic assay using modified Boyden chamber.
Croup liquids of minocyte suspension in upper well  experiment liquids in lower well
(1) positive control DME/F12 activated serum
(2)random migration DME/F12 DME/F12
(3)chemotaxis DME/F12 DME/F12 containing FGF extract

(4)chemokinesis

DME/F12 containing FGF extract

DME/F12 containing FGF extract

1.4.3 S¥EME A NaDodSO,-X 7 ¥ 8 K& 4
J§ &, ik (SDS-polyacrylamide gel electrophoresis, SDS-
PAGE)# T UAMAABERHL QA EH KD &
RIE ATFERAES 4. F B H (lysozyme) 14. 3
kDa .34 % & & (B-lactoglobulin) 18. 4 kDa. B¢ & 1 B
J& (trypsinogen) 24.0 kDa, # ik & 4 & A4 Tris-H & B
£ A A (0. 025 mol » L Tris, 0.192 mol « L' H# £ &,
0.1% SDS). 2x H# A& A4 0.1 mol « L' Tris-HCI
(pH 7.0). 0.4% SDS.20% # i . 20%B- K £ Z 8 fv
0.04%EB YT . kA 20mA BARASTHT.AER

EREERGS —wmuFE. RERK.XEAGE,
# F Coomassie ZE R250 A P 2 4 h KR E K, F K
BR-FEAAAN: DTRE,ZEEAFEMAL.
BEHFASPRARARENESEE TR EHXK
rEORHRTE.
L4.4 BERTMT BERERLALER-F
GRAAREEAHBETHBRAEEBRE AEHY
PBS K #. AT/ . WA bFGF £ XAk + 25),
ZHEHRADAR TG (121000, FEwEFSP (1:
100),DAB/H;O, 2€,. A TITY 300 B R L E R %
MXHELAB S AFEM.
2 &R
2.1 HHEBERERRFREDIR MDA
MiapyRatitie

LHEST 3K/ 30N EH. F4AH
MC #%3h#E S W Table 2, M Table 2 ffiR . #1k
EFAMPEENMBEAEN MC BERYH R
KTV AMLERIH 25T F A,
£ RERIERT L P<0.0. HHLEHMA
89 MC B3R S {LF (RS Bl PR R
HYMC BHERBER AT HBLEDHA, 25
A, 2 B B E R L (P>0.05),
2.2 EBHEEH¥ NIH 3T3 T4 MIRMNE
FayRRAR
¥ 29 BT B A MM AR TR

Table 2. Monocyte migration distance induced by FGF

extract (xts, pm).

Group n migration distance
(1) positive control 30 100. 231+10. 62
(2)random migration 30 68.47+17.99
(3)chemotaxis 30 89.001+15. 36
(4)chemokinesis 30 73.33117.06

NIH 3T3 40+, F IMAH-TdR, & K3 %
VSRS B 45 4R 0 R IS BE L S5 SR L. Figure 1,
AT AS 23 M 24 FHBRHAHTIR B A
NIH 3T3 41} DNA IR, _EHETHE 1. 4~
1. 6 mol » L™ NaCl fy ¥ BE M BB T 3K .
2.3 HFRWE

BERAVBHAELSME®MNAST 23 1
24 317 SDS-PAGE, % B % Coomassie 2 5
R250 Jefa )5 BRI B &H . HIBERS
SFEFRERBIRESHY . IXWAA5n
40 FE 2% 18. 4 kDa (Figure 2),
2.4 BRERTHH

B EARAEREHEBHELSREHENAS
23F1 24 AARGE SRS THRAKEE I,
A $i bFGF £ Hiik, % DAB/H,0, B &
&, AE G A ZER I, KEEE BREARE
B Y EE{H (Table 3), ETXFAANATRES
bFGF Hifk % &, B R4 5 8 bFGF,

Table 3. Immunoblot analysis of the fraction 23~ 24.

values of integral
Groups . .
optical density

146. 98

fraction 23~24
1-fold dilution of fraction 23~24 82.58

control 0




=204 -

HEBPBE L E (Chinese ] Arterioscl), 1995, 3(3)

2.20 ¢ RN Yy
+ - - '.a.
1.83 s 2,16 '§
P =
1.47 -7 8
- - - b 1,62 X ]
5 * 5
1.1 i » / .08 ¢
H I R4 + -7 - \- Val "E‘
80.74 /\ */\r < ¥ e E
| " - ¥ F-+ / 0,54
* t\-'—/' = "'4‘4"\ +”\ / / N ‘é
0.38 Prd +7 + i §
- 4 " A A e & .oo
2 4 6 8 10 12 M4 16 18 20 22 24 26 28 30 v

Fraction number
Figure 1. Stimulation of DNA synthesis in NIH 3T3 cells by the fractions from heparin affinity chromatography.

Cells were treated with 30 fractions, respectively, incubated for 20 h, and then pulsed with 1.0 uCi of *H-TdR/well (96-well
d i intillati The figure showed that fraction 23~24 re-

iy I by 11 ing

vealed a strong stimulation of DNA synthesis (*H-TdR incorporation).

plate) for 4 h. Incorporation of radi

Figure 2. SDS-PAGE of pools from 1.4~1. 6 mol *
L' NaCl eluate (fraction 23~24). Fraction 23~24 (lane
B) had a molecular weight approximately of 18. 4 kDa. Molec-
ular weight markera (lane A; lysozyme, Ly 14.3 kDa; f-lac-
toglobulin, La 18. 4 kDa; trypsinogen, Try 24 kDa).

Coomassie brilliant blue stained.

s it

X FGF SHEHBENHY . &1 F FGF
EESHK E#ER TREA DRSS 8. F
TRAFIE I SMC BEBF, URRARA
FGF. 2 X FMEN BT A NIH 3T3 48

HMEI MBI DNA 4, CH-TdR B4
SCRS 23 24) . HRASHTRERZSH
BLERM S bDFGF SRR MNKLA. T
B.% SDS-PAGE BiR X4 FR4 18. 4 kDa,
REEYE SR MM bFGF 24—
HOLEE RIS T RALFAILAS
3% bFGF.

FGF R —#Z#RT. EENNFE
A RS A B, SRR B
I P B 4 L I SMC | IR, B4 B 5 B4R
R.EgHEENSAR.BERARNIKRAES
AT RS, B—7HE.FGF t@&—fEik
AT A3 BA AR . A2 SARNER AR
HE R LR G REH,SMC W FGF 8851
& NIH 3T3 HHI7 , 68 3 DR LR P i A AR
MitH. FGF R HF L NMBLHFE UR
KRR To e ER BREER
R ERTREETEER.

SMC {14 FGF £ As R PR A fEH 23X
B~ AMEBRITHFEE . BT Ak Rk T
A ERMERMBFEEEEBENLERN
SE SMCH, e B YR ERMBH TR
As BE PR & F B W40 M B SMC B#
PR R, S H BRI R NPT
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i R RE FLIEA N BT PR SMC A B
BB IFEAARSMER(RR A EARE
HZ8), BB 4 R A SRR
W RS B AR R AR & B R LB BBk
ErEAREmAARERBEES REAR
BRERBEGHET T EWARFERZES
HERAE B, E S B AR EA R R,
T 32X 8 B 3% O 20 B B T 5 1R 19 R A A
SMC. E W40 ity 4R A5 8 E3E =1, X, FGF
i AT A L3 32 45405 B 40 B P R B O L T 51
I VR B 1 4 4 58 5 N P BB SMIC S . i
EL, #ATTIA 9 SMC ¥t FGF £ As AR X
RpEE—EHER.
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I Rk EK
HEFAHER
HEFMRERET
MR
PHRBOR
RERER
NREFEAH

LEE AR
MM

interferon-induced protein, IIP

heart rate variability, HRV
growth-regulated protein, GRP
macrophage inflammatory protein, MIP
macrophage-derived foam cell, MDFC
glutathione, GSH

peroxidase, POA

angiotensin, At

plasminogen, Pg

fibroblast growth factor, FGF
antioxidizing enzyme, AOE
antidiuretic hormone, ADH
antigrowth hormone, AGH
antiapolipoprotein, AALP

lipoprotein lipase, LPL

adhesion molecule, AM
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