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i In order to localize a rich source of basic FGF receptor, we examined the
distribution of basic FGF binding sites in brain, stomach, lung, spleen, kidney, liver
and intestine membrane preparations from adult guinea pig. Comparative binding
studies using iodinated basic FGF showed that a specific binding was detected in all
the membrane preparations tested. Scatchard plots from iodinated basic FGF
competiton experiment with natve basic FGF in various membrane preparations,
suggested the presence of one class of binding sites in some tissues such as liver,
kidney, spleen, lung, stomach, and intestine with an apparent dissociation constant
{eppKD) value ranging from 4 to 7.5 nM and the existence of a second class of higher
affinity sites in brain membranes with appKD value of 15 pM. Characterization of these
basic FGF high affinity interaction sites was performed using a cross-linking
reagent. These results show for the first time that specific interaction sites for basic
FGF are widely distributed, suggesting that this growth factor might play a role in the
physiological functions of a number of adult organs. © 1989 Academic Press, Inc.

Introduction : Basic FGF , a 17 kDa heparin—binding growth factor, analogous
to eye-derived growth factor | (1), induce 4 wtro the proliferation of a wide variety of
cells (2, 3). One of the first steps of induction of the mitogenic signal is a specific
interaction with high affinity cell membrane receptors that we and other groups have
identified on wvarious cell types including bovine epithelial lens cells (4), mouse
muscle myoblast, 3T3 cells (5), baby hamster kidney cells (6} and endothelial cells
(7). More recently, several reports have described the existence of a second cell
membrane —associated binding site (8, 9, 10) which might camy celi—associated

heparin like molecules (8, 9).

1t whom correspondence should be addressed.

Abbrevigtions : Basic FGF : basic fibroblast growth factor. DSS : dissuccinimidyi
suberate. SDS : sodium dodecyl sulfate, HEPES :  4-(2-hydroxyethyl)—1-
piperazine ethanesulfonic acid. BSA : bovine serum albumin.
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The physiological function of this class of low affinity sites is stil unknown. However,
basic FGF has a strong affinity for heparin or heparin-lke molecules (2, 8 11, 12), a
property that has been used for its purification (1, 2, 3). Since heparin or heparin like
structures have been shown to stabilize the bidlogical activity of basic FGF 4 wto (13,
14), it was tempting to suggest that these low affinity membrane associated binding

sites might represent 7 wiw a mean of storage and/or protecton for basic FGF (15),
from which this factor wil be readiy available. The ubiquitous tissue distribution of
basic FGF prompted us to study in this work the distribution of low andhigh affinity

binding sites of basic FGF in tissue membrane preparations from various organs.

We present here the results obtained with brain, stomach, lung, spleen, kidney,
liver and intestine membrane preparations from adult guinea pig using the assay that
we have recenty described for bovine brain membranas (18).

MATERIALS AND  METHODS

— Materials : ['25]]Na was obtained from Oris France, disuccinimidyl suberate from
Pierce Chemical Co. High molecular weight standards and all the reagents used for
SDS —Polyacrylamide Gel Electrophoresis were obtained from Bio—Rad. Basic FGF
was purified from bovine brain using heparin—Sepharose  chromatography as
previously described (1),

- lodination of basic FGF : Basic FGF was iodinated using the chloramine-T
method (17) with the following modifications. Briefty, 3 ug of basic FGF in 01 M
phosphate buffer (pH 7.4) containing 1 % polyethylene glycol-1000 were incubated
at room temperature for 2 min. with 1 mCi of ['25]Na and 20 uM of Chloramine T.
After additon of 100 mM N-acetyityrosine, free iodine was eliminated by heparin—
Sepharose  chromatography. The biological activity was controlled as  previously
described (18) and ['2%)basic FGF was stored at 4°C for two weeks without
significant loss of the biological activity. The specific activity obtained was ranging
from 1.7 x 10° to 3.4 x 10° cpm/pmol.

— Tissue _ membrane _ preparations : Tissue membrane preparations were prepared

according to a procedure previously described (16). Briefly, fresh brain, intestine,
spleen, lwver, stomach, kidney and lung were carefully dissected from anaesthetized
adult female guinea pig (250g), weighed, cut into small pieces and immediately
homogeneized in 2 volumes of 20 mM Hepes (pH 7.4) containing 0.3 M sucrose, §
mM EDTA, 1 ug/ml leupeptin, 1 ug/ml pepstatin, 5 Kalikrein Inhibitor Units (KIU) per
ml aprotinin and 0.1 mM phenyimethyisulfonyl fluoride (Buffer A) using an Ultra Turax
homogenizer. The suspension was centifuged (1,000 g, 4°C for 15 min.) and the
resuling supematant was then pelleted for 15 min, at 40,000 g. This pellst was
resuspended by 2 volumes of buffer A containing 3 M MgCl incubated 30 min. at
4°C and washed iwice in buffer B (buffer A containing 1.2 mM MgCl, 1.2 mM CaClz,
0.1 M NaCl without EDTA) by repeated centrifugations. The final pellet was
resuspended in buffer B, adjusted to a protein concentraton of 1 mg/ml and stored at
-80°C until used.

- Binding _ assay : Binding assay was performed using the procedure previously
described (16). Briefy, 15 ug of total proteins for lung and 40 ug for the other tissues
were incubated for 60 min. at 4°C with 200 pg (23 pM) of iodinated basic FGF in the
presence or absence of unlabeled basic FGF (300 ng) in a final volume of 500 ul of
buffer B containing 0.5% BSA. After incubation, bound and free basic FGF were
separated by centrifugation (5600 g, 5 min. at 4°C). The resuling pellet containing
bound basic FGF was placed in a gamma counter and the radioactivity measured.
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Non specific binding was estimated in the presence of an excess of unlabeled basic
FGF and represented about 12-23% of the total added radioactivity according to the
tissues used. Scatchard analysis of the data obtained from the isotopic dilution of
['25i]basic FGF by various concentrations of basic FGF ranging from 10-'' to 4 x
108 M were obtained using the LIGAND fitting program (19),

- Affinity _Cross -linking  Experiment : 100 ug of the equivalent of proteins from each

of the fissue membrane preparations were incubated in buffer B for 1 hour at 4°C with
10% cpm of basic FGF in absence or in presence of a 100-fold molar excess of
unlabeled basic FGF. The cross-linking reaction was then initiated by adding 0.1
mM DSS. After 15 min. of incubation at room temperature, the reacton was quenched
by the additon of 10 mM methylamine. Cross-linked membranes  were washed with
buffer B by repeated centrifugations (5600 g, § min. at 4°C) and solubilized by
incubation for 16 min. in a buffer containing 2% SDS, 10% glycerol, 70 mM Tris (pH
6.8). Unsolubilized materials were pelleted by centrifugation ; analysis of the resulting
supernatant was performed by SDS-Polyacrylamide gel electrophoresis in a 5-7%
gradient according to the procedure described by Laemmii (20) and autoradiography
at -80°C using Kodak X-Omat R film.

- Protein ___Determination : The protein content was determinated using the BCA
Protein Assay Reagent (21) with bovine serum albumin as a standard.

preparations. In order to determined the existence of specific binding of ['25l]basic
FGF in membrane preparations from various tissues of adult guinea pig such as
kidney, brain, lung, spleen, intestine, liver and stomach, 200 pg (23 pM) of iodinated
basic FGF in presence or not of an excess of unlabeled basic FGF (300 ng) were

incubated 60 min. at 4°C with 15 ug of lung membrane preparations and 40 ug of
other membrane preparations considered in this study. This period of incubation and
the amount of tissue membranes used corresponded to the maxdmum specific
binding observed (result not shown). Distributon of ['2%]basic FGF binding in
various tissue membrane preparations is shown on Fig. 1. Each of the preparation
exhibited ['25[lbasic FGF binding that was displaced by an excess of native basic
FGF. Brain membrane preparatons showed the highest specific binding (Student
test with p<0.03), representing 35+ 3 % of total added radicactivity.

Analysi Q the

Analysis of the interaction sites of basic FGF to tissue membrane preparations were
performed using Scatchard transform of iodinated basic FGF isotopic diution by
natve basic FGF as previously described for bovine brain membranes. Using the
LIGAND fitting program, Scatchard transform from each isotopic diution curve (not

shown) indicated that only data obtained from brain membranes were non linear,
suggesting the presence of at least two families of interaction sites in this membrane

preparation (Fig.2). Table 1 gives a comparatve summary of equilbrium parameters of
basic FGF. Kidney, liver, lung, intestine, spleen and stomach membrane preparations
exhibited a single class of affinity with apparent dissociation constant (appKD) ranging
from 4 to 7.5 nM (h=4) and a binding capacity ranging from 27 to 56 pmoles per mg
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Hqur_e___‘l_ - Distibution of ['25|lbasic FGF binding to membranes prepared from
various organs of guinea pig. Membranes were prepared from brain (A), intestine (B),
kidney (C), lver (D), lung (E), spleen (F) and stomach (G) of adult guinea pig.
Membrane preparations were incubated for 60 min. at 4°C with 200 pg (23 pM) of
iodinated basic FGF in presence (non specific binding) or in absence (total
binding) of 300 ng of unlabeled basic FGF. Bound basic FGF was determinated as
described in "Materials and Methods". Data shown represented the mean values ¢ SD
of the specific binding obtained, expressed in fmoles of ['25[Jbasic FGF bound per
mg of membrane protein of four separate experiments, sach in duplicate.

(*):Value significantly different (Student test with p<0.03) from values obtained for
other membrane preparations,

- Scatchard analysis of the data derived from the binding competition
studies. Membrane preparations obtained from brain (@), intestine (<), kidney (m),
liver (Q0), lung (O}, spleen (A) and stomach (/) were incubated 60 min. at 4°C with
iodinated basic FGF in presence or not of increasing concentrations of native basic
FGF ranging from 10-'' to 4 x 108 M. Bound radioactivity was measured as
described in "Materials and Methods". Scatchard analysis of the data obtained from
the binding competition studies were performed using the curve-fitting LIGAND
program. B/F represents the boundfree ratioc of the ligand and B represents specific
bound ligand in pmoless/mg of membrane protein. Data shown represent computer
estimation of four separate experiments resulting from three different tissue membrane

preparations.

Table 1 - Apparent dissociation constants for basic FGF interactions with high

and low affinity sites on various membrane preparations of adut guinea pig

HIGH  AFFINITY LOW  AFFINITY

TISSUES appKD BINDING  SITES appKD BINDING  SITES
pM) (fmoles/mg) (nM) (pmoles/mg)

BRAIN 15+ 7(2) 40 £ 10t b) 40 + 0.4(2) 42 +3( D)

INTESTINE ND ND 486t 06 284

KIDNEY ND ND 5707 3723

LIVER ND ND 7.5 £07 47 £3

LUNG ND ND 53209 474

SPLEEN ND ND 46 £06 27 4

STOMACH ND ND 4.3 £05 56 6

ND : Not detscted

Calculated with the LIGAND fitting program, data shown are obtained from results
presented on Fig. 2 and represent the mean values : SD of four independent
experiments.

The preciseness of the calculation is at 0.1 pM(2) and 1 fmole/mg of proteint®).
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Figure 3 - Cross —linking experiments of [' ?5(]basic FGF -receptor complexes

from guinea pig brain membrane preparation. 100 ug of membrane preparations were
incubated for 60 min. at 4°C with 10 cpm of basic FGF in the presence (lane B) or
not (lane A) of a 100-fold excess of native basic FGF. 0.1 mM of DSS was then
added for 15 min. at room temperature and quenched with 10 mM methylamine. The
cross - linked membranes were analyzed by SDS — Polyacrylamide gel
electrophoresis and autoradiography. The same experiment described for lane A was
run in absence of brain membrane preparations (lane C). The proteins used as
molecular weight standards were myosin  (200,000), f galactosidase  (116,000),
phosphorylase b (92,000) and bovine serum albumin  (66,000).

of membrane protein. In brain membranes, additional binding sites with appKD of 15

PM and a binding capacity of 40 fmoles per mg of membrane protein were observed.

Cross .. linking experiments. The apparent molecular wsight of the complex formed by

['2°Nbasic FGF bound to its specific binding site was estimated by chemical cross—
linking experiment for each tissue membrane preparation. The cross-—linked products
obtained were analysed by SDS - Polyacrylamide gel electrophoresis and
autoradiography as described in “Materials and Methods". Among all membrane
preparations 1tested, the analysis of obtained autoradiograms yielded two distinct
bands with apparent molecular weights of 170 kDa and 135 kDa only in the case of
brain membrane preparations as shown on Fig 3, lane A. Cross linking camed out in
the presence of a 100-fold excess of unlabeled basic FGF completely prevented
labeling of these two components (Fig 3, lane B).
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This study reports for the first time that basic FGF interaction sites are widely
distributed in guinea pig tissues. Using the same assay that we have previously
described (16), Scatchard analysis of the isotopic dilution of iodinated basic FGF
bound to membrane preparations from kidney, liver, lung , intestine, spleen and
stomach of adult guinea pig by native basic FGF revealed that data are best fitted by
a straight line. From this analysis, we can propose that basic FGF is bound to a
single set of site. The value of the apparent dissociation constant observed
(appKd=4-7.5 nM) suggests that these classes of binding sites might be related to
the low affinity binding sites described on various cell types in tissue culture (8, 8, 10)
or on bovine brain membranes as it has also recenfly been reported (16). Other
works indicate that these low affinity binding sites have been partially destroyed by
heparinase or heparitinase treatment and therefore could represent cell—associated
heparin —like molecules (8, 9). Basic FGF binds strongly to heparin (2, 3). Heparin
and other related molecules such as proteoheparan sulfate when associated with
FGF, act as protector against heat or acid inactivation (13, 14). Recently, basic
FGF-binding heparan sulfate molecules produced 4 w#e by bovine capillary
endothelial cells has been recenty characterized (11). These molecules related to
heparan sulfate proteoglycan protect biological actvity of basic FGF from proteolytic
degradation induced 4 wio by plasmin or trypsin (11).

The physiological meaning of the existence of these interactions with heparin and
heparin like molecules remains to be elucidated. Since basic FGF has been
isolated from a wide variely of tissues, the presence of these low affinity heparin -
like binding sites on all tissue membranes tested suggests a possible physiological
role in the storage and protection of basic FGF. Hence, stored and protected basic
FGF could be available, ready to be liberated by stil unknown mechanisms and
could therefore acceed to the functional high affinity binding sites. We have recently
described that heparin-binding proteins modulated 47 wo the mitogenic effect and
the binding of basic FGF (22). The presence of these cell-associated heparin —like
molecules could therefore be implicated in a possible mechanism of regulation of
the biological activity of basic FGF /4 wio such as neovascularizaton or wound
healing. Interestingly, the presence of basic FGF high affinity sites was only
observed in brain membrane preparations. Apparent affinity constants were closely
related to the wvalues measured from bovine brain membranes experiments.
Characterization of the interaction site by chemical cross-linking reagent revealed
that basic FGF interaction involved a 150 kDa and 115 kDa polypeptides as also
described for various cell types in tissue culture (4, 6) or bovine brain membranes
(16). An additional 85 kDa polypeptide was also detected and could represent a
degradation product of the higher molecular weight form occuring after or before the

cross — linking reaction.
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The physiological meaning of the presence of this high affinity set of sites detected

only

in the brain is unclear. Basic FGF have been found in relatively high

concentration in this tissue. The localizaton of high affinity basic FGF interaction
sites detected only in the brain could suggest that basic FGF may act in the nommal

maintenance or function of the neuronal cells including glial and nervous celis

present in this tissue.
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