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Production and secretion of plasminogen in cultured rat brain microgiia
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The production and sckretion of plasminogen in cultured rat bruin microglia was investigated. Urokinase-dependent ciscinolytic activily was

deteeted by zymography in microglial conditioned medium with a melecular weight of about 80 kDa, The 90-kDa protein was also detested by

Woextern blotting with anti-rat plasminogen antiserum in the non-reducing condition. Immunoprecipitation with plasminogen antiserum following

[S]methionine labelling revealed that the plasminogen detested in microglial conditioned medium is synthesized in microglis. The amount of

plasminogen in the conditioned medium was inereased by stimulation with lipopolysaccharide. These results show that cultured microglia preduse
plasminogen and secrete it into the culture medium,

Proteuse: Plasminogen: Plusminogen activator; Culture: Microglin

1. INTRODUCTION

Accumulating lines of evidence suggest that the plas-
minogen~plasminogen activator (PA) system plays im-
portant roles in many biologicat reactions, such as fibri-
nolysis {1], extracellular proteolysis, cell migration, cell
invasion, tissue remodeling [2.3] and the processing of
proenzymes [4,5], prohormone [6], progrowth factor [7].
and procytokine [8]). In the central nervous system
(CNS), the system is aiso thought to be associated with
the processes of neurite outgrowth [9-1 1], cell migration
(12}, and astroglial proliferation [13].

Microglia, one type of glial cells in the CNS, are
detected in a scattered fashion as ramified microglia in
the brain, and they are activated in various pathological
states and become ameboid microglia, which are be-
lieved to scavenge cell debris in an injured site [14]. In
recent years, much attentin has been paid to the involve-
ment of microglia in causing neurological disorders
such as AIDE encephalitis [15]. Alzheimer's disease [16]
and multiple «:lerosis [17). In vitro studies are necessary
to determine the precise roles of microglia in normal
development and the pathological state in the CNS.
[solated and cultured microglia show morphological
similarity to ameboid microglin [18-23]. and are re-
ported to produce cytokines [24-26] and growth factors
[27], and to have antigen presantation [20.21,28] and
phagocytotic ability [23,29). These properties seem to
reflect the in vivo functions of microglia.

QOur recent studies indicated that microglia isolated
fromm rat brain primary culture secrete a PA which secems
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to be related to such biological events as extracellular
proteolysis, morphological changes and cell migration
[30). However, the production of plasminogen, the sub-
strute of PA, in microglia remained unclear. In the pres-
ent study we found that plasminogen is produced in
cultured microglia and is secreted extraceliularly.

2. MATERIALS AND METHODS

2.1, Prepuration of microglia wd their conditioned mediua

Isolution of microglia from a primary culture of rut brain, and the
prepuration of microglinl conditiered medium (Mic-CM) were de-
scribed previously [23,31]. In brief, isolated and cultured misroglia
(3-5 x 10* cells/75 em®) were rinsed three times with serum-free
DMEM and cultured in the sume medium for 048 h, The harvested
medium was concentraled about 30-fold by Amicon ulirafiitration
(YM § membrune), and used cither immediately or after being frecze
dried.

2.2, Cuscineurokinase-zymography

In arder to detest plusminogen and estimate its molecular weight,
cassin-urokinuse.zymography was performed according to a modifi-
cation of the method described clsewhere [32.33). Mic-CM and plas-
minogen purified from rat plasma were subjecled to SDS-PAGE
under non-reducing conditions. The polyacrylamide gels were washed
for 40 min with 2.5% Triton X-100 in 50 mM Tris-HCl (pH7.5) buffer
and overlaid on a 1% agarose gel containing 100 U of human uroki-
nase and 20 mp of casein per ml. In the casein-plasminogen-zymogra-
phy used to detect PA, human urokinase was replaced by 100 s« of
human plasminogen per ml. The layered gels were incubated for 1-6
h at 37°C in a humid'"ed chamber, The agarose gel was stained with
1% Amido black in 70% methanol and 10% acetic acid.

2.3, Preperation of amiserwm against rat plasminogen

Rut plasminogen was purified from the plasma of aduft rats. The
plasma was directly applied onto a lysine-Sepharose column (2 % 10
¢m) [34] equilibrated with $0 mM potassium phosphate buffer(pH 7.4)
(KPB). Afier being washed with KPB and with KPB containing 0.5
M NuCl, plasminogen was cluled with 6.2 M 6-amino caproie acid.
Plasminogen {ractions were precipituled with 80% saturated ammo.
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nium sulfate, and further purified by gel fltration using Sephudex
G-150,

Polyclonul antibady to the purified rit plasminogen wux raised in
rubbits. New Zealund White rabbits were immunized by injection of
P of the plasminogen emulsified in Freund's complete udjuvant,
and boosted three times at 2.week intervals with approximutely 200
ug of plasminogen in incomplete Freund's udjuvunt,

2.4, Western blatting

Proteins were clectrophoresed by SDS.-PAGE [35), und trunsferred
1o Immobilon-P (Millipore) with a semi-dry transblotling upparaius
as deseribed previousty [31]. The untibody binding was detected with
0.02% 3,3 -diaminobenzidine tetruhydrochloride und M,0,.

2.5, lnumunoprecipination

Migraglin (5 » 10* cells per 75 cm®) were labelled with 15 MBq of
(¥*S)methionine (»37 TBg/mmel, Amersham) in 5 ml of methionine-
free DMEM for 24 h, The conditioned medium was collected and
conecentrated us deseribed above, und freeze-dried plasminogen in the
Mic-CM was immunaoprecipitated as described previously [31]. The
immune complexes were subjected to SDS-PAGE after being heated
in Lacmmli's sample solution mt 90°C for 2 min [36). [*S)Methionine.
labelled bands were detected by autoradiography.

3. RESULTS

3.1, Detection of plasiinogen by symography

Mic-CM was examined for plasminogen by zymogra-
phy. Asshown in Fig. 1 (lane 3), Mic-CM formed a lytic
band in cassin-urokinase zymography at the position of
about 90 kDa, which corresponded to plasminogen pu-
rified from rut plasma (lane 1), No lytic band was ob-
served when urokinase was omitted from the agarose
gel {lane 4), while in casein-plasminogen-zymography,
the same conditioned medium formed a Iytic band at

kDa
90 »
47 =
1 2 3 4

Fig. 1. Detection of plasminogen by zymography. Mie-CM (70 ug of

protein) wns examined by zymography for the presence (Jane 3) or

absence (lane 4) of urokinase, In lane 1, plusminogen (20 ng) purified

from plasma is shown, For lane 2, plusminogen activitor was analyzed
by using the same Mic-CM (3 g protein) as in lane 3.
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Fig. 2, Immuno-biot testing of Mic-CM for piasminogen. Microglia
(4 % 10% cells) were sceded in the wells of 4 6-well plate and maintained
with serum-free DMEM (or various times. Mie-CM, recovered at 0
h (lane 1), 12 h (lane 2), 24 h (lane 3), and 48 h (lanc 4) were subjected
to SDS-PAGE under non-reducingconditions and immunoblotted. In
june S, 10 np of rat plasminogen was used. Molecular weight masker
proteins phosphoryluse & (94 kDa), bovine serum albumin (68 kDa).
ovalbumin (43 kDa). carbonic anhydruse (30 kDa). soybeun trypsin
inhibitor (20.) kDa) and a-lactalbumin (14.4 kDa) ure shown on the
right side.

about 47 kDa which is possibly PA (lane 2) as we re-
ported previously [30].

3.2, [sununo-blot testing of Mic-CM for plasminogen

The existence of plasminogen and the changes in the
amount of plasminogen in Mic-CM with culture time
were investigated by Western blotting. As shown in Fig.
2, the intensity of immunoreactivity significantly in-
creased with culture time (048 h), suggesting that mi-
croglia secrete plasminogen in a time-dependent man-
ner. The amounts of plasminogen secreted were roughly
estimated to be 5 ng/d x 10° cells/2 days, using purified
plasminogen as a calibration control.

3.3, De novo synthesis of plasminogen

To demonstrate that the detected plasminogen was
derived from microglia, [**S)methionine was added to
the culture medium and Mic-CM collected 24 h later
was subjected to immunoprecipitation. As shown in
Fig. 3 (lane 1), proteins of about 90 kDa which were
labelled with [**S]methionine were precipitated by rat
plasminogen antiserum, although several [#Slmethion-
ine-lubelled bands were detected in the Mic-CM (lane
3). Furthermore, when the same Mic-CM was subjected
to casein-urokinase zymography, plasminogen was
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Fig. 3. De novo synthesis of plasminogen. Molecular marker proteins
on the left side are the same as in Fig. 2. [PS]Mathionine-labelled
proteing in Mic-CM were divided into two parts. Ore part was im-
munoprecipituted with plasminagen antissrum as deseribed in section
2, and the precipiated *S-labelled proteins were unalyzed by SDS-
PAGE followed by autoradiography (laune 1), The other part was
subjected 10 SDS-PAGE in a non-seducing condition und zymogra-
phed (lane 2). The polyacrylumide gel used in zymogruphy was sutora-
diographed (lane 3).

clearly detected at about 90 kDa (lane 2). These results
indicate that the plasminogen detected in Mic-CM is
synthesized in microglia.

3.4, Stimulaeion of plasminogen secretion by LPS

The effect of lipopolysaccharide (LPS) stimulation on
the amount of plasminogen in Mic-CM was investi-
gated by Western blotting, Although the number of cells
was not affected (data not shown). the amount of plas-
minogen in Mic-CM was found to be increased about
2- to 3-fold by the addition of LPS (2-10 ug per ml)
(Fig. 4). These results suggest that the amount of secre-
tory plasminogen from microglia is regulated by various
effectors.

4, DISCUSSION

The plasmincgen-PA system is generally accepted as
being connected mainly with fibrinolysis, and with other
biological events such as extracellular proteolysis and
cell migration. Blood plasminogen is thought to be de-
rived from liver cells, It is reported that iiver {37] and
hepatocytes [38] do in fact produce plasminogen. The
plasminogen-PA system is also thought to be associated
with cell proliferation [13], cell migration [t2), and
neurite extension [9-11] in the CNS, Although it has
been suggested that plasminogen is produced in neu-
ronal cells, its production in microglial cells remained
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Fig. 4. LPS stimulation of plasminogen secretion. Microglia (1.5 10%)

were sceded in the wells of a 12-well plate. After the medium was

replaced with serum-free DMEM, LPS was added at concentrations

of 0-10 sp/m! and the cultures were maintained for 36 h. The recov-

ered medium, which was cither not stimulated (lane 1) or stimulated

with 2 ug of LPS/m! (flane 2) or {0 4g of LPS/mul (lane 3) was snalyzed
by Western blotting as in Fig. 2.

unclear. In the present study, we have demonstrated
that plasminogen is preduced in and secreted from mi-
croglin, one type of glial cells in the CNS, By zymogra-
phy and Western blotting, microglia-derived plasmino-
gen was detected as a doublet around 90 kDa, like rat
vlasma-derived plasminogen. These two forms were
thought to depend on the difference in glycosylation as
reported for human plasminogen [39], in which two
major glycoforms have an identical amino-acid se-
quence, There was a possibility that plasminogen de-
tected in Mic-CM came from the fetal calf serum used
for culture medium of the primary culture. However, we
cxcluded that possibility by [*S)methionine labelling
and immunoprecipitation experiments.

What is the physiological meaning of the microglia-
derived plasminogen? The most plausible speculation is
the one in relation to the degradation of macromole-
cules like those in cell or tissue dabris, because microglia
are known to be activated as scavenger cells in response
to hrain injury or pathological stimuli.

LPS is a strong stimulus for microglia, and leads to
an increase in the secretion of 1L-I [22]), TNF [26] and
NGF [27] by microglia. As shown in the present study,
LPS also stimulates the secretion of plasminogen from
microglia. Therefore, it is likely that the secretion of
plasminogen by microglia is regulated in response to
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various effectors, which muy originate in the surround-
ing cells, Furthermore, a number of studies huve shown
that plusmin can process and activate procollugenase
[4]. pro uPA [5), proinsulin [6). pro {L-8 [8] and latent
TGF, [7]. Taking into account these studies. it is also
possible to speculate that the plusminogen—-PA sysiem
secreted from microglia plays important roles not only
in migration and extracellular proteolysis but also in the
regulution of growth fuctors, cytokines and hormones
activities in the extracellular spuces.
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