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The receptor for tissue plasminogen activator (t-PA) in complex with its
inhibitor, PAI-1, on human hepatocytes
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1. INTRODUCTION

Tissue-type plusminogen activatar (t-PA), an impor-
wal therapautic thrombolytic agent [1]. s cleared
rapidly from the eireulation, The plasma half-life of ¢
PA is only 3-5 min [2~4]. The liver is the arajor site for

-the clearange of 1-PA [2~4) but the mechanism is nor
yet established. Evidence has emerged recently for at
least two receptor systems for . t-PA. Hepatic en-
dothielial cells contain a mannose receptor that is in-
volved in the clearance of t-PA  [5,6). Liver
parctchymal cells appear to have a specific receptor for
t-PA [5,7]; this receptor probably recognizes the finger
and growth factor domains of t-PA [8).

We have previously suggested that the high concen-
tration of plasminogen activator inhibitor (PAI-1) in

“human liver may have a role in the clearance of t-PA
[91. Studies in the human hepatoma cell line, Hep G2,
have shown that t-PA uptake occurs after complex for-
mation with PAI-] in the extracellular matrix of these
¢ells [10,11). We have established that the uptake of
pre-formed -PA-PAIL-] complex by the isolated perfus-
ed rat liver occurs iwice as rapidly as that of free t-PA
{12]. It was notable that the most significant difference
in the clearance of the two proteins was the stronger
binding of complex to liver cells, suggesting the
presence of a receptor specific for the complex. Here
we present evidence for such a receptor on human
hepatocytes.

Carrespondence adedress; N.A . Booth, Department of Molecular and
Cell Biology, University of Aberdeen, Marischal College, Aberdeen
ABY 1AS, Scotland, UK

Published by Elsevier Science Publishers B.V. {Biomedicel Division)

2 MATERIALS AND METHODS

21 Reagerts

(HOT-PA wis wupplied by Amersham (650800 Ciimnol),
Single-chain combinant human CPA was from Genentech, T-PA.
PALL complex wag purified Trom HTI0B0 cells as deseribed
previously and contained no detectuble Tree -PA or PAL-T [12],
Wadiolabelted CPAPALL wis preparad by incubating (V¥1e-0a
with Hep G2 extracellular mutrix, which contains active PAl-1 {10]
for 2 at 37°C. The [H1-BAPAL] comples was analysed by $DS-
PAGE and avtoradiography and 80-90% of the radialabel was pre-
sent as complex, PALL was purified from human endathelial celly
and derivaced by gunnidine ns deseribed previowsly [13). U-PA (two-
chainy wis from Mecae GmbH, Hamburg, wnd w-PA-PAL-) complex
was prepared by (neubation of u-PA with guanidive activated I*Al-]
for 1h at 22°C. Camplex formation was assessed by SDS.PAGE,
followed by immunoblotting or zymography [12), and was 80%
completa,

2.2, Isolation of Auman fepatoeyies

Human hepatocytes were isolated alter collagenase dispersion of
2030 g pieces of lver tissue, oblained from renal donors, as deserib-
ed previously [14), The hepatocytes, 90% viable by Trypan blue ex-
cluston, were washed and resuspended in binding medium (see below)

_ for 15-30 min at 37°C [15] and kept at 4°C.

2.3, Hep G2 cells

The human hepatoma cells, Hep G2, were maintained in DMEM
supplemented with 10% fetal call serum, 100 U/m! penicillin anc
100 gg/ml streptomyein under 5% C0,:95% Ca atmosphere. For
preparation of cell suspension, the cells (0% confluent in 24-well
piates) were washed 3 times in 10 mM phosphate buffer pH 7.2 with
0.15 M NaCl.(PBS) and incubated with 3 mM EDTA in PBS for
10 min at 37°C, DMEM was added and the cells were dislodged from
the culture dish with a plastie pipette. The resuliing cell suspension
was washed 3= with DMEM and the ceils were 90-35% viable as
assessed by Trypan blue exclusion.

2.4, Binding assay

Washed cells (J0° hepatocyies of Hep G2), resuspended i binding
medium (1 mg/ml BSA, 0,01 % Tween 80 in DMEM), were incubated
at 4°C with ligands. '"¥1L.-PA-PAL-1 complex was agded and sach
sample was mixed for 2 b at 4°C. The cells were washed { % 3) with
PBS at 4°C, lysed with 1 M NaOH and radiouctivity counted.
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Fig. 1. Specific binding of ["MH-PA-PALL complex (0,77 ah) to

humin hepaioeytes expressed as fmol bound per 10° cells, competed

by increasing concentrations (nhi) af unlabelled -PA-PAL-

comples. Values shown are the nean of duplicate determinations =

SD and are typical of the three such experiments performed. Inset,
Scatehard plot of the data,

2.5, Iternalization assay

Binding was as in Section 2,4 and the cells were washed with PBS
at 4°C as above. The total counts of the bound ligand were determine
ed, Binding medium was tlien added and cach sample was incubated
at 37°C forupto 2 h. At varlous time poinis, the cells were centrifug-
ecd (900 x g at 4°C). The supernatant and that obtained after treating
the cells with 0.02% trypsin in PBS (30 min at 4°C)y was counted, as
was the cell pellet after lysis with 1 M NaOH,

3. RESULTS

The binding of [***1]t-PA-PAI-1 complex to human
hepatocytes, in the presence of different concentrations
of unlabelled t-PA-PAI-1 complex, was analysad
(Fig. 1). Scatchard analysis indicated specific and
saturable binding, with 2 K4 of 0.87 + 0.09 nM and
74000 x 11000 binding sites per cell (Fig. 1, inset). The
binding was temperature~dependent and equilibrium
was achieved at 4°C after 2 h (data not shown). After
binding at 4°C, incubation at 37°C allowed rapid up-
take (maximal at 30 min) and degradation of [***1]t-
PA-PAI-1 complex (Fig. 2). The uptake was inhibited
totally by 0.5 mM chloroguine (data not shown).

Conipetitive binding assays demonstrated that t-PA,
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Fig, 2. Internalization of receptar-bound [PH]CPAPALL complex,
Thuman hepaladytes were incubated for 2 0 at 47C with ¥ 1j-PA
PPAL-1 complex. The cells were then washed and incubated wt 378
i binding medium for the indicated unes. The dat are expressed s
percentage of the total caunis bound o the cells after 2 h a4,
(m) Recepror-bound ligand (trypsinasensitive), (&) cell-associated
Hgind (not sensitive to teypsin wishy and (m) released Hpancd i the
superitant,

u-PA, u-PA-PAIL-1 complex and PAI-1, either latent or
guanidine-activated, did not compete with {*#¥*1]t-PA-
PAI-1 binding, ¢ven at the retatively high concentra-
tions uscd (Table I).

Comparabtle data were achieved with suspensions of
Hep G2 cells; the Ky was 0.98 x 0.06 nM t-PA-PAIL-]
and there were 70000 + 8600 binding sites per cell, Rat
hepatocytes also showed comparable affinity for com-
plex (Ky 0.86 £ 0.05 nM) but the number of binding
sites per cell was lower (10000-253000). No specific bin-
ding of t-PA-PAI-1 10 the human lymphoma cell line
U937 was detectable {(data not shown).

4. DISCUSSION

Evidence is presented for a t-PA-PAI-1 receptor on
human hepatocytes, The receptor is saturable and of

Table 1

Specificity  of ["**I]t-PA-PAI-l  complex binding to luman
hepatoeytes
Competitor (mM) ['"t-PA-PAL-1 bound (% resiglual
(fmol/10° hepatocytes)  binding)

None 6.5 £ (.40 100
-PA-PAI-L 16 2,97 & 0.40 46
t-PA 700 7.1 £ 0.50 118
u-PA 700 6,89 4+ 0,13 101
u-PA-PAL-1 200 6.50 - 0.01 100
PAl-1 700 5.93 + 0.14 91
PAl-1 (activaied) 700 6.77 == 0.01 104

Human hepatocytes were incubated with [*It-PA-PAI-1 complex
(0,77 nM) in the absence or presence of unlabelled competitors. Celt-
bound radicuctivily was determined as described in Section 2. Results
are expressed as the mean £ standard deviation of duplicate
determinations of 3 separale experiments.
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high affiniry, Furher, it partivipates in the uptake and
degradation of t=-PAPALL These findings explain and
exteni aur previous data, which showed that the sp-
tuke of t=PA-PAL-L in the Molated perfused rat biver
wis even more rapid than that of free t-PPA [12),

Thix receptor system appears 1o be specific Tor -PPA-
PALL comples, Free 1-PA ar PAL-] did not compete
with binding, cven when present in o HO00-Told exeess
over labglled -PA-PALL, The existence of a regepror
for t-PA incomplex with its principil inhibitor is in line
with  the  known  mechanism of sering  protense
clewrance, which are cleared in complex with their in-
hibitors {16},

No ¢oinpetition of =-PA-PAL binding was observedd
when cither u-PA or u-PA-PAL] complex wis present
in excess, This suggests that the receptor identitied here
is distinet from the well-churagterized u-PA receptor
[17]. This distinction was confirmed by the lack of bin-
ding of t-PA-PAL1 complex to the histiccytic lym-
phoma cell line U937, a eell line on which the u-PA
regeptor oceurs. A further point of contrast is that the
u-PA reeeptor oxhibits specics specificity {18], while
human t-PA-PAL-1 complex bound with equal affinity
to the receptor on human or rat hepatocytes.

This study on primary human hepatocytes indicates
that receptor function recovers from the collagenase
treatment used in their isolation [15). The resulls
achieved with hepatocytes could be reproduced using
suspensions of the humin hepatoma cell line, Hep G2.
It has previously been reported that Hep G2 cells bind
and take up t-PA {19]. The binding cata for {-PA were
similar to those reported here; binding required com-
plex formation with the PAI-1 that abounds in the ex-
tracellular matrix of theése cells [11]. By using
suspensions of Hep G2 cells, to avoid interference by
matrix PAl-1, and pre-formed t-PA-PAI-1 complex,
we have been able to show directly that the complex is

the species recognized by this hepatic receptor. We sug-

gest that this receptor represents an  important
mechanism for the clearance of endogenous (-PA,
which oceurs in plasma as t-PA-PAI-1 complex [20].

Definition of the relative importance of this receptor
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and ather vecently diswovered -8 A receptors reguires
further stiicly,

Avkaow'edgemtenss, We ale giateful to Dy G Haskswonh, in
whose Faboratoary te liepataeyte isohations were peefarmicd, for ag-
eies {0 this matenal amd for tvalaable advive, Die N Hlunter kiidly
provided FITL0S0 culiure medinm atad 16 LR, MacGregor supplicd
sttibodies (o 1A, The study was supposiasd by the Scontish Home
stsd Flealth Deparvmemt and by Grampian Healdh Boagd,
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