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Abstract

ay-Macroglobulin receptor /low density lipoprotein receptor—
related protein (a,M-R/LRP) is a broad specificity receptor
that may function in lipoprotein metabolism, proteinase regula-
tion, and growth factor regulation. In this study, we demon-
strated that o,M-R/LRP expression in macrophages can be
markedly decreased by LPS and by IFN-+. Regulation of a,M-
R/LRP in RAW 264.7 cells was demonstrated at the mRNA,
antigen, and receptor-function levels. In receptor-function stud-
ies, the decrease in «,M-R /LRP expression was detected as a
90% decrease in the B,,, or maximum receptor binding capac-
ity for activated a,M after treatment with LPS or IFN-y. West-
ern blot analysis of whole cell lysates demonstrated significant
loss of a,M-R/LRP heavy-chain. Northern blot analysis of
poly(A)* RNA revealed a marked decrease in «,M-R/LRP
mRNA after treatment with LPS (79% decrease) or IFN-y
(70% decrease). Other cytokines, including tumor necrosis fac-
tor-a, transforming growth factor-g31, and interleukin-6 did not
regulate a,M-R/LRP. The ability of LPS and IFN-v to regu-
late a,M-R /LRP was confirmed in experiments with primary
cultures of murine bone marrow macrophages. These studies
demonstrate that macrophage a,M-R / LRP is subject to signifi-
cant downregulation by physiologically significant cytokines
and signaling macromolecules. (J. Clin. Invest. 1993.91:1219-
1224.) Key words: proteinase inhibitor « cytokine « lipoprotein «
apolipoprotein E « plasminogen activator inhibitor

Introduction

The a,-macroglobulin receptor/low density lipoprotein recep-
tor-related protein (a,M-R/LRP)! is a multifunctional recep-
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1. Abbreviations used in this paper: a,M*, activated a,-macroglobulin;
a;M-R/LRP, a,-macroglobulin receptor/low density lipoprotein re-
ceptor-related protein; B,,,,, maximum binding capacity; BMM, bone
marrow macrophage; PGAD, phosphoglyceraldehyde dehydrogenase;
RAP, receptor-associated protein; uPA, urokinase plasminogen activa-
tor.
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tor expressed by a number of different cell types (1). a,M-R/
LRP is synthesized as a 600-kD transmembrane glycoprotein
and processed into 515- and 85-kD subunits in the trans-Golgi
compartment (2, 3). The 85-kD subunit includes the trans-
membrane domain (3). The 515-kD subunit is bound to the
85-kD chain by noncovalent interactions and includes binding
sites for a large number of ligands including: activated forms of
the proteinase inhibitor, a,-macroglobulin (a,M*) (4-6);
a,M*-growth factor complexes (7); pregnancy zone protein-
proteinase complexes (8); apolipoprotein E-enriched lipopro-
teins (9); lipoprotein lipase (10); Pseudomonas exotoxin A
(11); complexes of plasminogen activator inhibitor-I (PAI-1)
with urokinase (uPA) or tissue-type plasminogen activator
(12-14); and receptor-associated protein (RAP) (15-17).
RAP is a 39-kD protein which inhibits binding of other ligands
to a,M-R/LRP.

Due to the broad spectrum of ligands for a,M-R/LRP, it
has been suggested that this receptor functions in numerous
processes, including lipoprotein metabolism, hemostasis, cel-
lular growth regulation, and tissue remodeling. The regulation
of cellular ¢,M-R /LRP expression is not understood. Our labo-
ratories recently demonstrated that the a,M * binding capacity
of bone marrow macrophages is increased four- to fivefold by
exposure to colony stimulating factor-1 (18). Other cytokines
or cell signaling macromolecules that significantly affect a,M-
R/LRP activity have not been identified. As proposed by
Brown et al. (1), the identification of agents that downregulate
a,M-R/LRP expression would provide a new approach for
evaluating the function of this receptor in lipoprotein metabo-
lism and other processes.

The activities of important macrophage receptors other
than «,M-R/LRP are highly regulated. Bacterial LPS de-
creases surface-expression of scavenger receptors (19), man-
nose receptors (20), and tumor necrosis factor-a receptors
(21). IFN-vy decreases expression of type I scavenger receptors
(22) and transferrin receptors (23). TGF-81 decreases expres-
sion of types I and II scavenger receptors (24). Some of these
regulatory activities may depend on the state of macrophage
differentiation/activation.

The scavenger receptors (types I and II) are macrophage
receptors implicated in atherogenesis (24, 25). Like a,M-R/
LRP, scavenger receptors demonstrate broad ligand binding
specificity. Neither receptor (scavenger receptor or a,M-R/
LRP) is negatively regulated by cholesterol (1, 25). In this
investigation, a,M-R/LRP regulation by cytokines and by
LPS was studied in RAW 264.7 cells and bone marrow macro-
phages. The cytokines studied here have been shown to regu-
late scavenger receptor expression by other investigators. Qur
results demonstrate that IFN-y and LPS significantly downreg-
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ulate ,M-R/LRP function, as determined by '*’I-a,M * bind-
ing. The decrease in function is associated with decreased a,M-
R/LRP antigen and mRNA levels. The pattern of a,M-R/
LRP regulation is similar to that previously reported for
macrophage scavenger receptors.

Methods

Materials. Recombinant murine IFN-y was supplied by Schering Co.
(Kenilworth, NJ) or purchased from Genzyme Corp. (Cambridge,
MA). The two preparations yielded equivalent results. Bacterial LPS
(LPS W, Escherichia coli 0127:B8) was from Difco Laboratories Inc.
(Detroit, MI). Recombinant murine tumor necrosis factor-a and re-
combinant murine interleukin-6 were supplied by R&D Systems (Min-
neapolis, MN). TGF-81 was purified from acid/ethanol extracts of
human platelets as previously described (26 ). The sequences of human
and murine TGF-B1 are conserved with the exception of one amino
acid (27). Each cytokine preparation contained < 0.5 ng/ml of endo-
toxin as determined by the limulus lysate assay.

a,M was purified from human plasma by the method of Imber and
Pizzo (28). The native form of a,M demonstrates proteinase inhibi-
tory activity but is not recognized by a«,M-R/LRP (29). a,M that is
reacted with proteinases or with small primary amines undergoes a
major conformational change, exposing or orienting the receptor recog-
nition site (one distinct site in each of the four a,M subunits) (29).
a,M in the transformed, receptor-recognized conformation is termed
activated o,M (a,M*). For the studies presented here, «,M * was gen-
erated by incubating a,M with 200 mM methylamine HCl for 6 h at
pH 8.2. a,M* was radioiodinated by the lodobead method (Pierce
Chemical Co., Rockford, IL) as described by the manufacturer. The
specific activity was 0.3-0.8 uCi/pug.

Cell culture. RAW 264.7 cells were obtained from the American
Type Culture Collection (Rockville, MD). Cells were maintained in
T-75 flasks in RPMI 1640 (Sigma Immunochemicals, St. Louis, MO)
with 10% FCS (Heartline; Sigma Immunochemicals) at 37°C, 5%
CO,, and 95% humidity. Every 2-3 d, cells were detached by gentle
scraping and passaged. For experiments, 4.0 X 10° RAW 264.7 cells
were seeded per well in 24-well tissue culture plates (Costar Corp.,
Cambridge, MA) and grown to confluence (12-24 h).

Femoral and tibial bone marrow cells were isolated from BALB/C
mice and cultured in DMEM (430-1600; Gibco Laboratories, Grand
Island, NY) with 15% FCS, 1.0% penicillin-streptomycin, 50 uM mer-
captoethanol, 0.02 mg/ml L-asparagine, and 5.0% TC-1-conditioned
medium. TC-1 conditioned medium is a rich source of colony stimulat-
ing factor-1 (30). Essentially homogeneous preparations of bone
marrow macrophages (BMM) were prepared from the marrow cell

. isolates as previously described ( 18). For experiments, the BMMs were
plated at 3.0 X 10° cells/well in 24-well tissue culture plates and cul-
tured for 48 h.

a,M* Binding studies. RAW 264.7 cells were incubated with LPS,
IFN-v, or other cytokines in serum-free RPMI 1640 for various periods
of time. BMMs were incubated with the same agents in fully supple-
mented DMEM. After treatment, the RAW 264.7 cells and the BMM
cultures were washed twice with Earle’s balanced salts solution con-
taining 10 mM Hepes, pH 7.4, and 1.0 mg/ml bovine serum albumin.
Cellular binding of '*I-a,M* (0.1-5.0 nM) was studied at 4°C in the
presence and absence of 0.2 uM nonradiolabeled a,M*. Incubations
were terminated after 4 h by separating the media from the cells. The
wells were then washed three times and the cells lysed in 0.1 M NaOH,
1.0% SDS. Cell-associated radioactivity was determined in a model
1275 Minigamma gamma counter (LKB Instruments Inc., Gaithers-
burg, MD). Cellular protein concentration was determined by the
method of Lowry et al. (31). Nonspecific binding was defined by the
cell-associated radioactivity detected after incubation with 0.2 uM
nonradiolabeled a,M*. Specific binding was determined by subtract-
ing nonspecific from total binding. Experiments were performed in
quadruplicate unless otherwise specified. Each data point in a given
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experiment represented a triplicate determination. Binding isotherms
were fit by nonlinear regression to the equation for a rectangular hyper-
bola. The same data were also analyzed using the Scatchard transfor-
mation. The Ky, and By, (maximum binding capacity) were then de-
termined by linear regression. The reported binding parameters were
calculated by averaging the values determined for each independent
study and are presented with the standard error of the mean (SEM).
Alterations in o,M* binding to BMMs reflect the activities of the cyto-
kines in the presence of 5.0% TC-1 conditioned medium.

Western blot analysis of a,M-R/LRP. RAW 264.7 cells were
grown to confluence in T-75 flasks and then treated with IFN-y (50
U/ml) or LPS (100 ng/ml) for 18 h. The cells were washed and then
lysed in 2.0% SDS with 0.02 mg/ml leupeptin and 1.0 mM PMSF. Cell
lysates were centrifuged at 10,000 g for 15 min. Protein concentrations
were determined by the method of Lowry et al. (31). Equivalent
amounts of cellular protein (0.2 mg) were subjected to SDS-PAGE as
previously described (32). Western blot analysis was performed using
polyclonal antibody R777 directed against human o,M-R/LRP. R777
was kindly provided by Dr. Dudley Strickland (American Red Cross,
Rockville, MD). The gel slabs were soaked for 0.5 h in 20 mM Tris,
150 mM NaCl, pH 7.4. The proteins were then electrotransferred to
Immobilon-P membranes (Millipore Corp., Bedford, MA) for 12 h at
0.4 A. The transfer buffer was 20 mM Tris-HCI, 150 mM glycine, 20%
(vol/vol) methanol. The membranes were blocked with 5% nonfat
milk for 1 h, washed, and incubated with R777 (1:1,000) for 1.5 h.
Antibody binding was detected with goat anti-rabbit immunoglobulin
peroxidase conjugate (1:1,000; Atlantic Antibody, Incstar Co., Still-
water, MN) followed by 3-3'-diaminobenzidine-tetrahydrochloride
(0.3 mg/ml) in 50 mM Tris-HCI, pH 7.4, and 0.01% H,0,.

Northern blot analysis of a;M-R/LRP mRNA. Poly(A)* RNA was
isolated from confluent RAW 264.7 cells using the Fast Track proce-
dure (Invitrogen, San Diego, CA). RNA (4.0 xg) from control cells
(untreated), cells treated with LPS (100 ng/ml), and cells treated with
IFN-v (50 U/ml) was separated on 0.8% agarose gels and electrotrans-
ferred to nylon membranes (Zeta probe; Bio-rad Laboratories, Rich-
mond, CA). A cDNA probe specific for human a,M-R/LRP mRNA
was generously provided by Dr. Joachim Herz, Southwestern Medical
Center, University of Texas. The probe was labeled with [ a-32P]dCTP
by nick translation and incubated with the nylon membranes contain-
ing transferred RNA at 42°C in 5X SSC, 5X Denhardt’s reagent, 50
mM sodium phosphate, 50% formamide, 0.1% SDS, and 100 ug/ml
denatured salmon sperm DNA. Membranes were rinsed with 2X SSC
and washed three times for 0.5 h in 2X SSC, 0.1% SDS at 68°C, and
exposed to Kodak X-Omat AR-5 film at —70°C. As a control for load,
membranes were hybridized with a [ a-32P]dCTP-labeled cDNA probe
for phosphoglyceraldehyde dehydrogenase (PGAD).

Results

a,M* Binding to RAW 264.7 cells. RAW 264.7 cells were
maintained in serum-free medium for 18 h before performing
125].,M * binding experiments. a,M * binding was specific and
saturable (Fig. 1 4). Nonspecific binding accounted for < 35%
of total binding within the a,M* concentration range studied
(up to 5.0 nM). The K;, and B,,, were 0.6+0.1 nM and
33.5+1.2 fmol/mg cell protein (n = 4), respectively. When
a,M* binding was studied without prior serum deprivation
(single experiment), the Kp, (0.8 nM) and B,,, (37 fmol/mg
cell protein) were approximately the same.

RAW 264.7 cells were treated with 100 ng/ml LPS for 18 h
at 37°C in serum-free RPMI. The treated cells were then incu-
bated with different concentrations of '°I-a,M* at 4°C in two
separate experiments to generate complete binding isotherms.
The results of one experiment are shown in Fig. 1 4. The K,
was unchanged (0.6 nM) while the B,,, was decreased by
> 90% (2.3 fmol/mg cell protein). In the second experiment,
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Figure 1. Specific binding of '*I-a,M* to RAW 264.7 cells and
BMMs before and after treatment with LPS or IFN-v. In A, binding
isotherms and Scatchard transformations (inser) are shown for the
binding of '*I-a,M* to RAW 264.7 cells (0), and to RAW 264.7 cells
treated with 100 ng/ml LPS (0) or 50 U/ml IFN-y (). In B, binding
isotherms and Scatchard transformations (inset) are shown for the
binding of '*I-a,M* to BMMs (0), and to BMMs treated with 200
ng/ml LPS (0) or 50 U/ml IFN-y (a). Binding studies were per-
formed after continuously exposing RAW 264.7 cells or BMMs to
LPS or IFN-y for 18 h.

specific binding of '*l-a,M* was completely eliminated
(within the sensitivity limits of the technique).

Specific binding of a,M* to RAW 264.7 cells was also signif-
icantly decreased when the cells were treated with IFN-y (50
U/ml) for 18 h (Fig. 1 4). The K remained unchanged (0.4
nM) while the B, ,, was decreased to 4.6 fmol/mg cell protein
(86% decrease, average of two experiments). RAW 264.7 cells
demonstrated unchanged a,M* specific binding activity when
incubated for up to 24 h with any of the following individually:
TGF-81 (1.0 ng/ml), interleukin-6 (2.0 ng/ml), or tumor ne-
crosis factor-a (10 or 100 U/ml).

In control experiments, '°I-a,M* (5.0 nM) and LPS (1.0
ug/ml) were incubated together with RAW 264.7 cells at 4°C.
No change in specific a,M* binding was observed (data not
shown). Therefore, LPS does not directly compete for a,M*
binding sites.

a,M* Binding to bone marrow macrophages. Cell-surface
expression of «,M-R /LRP in murine BMMs has been demon-
strated previously ( 18). Survival and proliferation of these cells
and expression of a,M-R/LRP requires colony stimulating
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factor-1. Therefore, BMMs were treated with LPS (200 ng/ml)
or IFN-y (50 U/ml) in the presence of TC-1 conditioned me-
dium (a source of colony stimulating factor-1) for 18 h. a,M*
binding was then studied (Fig. | B). The Ky, and B,,,, for un-
treated cells were 2.3+0.2 nM and 43+6 fmol/ mg cell protein,
respectively (n = 4). In LPS-treated cells, the B,, was de-
creased to 20+5 fmol/mg cell protein and the K was un-
changed (2.1+0.2 nM). IFN-y treatment caused a 70% de-
crease in B, (13+2 fmol/mg cell protein); the K, was
1.6+0.2 nM. The response of BMMs to LPS and IFN-y was
somewhat less than that observed with RAW 264.7 cells. The
difference may reflect the more complex BMM culture me-
dium.

Time and concentration dependency of o, M-R /LRP modu-
lation in RAW 264.7 cells. RAW 264.7 cells treated with 100
ng/ml LPS or 50 U/ml IFN-y demonstrated minimal change
in a,M* binding for up to 10 h (Fig. 2). The decrease in bind-
ing observed with either agent by 18 h was relatively stable
since no further decrease was apparent at 24 h.

The decrease in a,M * binding to RAW 264.7 cells was LPS
and IFN-y concentration-dependent. Significantly decreased
a,M* binding (P < 0.05) was observed after treating cells with
LPS at concentrations as low as 1.0 ng/ml. The lowest concen-
tration of IFN-vy that caused a statistically significant decrease
in a,M* binding was 2.5 U/ml (data not shown).

RAW 264.7 cells were pulse exposed to LPS (100 ng/ml)
or IFN-v (50 U/ml) for different time periods (Fig. 3). a,M*
binding was then examined 18 h after pulse treatment was initi-
ated. Cells exposed to LPS for 3 h or more demonstrated the
maximum decrease in a,M * binding capacity. Cells exposed to
IFN-v for 1 h or more were maximally affected.

Western blot analysis of a,M-R/LRP in RAW 264.7 cells.
Whole cell SDS-extracts of RAW 264.7 cells were subjected to
Western blotting using antibody R777. This antibody was
raised against human a,M-R/LRP but cross-reacts with the
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Figure 2. a,;M* binding to RAW 264.7 cells treated with LPS or
IFN-y for different time periods. Confluent RAW 264.7 cells were
exposed for different lengths of time to 50 U/ml IFN-y (a) or 100
ng/ml LPS (o). Immediately after exposure, binding of 2.0 nM '[-
a,M* (with and without 0.2 M nonradiolabeled a,M *) was studied.
Specific binding is expressed as a percentage (mean+SEM) of that
demonstrated by cells incubated in serum-free medium for 24 h.

o
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Figure 3. a,M* binding to RAW 264.7 cells
pulse exposed to LPS or IFN-y. RAW
264.7 cells were pulse exposed to 100 ng/
ml LPS or 50 U/ml IFN-y for different
amounts of time. The cells were then
washed and incubated in medium without
LPS or IFN-y. a,M* binding (2.0 nM '%[-
a,M* with or without 0.2 uM nonradiola-
beled a,M *) was studied 18 h after initiat-

1 - A B
;\?100- 1
'im i b T i
g, 60 T .
% 40 A / % 4
0 025 05 1 2 3 0 025 0.5 1 2 3

Duration of Pulse Exposure (hours)

murine a,M-R /LRP heavy chain (11). A single band with the
expected mass of the a,M-R/LRP heavy chain was detected
(Fig. 4). The 85-kD chain and RAP were not detected (possi-
bly due to a sensitivity problem in this cross-species system).
The intensity of the 500-kD band was proportional to the
amount of cellular extract loaded in the gel (data not shown).
Treatment of the RAW 264.7 cells with IFN-y (50 U/ml) or
LPS (100 ng/ml) significantly decreased a,M-R/LRP-heavy
chain antigen expression in four separate experiments.
Northern blot analysis of a;M-R/LRP mRNA in RAW
264.7 cells. To determine whether the decrease in o,M-R /LRP
function and antigen were mediated at the mRNA level,
Northern blot analysis was performed on poly(A)* RNA ex-
tracts of RAW 264.7 cells. A single 15.0-kb RNA hybridized
with the cDNA probe, as expected for a,M-R/LRP (Fig. 5).
The level of a,M-R /LRP mRNA was decreased in cells treated
with LPS or IFN-y. By densitometric scanning, the mRNA
levels were decreased by 79% with LPS and by 70% with IFN-y
(assuming equal load based on PGAD hybridization).

Discussion

In this investigation, we demonstrated markedly decreased spe-
cific binding of a,M* to macrophages treated with IFN-y or

i 2 3 .
Figure 4. Western blot analysis of
a,;M-R/LRP in RAW 264.7 cells ex-
posed to LPS or IFN-y. RAW 264.7

= cells were treated with IFN-y (50 U/

ml) or LPS (100 ng/ml) for 18 h.
The cells were then lysed in 2.0% SDS
with leupeptin and PMSF. Identical
amounts of cellular protein (0.2 mg)
were subjected to SDS-PAGE. After
electrotransfer to Immobilon-P mem-
branes (Millipore Corp.), a,M-R/
LRP was detected with polyclonal an-
tibody R777. Lane I, untreated RAW
264.7 cells; lane 2, LPS-treated cells;
lane 3, IFN-y-treated cells. Molecular
mass markers are shown on the side.

205 -

116.5 -
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ing exposure to LPS (A4) or IFN-v (B).
Specific binding is expressed as a percent-
age of that demonstrated by untreated cells.

LPS. The decrease in specific binding was due to a change in
the number of receptors per cell (B,,,) and not receptor affin-
ity. The mechanism of receptor downmodulation was evalu-
ated in Western and Northern blotting experiments. After
treatment with LPS or IFN-y, a,M-R/LRP antigen and
mRNA were decreased. Therefore, a,M-R /LRP expression in
macrophages is subject to downregulation by naturally occur-
ring signaling molecules.

The studies presented here and elsewhere (19, 22) suggest
that «,M-R/LRP and macrophage scavenger receptors are
downregulated similarly by LPS and IFN-y. LDL receptor ex-
pression is apparently not regulated by either agent (19, 22). A
difference in the pattern of regulation of «,M-R /LRP and scav-
enger receptors may have been revealed by our studies with
TGF-B1. This cytokine did not affect ,M-R/LRP expression
in RAW 264.7 cells. By contrast, Bottalico et al. (24) demon-
strated significant downregulation of scavenger receptors by
TGF-B1 in phorbol-ester treated THP-1 cells. While these two
receptors may be regulated differently in macrophages by
TGF-81, it is also possible that the apparent difference reflects
the cell-type studied (THP-1 versus RAW 264.7 cells) or the
state of cellular differentiation/activation.

The loss of a,M-R /LRP (determined by a,M* binding) in
response to LPS or IFN-y can probably be explained entirely
by the decrease in cellular antigen and mRNA. The role of
RAP as a regulator of «,M-R/LRP function in LPS or IFN-y-

A BC

e - LRP
(15 kb) Figure 5. Northern blot analysis of
a,;M-R/LRP mRNA. Poly(A)* RNA
was isolated from untreated RAW
264.7 cells (A4), cells treated with 100
ng/ml LPS for 18 h (B), and cells
treated with 50 U/ml IFN-y for 18 h
(C). After electrophoresis and elec-
trotransfer to nylon membranes, the
blot was first probed for a,M-R/LRP
mRNA (revealing only the 15-kb
RNA) and then for PGAD.

2.4 -

' e 88 - PGAD

(1.6 kb)



treated cells was not directly evaluated. By binding to a,M-R/
LRP, RAP competitively decreases binding of other ligands
including a,M* (15, 16). If the level of RAP remained un-
changed while a,M-R /LRP levels decreased, then the increase
in the ratio of RAP to ,M-R/LRP may have contributed to
the decrease in a,M* binding capacity.

While numerous functions for ¢,M-R /LRP have been sug-
gested based on the ligands that are recognized, many ques-
tions regarding how a,M-R/LRP affects cell and organ func-
tion remain unanswered. We previously identified a,M-R/
LRP as a receptor for cytokines which are bound to a,M* (7,
33). Unpublished studies from our laboratory suggest that the
effect of «,M on TGF-B1 activity in vitro depends on cellular
expression of a,M-R/LRP. Such studies imply that cells may
alter responsiveness to cytokines by regulating a,M-R/LRP.

Recognition of uPA-PAI-1 complexes (not free uPA ) repre-
sents another important function of «,M-R/LRP (12-14).
uPA, when bound to uPAR (the cellular uPA receptor), initi-
ates an enzyme cascade which promotes cellular migration
(34). uPAR-associated uPA reacts rapidly with PAI-1 and the
resulting inactive complex may remain uPAR-associated (35-
37) unless it is cleared by a,M-R/LRP. Therefore, a,M-R/
LRP may promote cellular migration by stripping uPAR of
uPA-PAI-1 complex, so that the receptor is available for active
uPA. Other investigators have demonstrated that IFN-y in-
creases the level of cellular fibrinolytic activity by increasing
uPAR expression and/or uPA secretion (38, 39). The regula-
tion of a,M-R /LRP by IFN-y suggests that this cytokine regu-
lates multiple factors functioning in proteinase-mediated cellu-
lar migration. By decreasing plasma membrane levels of
a,M-R/LRP, IFN-y may decrease the efficiency of the uPA-
initiated proteinase cascade, thereby regulating the impact of
increased cellular uPA or uPAR expression.

Finally, regulation of a«,M-R/LRP might also affect cellu-
lar uptake of lipoproteins and exotoxins. The functional conse-
quences of a,M-R/LRP in lipid metabolism may be difficult
to assess due to the concurrent downmodulation of scavenger
receptors (19, 22); however, decreased uptake of apo-E-con-
taining lipoproteins may influence atherogenesis (40).
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