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Platelet-derived endothelial eell growth letor (PD-ECGF) stimulates chemotaxis ol endotliclial cells in vilro and has angiogenic aclivity in vivo,

Recently PD-ECGF was shown to have thymidine phosphorylase aciivity. Ln order (o study possible therapeutic apphcations of PD-ECGF we

used 4 rai model 1o determine its pharmacokineties und (issue distibution after intravenous injection. ['*1]PD-ECGF disappeared tom the plasma

in a biphasic manner, with estimated distribution and elimination half-lives of 17 min and 7 I, respectively. PD-ECGF was nieiabolized in the liver,

excieted via the bile, and not aceumulated 10 any organ system. The stability and leng half-hfe in the circulanon, together with the specificity for

endothelial celly, suggest that PD-ECGF muy be uselul as a therapeutic agent to siimulate re-gndothelialization in vivo, or, in view of its thymdine
phosphorylase activity, in chemotherapy, by decreasing the pool of available thymidine.

Angiogenesis; Platelet-derived endotheiial cell growth lctor, Re-endothiclialization of bloed vessel; Pharmacokinetics; Thymidine phosphiorylase;
Chemotherapy

1. INTRODUCTION

Platelet-derived endotheliai cell growth factor (PD-
ECGF) was initially purified from human platelets as
a 45 kDa protein [1] and was recently shown io form
homaodimers [2]. It stimulates chemotaxis of endothelial
cells in vitro and has angiogenic activity in vivo [3].
PD-ECGF is also present in human placenta [4]; in
addition, it is produced by a limited number of normal
and transformed cell lines in culture [5]. Cloning of its
complernentary IDNA revealed that PD-ECGF lacks a
hydrophobic leader sequence {3]. Consistent with this
observation PD-ECGF is secreted from the producer
cells only slowly {5]. More recontly, PD-ECGF was
found Lo have sequence homology 10 Escherichia coli
thymidine phosphorylase (6] and to have thymidine
phosphorylase activity, ie. catalyzing the reversible
phosphorolysis of thymidine, PD-ECGYF is therefore a
human homologue of E. celi thymidine phosphorylase
[2]. The mechanism by which PD-ECGF exerts its ef-
fects on endothelial cells is unknown, but is likely to be
indirect and involve products of is enzymatic activity,

The availability of a cDNA clone made it possible to
produce recombinant human PD-ECGF with {ull bio-
logical activity (unpublished results). Therefore, mate-
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rial is now available for studies ol the in viva effects of
PD-ECGF when administered to the whole organism.
In this report we dergribe the pharmacokinetics and
organ disiribution of PD-ECGF in the rat after intrave-
nous injection.

2. MATERIALS AND METHODS

2.1. loduation of recombinant fwanan PO-ECGF

Recombinant human PD-ECGF {(a kird gift from A. Thomason,
Amgen Inc., Thousand Qaks, CA) was 'l labeled using the procedure
described by Bolton and Hunter [7] with slight modifications. The
tesulting preparation had a specific radioactivity of 1 uCiug. Alter
this procedure PD-ECGF retains fuil biological activity n a ['H]thy-
midine incorporation assay n ¢ndothehial eells (data not shown).

2.2 Expervnctial madels and assays

Animal experiments were cendueted using male Wistar- Kyolo rais
weighing aboui 200 g, Animals were anesthetized wilh an iniraperi-
toneal injection of chloral hydrate (350 mgy/kg) wnd placed upon a
heatine plate (37°C) 10 prevent hypathermua. ['*1}PR-ECGF (about
0 5 uC1 in 0.3 mi phosphaie bullered saline. contaiming 1 mg gelaun
per ml} was injected into each animal through a right jugular vein
catheter, and blood samples of 0.2-0.3 n1l were withdrawn aller differ-
ent time periods via @ heparinized left carotid artery catheter Blood
coagulation was prevented by EDTA in the precoated sampling tubes
and plasma was prepared by separation of blaod cells by centrifuga-
ton for 2 nun al 10,000 = g, The radioactivily in whole blood as well
45 in plasma and 10 red blood cells (afier removal of the bulTy coat)
was determined in a ¥-counter The same was done with biie and urine
afier collechion through additional catheters placed m the common
bile duet and the winary bladder The extent of degradation of the
labeled material in the varicus liguid samples was determined by
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precipitation in 10% ice-cold trivhloroacetic acid (TCA) on 3MM
Whatman paper In addition, the samples were analyzed by BDS.gel
¢lgetrophoresis (Phast-System, Pharmacia LKB, Uppsila, Sweden)
and autoradiogiaphy 3 b afler the injection of the labeled material,
the animals were sucrificed by an intravenous overdgose of (he anes-
thetic, various organs were taken out and thewr wet weight and Lheir
content of 'l radioactivity determined The plusma weight was esti-
maled by the usc of normative data [8), and its content of '*T radiode.
livity was galeulated by including the samples withdrawn during the
euperiment. All animal work was perfornied in accordance with msti-
tutional guidelines

As a further test of its stability in rat serum, [**1]PD-ECGF (about
I 4Ciin 0.25 ml of the buffer described above) was added to 1 ml of
hepanmzed rat blood and incubated at 37°C. Samples were taken
during a 6-h period and analyzed by p-seintillition and by SDS-gel
electrophoresis and auntoradiography. Determination of 1231 rudioac-
tivity in bloed, bile, unne and ussug samples was performed by -
ssintillation (PW4800, Philips, The Metherlands) Unless further spec-
ified, all data represent the average of tnpleates + 5.E.M.

Plasma clearance kingtics of TCA-mnsoluble **1 radioacuvity were
estimated using a two-compartment, nen-linear regression maedel
(PCNONLIN, Statstical Consuliants, Lexingilon, KY)

3. RESULTS

3.1. Pharmacokinetics

The rate of disuppearance of PD-ECGF from the
blood and its components was studied in a rat model in
which ['*1)PD-ECGF was injected into the jugular vein,
and blood sampies were taken after different time peri-
ods. ['"*IIPD-ECGF showed a biphasic clearance from
the circulation of the rat; an initial rapid clearance from
the plasma (as well as from the whole bleod) was fol-
lowed by 4 slower phase. The estimated half-life for the
initial distribution phase js 17 min, whereas the value
for the elimination phase is 7 h (Fig. 1). All radioactivity
was precipitable by TCA. More than 90% of the radio-
activity in the blood was restricted to Lhe plasma
thi'oughout the whole experiment (one time point is
shown in Fig. 2). No major degradation product was
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Fig, 1. Disappearanse of [*[]PD-ECGF radiouctivity from the circu-

lation of rats, [**I]PD-ECGF (0.5 uCi) was adminisiered intrave-

nously and sampies (0.2 ml) were tnhen at Jufeeni wine polus, TCA

precipitable radicactivity was determined and is shown for ihe plasina

frnciions. Resulis represent mean £ S.£M. from 3 diffment
eXperments.
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Fig. 2 Organ dwinbution of '*I radactivity per volume ur wet

weight (epm/ml or cpm/p) afler intravenous admumistration of 0.5 4Ci

["*11PD-ECGF Inilo 1wo mdle rats weighing 194 and 209 g. Tissues
were taken 3 b after wnjection of the labeled mutenal.

detected during the time-course of the experiment in
which plasima was analyzed by SDS-gel electrophoresis
and autoradiography (data net shown),

The stability of PD-ECGF in vitre was further tested
by incubation of {*)[[PD-ECGF in rat blood. Over a
§-h period the TCA-precipitable #*1 radioactivity re-
mained constant. Analysis of the plasma by SI¥S-gel
electrophoresis and auwtoradiography demonstrated a
45 kDa band, representing ["*I)PD-ECGF. The inten-
sity of this band did not change during the 6-h period,
nor did any degradation product occur (data not
shown).

3.2. Organ distribution and degradation

Three hours alter iniection of [*I[PD-ECGF animals
were sacrificed and the content of I radioactivity in
various organs and body fluids determined. The highest
conrentration of radioactivity was still present in the
blood and mainly restricted to the plasma (Table I).

Comparing the radicactivily per wet weight or vol-
ume there was no accumulation detected in any of the
organs analyzed (Fig. 2). Among the different organ
systems, the liver plus bile contained the highest concen-
tration of radioactivity. One hour after injection of the
labeled protein, high concentrations of radioactivity ap-
peared in the bile, of which less than 10% was precipita-
ble by TCA. Fig. 3 shows an ¢xample for the appear-
ance of radicactivity in the bile collected over three
consecutive 60-min intervals. Another animal showed a
sitnilar pattern, but had a lower bile production and a
lower concentration of radioactivity during the ob-
served period of time. Thus, our data indicate that
['*1PD-ECGF is taken up by the liver, degraded and
then excreted via the bile. There was no activity detected
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Table I

Distribution of '] radoactivity in various compariments ef the body
compared (o their relauve weights

Oigan % of jected radiouctivity % of body weight
Plasma 3634 40 400
Liver + bile 160641 2.7 3.6+0
Others (rest) 477+ 2.0 92410
Total recovery =]00 100

Samples were analyzed 3 b after injectional ¢ 5 wCi of ['#*1|PD-ECGF
{10° cpm) into rats. Resulis represent mean = S E.M. from 3 different
experiments.

in the urine during the time—ceourse of the experiment
(data not shown).

4. DISCUSSION

Using rat as a model we have shown that intrave-
nously administered PD-ECGF disappears from the
plasma with a fairly long half:life of abaut 7 h in the
elimination phase. It is not accumulated in any organ
system and the organ distribution largely reflects the
blood content of the various tissues. Qne exception is
the hepatobiliary system, where PD-ECGF is processed
into non-TCA-precipilable molecules and excreted
through the hile.

Compared to other peptide growth factors present in
platelets, such as platelet-derived growth factor
(PDGF) and transforming growth factor-8 (TGF-8),
PD-ECGF has a much longer hatf-life in the plasma.
PDGF has a half-life of 2 min, when injected info nor-
mul baboens [9] and 5 min in rats [10]. The rapid disap-
pearance from the blood can, to a large extent, be ex-
plained by binding to the serum protease inhibitor .-
macroglobulin [11], which is rapidly cleared from the
circulation by binding to hepatocytes [12]. TGF-§ has
a similar half-life of 2.2 min in rats {13] and is cleared
in the same way as PDGF by bindiug to as=-macroglob-
ulin [14,15). In contrasi, recombinant latent TGF-G
does not associale with o,-macroglobulin and has an
extended plasma half-life of slightly more than 100 min
in rats [16), which is somewhat closer to that which we
determined for PD-ECGF.

The long plasma halt-life of PD-ECGF has impaortant
physiological implications. PD-ECGF might stimulate
endothelial regeneration of large vessels, and when re-
leased from platelets or other producer cells, the biolog-
ically aetive molecule may be carried by the circulation
to distant target cells.

The lack of the hydrophobie leader sequence and the
comparably long plasma half-life of PD-ECGF, to-
gether with the fact that PD-ECGF is not accumulated
in any organ system other than the liver, where it is
processed and eliminated from he circulation, aie com-
patible with the idea that PD-ECGF functions as a
thymidine phosphorylase in vivo. The thymidine

FEBS LETTERS

November 1992

S0
e 1 B ot Tca-precipitated

e 40 - M Tca-precipitatea
3
E
a
& J
-
z o
=
-
o
2
B 20
L
4

10 -

oA

0= G0 60 -120 120 - 120

Time intervals Imin}

Fig. 3 Total and TCA-precipiabie 1 radioaclivity in the bile accu-
mulated over three consecutive 60 min tme periods after intravenous
admunustration of 0.5 gCi ['*I)PD-ECGF into a rat. Bue was eollected
through a catheter placed in thecommon bile duct. The amount of bile
collected during each of the three 63 nun ume periods was about 420
&l TCA precipitation was performed as described in secion 2.

phosphorylase activity of PD-ECGF, however, is of po-
tential therapeutic interest itself. Chemotherapy with
nucleotide analogues is based on the concept of incor-
poration of modified nucleotides (instead of thymidine)
into the DINA or RNA, resulting in the distortion of
fundumental cellular mechanisms such as DNA replica~
tion, transcription or translation. The thymidine
phosphorylase activity of PD-ECGF could be useful in
combination with nucleotide analogues to decrease the
pool of available thymidine and to consecutively in-
crease the incorporation rate of the analogue, and thus
the efficacy of the chemotherapy.

So far nothing is known about biological effects
caused by systemically administered PD-ECGF. Tha
long plasma half-life, however, would enable the factor
10 act within the circulatory system (or several hours
after the injection of a single dose. Furthermore, it will
be possible to maintain a certain plasma level by appli-
cation of a tew doses per day. This makes PD-ECGF
a suitable candidate for in vivo studies, e.g. for stimula-
tion of re-endothelialization after percutaneous translu-
minal angioplasity of alherosclerotic vessels, where en-
dothelial denudation and insufficient regeneration
might be a reason lor the rapid development of resten-
ohis (reviewed by [17]). Moreover, it will now be possi-
ble io investigate whether PD-ECGF is useful in chemo-
therapy, based on its thymidine phosphorylase activity.
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