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-ABSTRACT-

A Study on the Expression and Regulation of
Plasminogen Activators in Brain Glial Cells

Urokinase- and tissue-type plasminogen activators (uPA and tPA,
repectively) are major components of the fibrinolytic system. Recently,
non-fibrinolytic functions of them such as chemotaxis, migration and adhesion as
well as their roles as signaling molecules for gene transcription, cytoskeleton
organization and differentiation are reported. They are also detected in the central
nervous system cells, but the exact cellular sources or the functions of them in the
central nervous system are largely unknown. In this study, we monitor mRNA
expression and the activities of uPA in cultures of microglia as well as uPA and tPA
in astrocyte cultures from rat brain. Our data show that activities and transcription of
PAs

are differentially regulated by the microglial activators that we tested

(lipopolysaccharides, gangliosides, thrombin). Moreover those of tPA were detected
only in primary astrocytes from rat brain. These results from a basis for
stimuli-specific activation of glial cells.
Key words: microglia, astrocyte, tPA, uPA, PAI-1
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ABBREVIATIONS

PA: plasminogen activator
uPA: urokinase plasminogen activator
tPA: tissue type plasminogen activator
uPAR: urokinase plasminogen activator receptor
PAI-1: plasminogen activator inhibitor-1
Mic-CM: microglia-conditioned media
Ast-CM: astrocyte-conditioned media
Z-Lys-SBzl: thiobenzyl-benzyloxycarbonyl-L-lysinate
DTNB: 5,5'-Dithiobis(2-nitrobenzoic acid)

. INTRODUCTION

Plasminogen activators (PAs) are major components of fibrinolytic system.
This system comprises plasminogen/plasmin, urokinase-/tissue-type plasminogen
activators (tPA, uPA, respectively), plasminogen activator receptor (uPAR), and
plasminogen activator inhibitors (PAIs).1 Plasminogen activators (PAs) are like
plasmin, serine proteases, thus synthesized and released as zymogens, then converted
to active proteolytic enzymes. Urokinase plasminogen activator (uPA) is activated
when bound to uPA receptor (uPAR) on the cell surface and transformed into two
chain active uPA.2 In contrast, tPA is transformed into active tPA without binding to
receptor.3 The activities of PAs are also regulated by binding to plasminogen
activator inhibitors (PAIs). Among several subtypes of plasminogen activator
inhibitors, plasminogen activator inhibitor type 1 (PAI-1) is a major inhibitor of tPA
and uPA, whereas plasminogen activator inhibitor-2 (PAI-2) exhibits inhibitory
activity mainly toward u-PA and less effective against t-PA. 4,5 Accordingly, the
activities of components of fibrinolytic plasminogen/plasmin system are finely
regulated. Recently, there have been reports that the activities of PAs are detected in
brain and the synthesis and release of plasminogen/plasmin system components are
attributed to a number of central nervous system cells, including endothelial cells,
neurons, astrocytes, and microglia, in vivo as well as in vitro.6,7 In ischemia and
excitotoxicity models, tPA induction and subsequent plasmin generation have been
implicated in neuronal loss, 8-10and the significant increase in uPA, uPAR and PAI-1
in macrophages of the acute lesion of multiple sclerosis delineate the focal

proteolysis which promotes adhesion and migration of activated microglia and
inflammatory cells through CNS parenchyma.11 But, there're increasing contradictory
evidences that the plasmin system is induced and degrades amyloid- aggregates12 or
direct infusion of tPA does not cause neuronal loss.13 In particular, a recent report
that mice lacking tPA, uPA, or plasminogen genes showed delayed functional
recovery after sciatic nerve crush imply protective roles of PAs.14

These

contradictory roles of brain plasminogen / plasminogen activator system in brain
pathology and physiology could be the result of integration of separate brain cells'
reaction and interactions to stimuli.
In this study, we tried to find the cellular sources and regulations of
plasminogen activators using cultured glial cells. uPA was detected in both of
microglia and astocytes, while tPA was observed only in astrocytes. Moreover, the
activities and the expression of uPA and tPA were differentially regulated by each of
glial activators. These form the basis of stimuli-specific activation of glial cells, and
thus explain the different roles of PAs in brain pathology.

. MATERALS AND METHODS

A. Reagents
Thrombin and lipopolysaccharide (LPS) were purchased from Sigma
Chemicals (St. Louis, MO), and gangliosides mixture was purchased from Matreya
(Pleasant Gap, PA). Interferon gamma was purchased from Calbiochem (San Diego,
CA). Oligonucleotide primers were purchased from Bioneer ( Seoul, Korea).
Gelatin and casein were phrchased from Sigma Chemicals (St. Louis, MO), and
fibrinogen and plasminogen was purchased from Calbiochem (San Diego, CA).

B. Preparation of microglia and astrocyte
Primary microglia were cultured from the cerebral cortices of 1-3 day
Sprague-Dawley rats as previously described. Briefly, the cortices were triturated
into single cells in minimal essential media containing 10 % fetal bovine serum
(Hyclone, Logna, UT) and plated into 75cm 2 T-flasks (0.5 hemisphere/flask) for 2
weeks. Then, microglia were detached from the flasks by mild shaking and applied to
a nylon mesh to remove astrocytes and cell clumps. Cells were plated in 6-well plates
(5 x 105 cells/well) or 60 mm dishes ( 8x105 cells/dish) or 100 mm dishes ( 2x106
cells/dish). One hour later, the cells were washed to remove unattached cells before
being used in experiments. Primary astrocytes were prepared using trypsin after
microglia were removed. Detached astrocytes were seeded in 100 mm or 60 mm
dishes. BV2 immortalized murine microglia cells were from Dr. EJ Choi. The BV2
cell line was grown in Dulbecco's Modified Eagle Medium and supplemented with

5% fetal bovine serum.

C. RNA Isolation and Reverse Transcription Polymerase Chain Reaction
(RT-PCR)
Total RNA was isolated using RNAzolTMB (TEL-TEST Inc., friendwood,
TX), and cDNA was prepared using reverse transcriptase that originated from Avian
Myeloblastosis Virus (TaKaRa, Japan) according to the manufacturer's instructions.
PCR was performed with 30 cycles of sequential reactions: 94
for 30 sec, and 72

for 30 sec, 55

for 30 sec. The sequences for PCR primers were as follows.

(F) 5'-ACT GTG GCT GTC AGA ACG G and (R) 5'-CTC TGG TTG TCG GGG
TTC for u-PA; (F ) 5'-AAT GGT GGC CCA GTT CTG-3' and (R) 5'-AGG GTC
AGG AGC AGG GAG-3' for u-PAR., (F)
5'-ATGAGATCAGTACTGCGGACGCCATCTTTG-3' and (R)
5'-GCACGGAGATGGTGCTACCATCAGACTTGT-3' for PAI-1, and
(F)5'-AAAGCTGACATGGGAATATTG-3',
(R)5'-ATGTTGTCTTGGATCCAGTTC-3' for tPA; (F) 5'-TCC CTC AAG ATT
GTC AGC AA-3' and (R) 5'-AGATCCACAACGGATACATT-3' for GAPDH:(F)
5'-CATGTTTGAGACCTTCAACACCCC-3' and (R)
5'-GCCATCTCCTGCTCGAAGTCTAG-3' for Actin. PCR products were separated
by electrophoresis in a 1.5 % agarose gel and detected under UV light.

D. Zymography of urokinase- and tissue type plasminogen activator
For zymography, cultures of microglia and astrocytes were serum-starved

for more than overnight, then a total of 1ml of the media was used directly or
freezed at 70

. To confirm the presence or changes of uPA activity, media

(supernatants) were subjected to casein zymography as described.15 Briefly,
serum-starved cells were stimulated with gangliosides 50 ug/ml, LPS 100 ng/ml or
thrombin 20 U/ml for the indicated times. The harvested medium Cell lysates or
media

were concentrated 200~500 fold if necessary, using Rapid-CONTM Protein

concentration Kit. Then, the media was obtained and electrophoresed on 10 %
SDS-PAGE gels containing plasminogen (0.04 mg/ml), casein (0.1 mg/ml),
fibrinogen (2.4 mg/ml) and thrombin (0.1 unit/ml) at 4

. After electrophoresis, the

gels were gently shaken at room temperature for 1 hour in 2.5 % Triton X-100 to
remove SDS, then incubated in developing buffer (50 mM Tris, 0.2 M NaCl, 5 mM
CaCl 2, 0.02 % Brij 5 w/v or 1 % Triton X-100) at 37

in a humidified chamber for

16 hrs to reactivate them. Then the gel were stained for 1 hr in 0.5 % solution of
Coomasie blue and destained with 70 % methanol and 10 % acetic acid.

E. A coupled photometric assay for plasminogen activators
This assay consists of two successive steps.
Step 1 generates plasmin by plasminogen activators in samples, and step 2
dertermine the plasmin activity gernerated in step 1 using spectrophotometer.
Step 1, plasminogen activation is carried out at 37

in 96 well flat-bottomed

microtiter plates. All reagents are diluted before the assay in 0.1mol/liter Tris.Gly,
pH 8.5, containing 0.5 mg/ml BSA. The incubation mixture consist of 5 ul of the
sample to be measured or PA standard and 0.002 U plasminogen, 1 ng/ml fibrinogen

fragment. Fibrinogen fragments are omitted when only uPA activities are
determined. This step 1 incubation lasts usually 1 h,37

.

Next, step 2 determines activities of plasminogen activator. The reagent
mixture for this determination contains 100 parts Pi-NaCl buffer (0.2 mol/liter NaCl,
pH 7.5) and one part each of Triton X-100 at 0.1 % in water, DTNB 22 mM/L,
Z-Lys-SBzl 20 mM/L. Aliquot ( 270 ul ) of this mixture is added to each well and
the reaction allowed to proceed for 15 min at 20

. Optimal density is mesured at

405nm.16-18 PA and PAI activity was simultaneously measured by following
method (Fig. 1). Five microliters of sample is added to the 12 wells of a
line. The first three wells (A) receive no plasminogen and meawure the
spontaneous hydrolysis of the substrate in contract with sample conditioned
medium. The first 6 wells receive fibrinogen fragments and are used for the
dertermination of total PA (tPA and uPA) activity (B minus A). In the last 6
wells, no fibrinogen fragment are added and the value in wells 7 to 9 (C)
minus the value in wells 1 to 3 (A) thus represents endogenous uPA activity
(C minus A). tPA activity is the difference between total PA activity and
uPA activity (B minus C). uPA is

added

in the last 3 wells, and the

difference in absorbance readings between wells 10 to 12 (D) and receives no
sample, the last 6 wells of this line are used to give the 100 % value of the
activity of the uPA (Dh - Ch). They also constitute an internal standard for
comparison between plates in a same assay.
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2 µ g (5µl) plasminogen
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Fig. 1 Suggested arrangement for simultaneous measurement of PA activity and
PAI activity.

. RESULT

A. Differential regulations of expressions of urokinase type plasminogen
activators in microglia and astrocyte by microglial activators.
To define the cellular sources of uPA, we firstly examined mRNA
expressions of them using RT-PCR. To stimulate microglia and astrocyte, we treated
cells with gangliosides 50 ng/ml, thrombin 20 U/ml or LPS 100 ng/ml, according to
our previous experiments.19,20 Inclusion of gangliosides or thrombin markedly
induced the transcript of uPA in 3 hours, while inclusion of LPS suppressed it in
(prim) microglia, BV2 cells (Fig. 2A, B) and prim.astrocyte(Fig. 2C). As uPA is
known to be activated when it is bound to uPAR, we examined if the expression of
uPAR behaves parallel to that of uPA (Fig.2). Inclusion of LPS or thrombin
increased the expressions of uPAR, while inclusion of gangliosides did not show any
changes of them in (prim) microglia, BV2 cells (Fig.2A, B) as well as prim. astrocyte
(Fig. 2C). These results show that the expressions of uPA and uPAR were regulated
separately.

A. Primary
Microglia

Control

LPS

Gmix Thrombin
uPA
uPAR
GAPDH

B. BV2 cells
uPA
uPAR

ACTIN

C. Primary
Astrocyte

uPA

uPAR
GAPDH

Fig. 2 mRNA expressions of uPA, uPAR in microglia and astrocyte by microglial
activators.
To stimulate microglia and astrocyte, we treated cells with gangliosides 50
ng/ml, thrombin 20 U/ml or LPS 100 ng/ml.
Inclusion of gangliosides and thrombin markedly induced the transcript of
uPA in 3 hours, while inclusion of LPS suppressed it in primary microglia and BV2
cells and primary microglia. The other side, inclusion of LPS or thrombin increased
the expressions of uPAR, while inclusion of gangliosides did not show any changes
of them in primary microglia, BV2 cells as well as prim. astrocyte.

B. Activities of urokinase plasminogen activators(uPA) in microglia and
astrocyte by microglial activators.
Since proteases including urokinase type plasminogen activators are tightly
regulated, we next examined the activities of uPA in the microglia-conditioned media
(Mic-CM) and astrocyte conditioned media (Ast-CM), using casein zymography
which detect only active- and PAI-bound uPA, not inactive pro-uPA. The casein
zymogram of freshly prepared Mic-CM and Ast-CM showed a lytic bands above
the LMW human uPA (33 kDa), since the molecular weight of uPA from rat brain is
reported to be about 48 kDa.21 With zymograms, PAI-bound uPA can be detected,
but nearly no activity was detected above the uPA lytic band in our experimental
conditions(data not shown). The activity of uPA decreased with inclusion of LPS in
BV2 cell and prim. astrocyte, while it increased with inclusion of gangliosides (Fig.
3A, a , B, a), which is thought to result from decreased or increased mRNA
transcript, respectively (Fig.2). Decreased activities by thrombin are described to the
caseinolytic action of thrombin, since the addition of thrombin to control media also
showed blocked activity (Fig 3A, a , B, a, lane 7). LPS preparations are reported to
have contaminants as LPS-associated proteinases,22 but were adding of LPS to
Mic-CM from control cells did not show proteolytic activities.(Fig 3A, a , B, a, lane
4). Moreover, as a zymogram done with cell lysates showed similar patterns with
that of supernatants (data not shown), we concluded that the activities of secreted
uPA reflect that of synthesized uPA. In experiments to confirmed these data , we
were examined by photometric assay for plasminogen activator. These data showed
similar pattern to change in zymogram.(Fig 3.A, b, B, b) The other side, thrombin
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Fig. 3 Zymography showing the activities of urokinase plasminogen activator in
microglia and astrocyte by microglial activators.
The activities of uPA was increased by gangliosides in glial cells. but
decreased by LPS and thrombin. Unlike increased mRNA transcript, decreased
activities by thrombin is thought to the caseinolytic action of thrombin. In
experiments to confirmed these data , we were examined by photometric assay for
plasminogen activator. These data showed similar pattern to change in zymogram.

C. Differential regulations of expressions of tissue type plasminogen activators
in microglia and astrocyte by microglial activators.
Next, we examined whether microglia and astrocytes express the transcripts
of tPA. But, we could not detect tPA transcript in either control or stimulated
primary microglia from rat or BV2 cells (Fig. 4A). As distinct from (primary)
microglial cells, transcripts of tPA were observed in primary astrocytes, only whose
expressions increased with inclusion of LPS or thrombin, not with that of
gangliosides(Fig. 4).

Primary Microglia

Ast
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s

A.
BV2 cells

tPA

B.
Control
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Gmix

Thrombin

tPA
GAPDH

Fig. 4 mRNA expression of tPA inmicroglia andastrocyte by microglial activators.
The tPA expression only detected in primary astrocyte. Changes of tPA
expression in prim.astrocyte, inclusion of LPS and thrombin markedly induced the
transcript of tPA in 3 hours, while inclusion of ganglioside did not show any changes
of them in prim.astrocyte.

D. Activities of tissue type plasminogen activators(tPA) in primary astrocyte
by microglial activators.
tPA activities were detected in Ast-CM from cultured primary astrocyte from
rat around the molecular weight of 92 kDa. Inclusion of LPS or thrombin for 24~48
hr suppressed the activities of tPA, while inclusion of gangliosides showed little
changes. (Fig 5A) In experiments to confirmed these data , we were examined by
photometric assay for plasminogen activator. These data showed similar pattern to
change in zymogram.(Fig 5B)

The other side, thrombin don' t measured due to

caseinolytic action of thrombin. But, decreased activity by LPS or thrombin are
contradictory to the results with RT-PCR (compare Fig. 4). Previous report show
that, tPA/PAI-1 complex was mediated cellular events.23 So, we tested the
involvement of PAIs.
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Fig. 5 Zymogram showing the activities of tissue type plasminogen activator (tPA)
by microglial activators.
Unlike increased mRNA transcript, the activities of tPA suppressed by LPS
and thrombin. Decreased activities by thrombin is thought to the caseinolytic action
of thrombin. In experiments to confirmed these data , we were examined by
photometric assay for plasminogen activator. These data showed similar pattern to
change in zymogram.

E. Transcript of PAI-1 in primary microglia, BV2 cells and primary astrocytes.
Since the activity of urokinase-, tissue type plasminogen activators could
also be regulated by binding to plasminogen activator inhibitors(PAIs), and PAI-1 is
known to be a major inhibitors of uPA and tPA, we observed transcript levels of
PAI-1 with RT-PCR analysis. Transcripts of PAI-1 were increased with inclusion of
LPS or thrombin in (primary) microglia and prim.astrocyte (Fig.6A). And as
expected, expressions of PAI-2 showed no significant changes(data not shown). In a
study to confirm these data, were measured by a coupled photometric assay (Fig.
6B). So decreased tPA activity by zymogram in LPS-, thrombin-treated astrocytes,
could be the results of increased expression and binding of tPA to PAI-1. In
conclusion, tPA is transformed into active tPA without binding to receptor. Thus,
PAI-1-bound tPA was increased with inclusion of LPS or thrombin.
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Fig 6 PAI-1 mRNA expressions in

microglia and

astrocytes by microglial

activators. .
Transcripts of PAI-1 were increased with inclusion of LPS or thrombin in
(primary) microglia and prim.astrocyte. In experiments to confirmed these data , we
were examined by photometric assay for plasminogen activator. These data showed
similar pattern to change in RT-PCR.

. DISCUSSION

Microglia are among the representative immune effector cells in the brain.
When brain is exposed to external stimuli, microglia are immediately activated and
proliferate then migrate to damaged areas. Several materials are known to activate
microglia in vitro and in vivo, and lipopolysaccharides, pro-inflammatory cytokines
such as interferon- are among them.
We report lipopolysacharide, gangliosides24 and thrombin25 as another potent
microglial activators, thus release cytokines and inflammatory mediators from
microglia. In our previous study to compare the activation profiles among several
microglial activators, no significant differences were noticed. Namely, all three
activate and induce the release of nitric oxides, proinflammatory cytokines including
IL-1, TNF- , as well as adhesion molecules and chemokines.
As LPS-, thrombin-, or gangliosides-activated microglia showed marked
morphological changes distinct from resting microglia, we thought of the
involvement of proteases, especially plasminogen activators. Consistent with the
morphological

changes,

gangliosides

treatment

increased

the

mRNA

expressions(Fig. 2) as well as the activities of uPA(Fig. 3). LPS, in spite of the
characteristic morphological changes, decreased mRNA expressions and activities of
uPA (Fig. 2A and B, Fig. 3A). Decreased uPA activity by zymogram is considered to
reflect the decreased synthesis of uPA or increased binding of it to PAI-1. This is
consistent with former report that microglia isolated from rat brain secrete a uPA and
inclusion of LPS markedly decrease the uPA activity. 21 Different from the transcript

of uPA, that of uPAR was markedly induced by LPS, but not by gangliosides. uPAR
is a monocyte-activation marker (CD87), whose surface expression is found only on
activated monocyte, while quiescent monocytes exhibit little or no uPAR in vivo.26
These demonstrated endogenously expressed uPAR,27that increased in activated
human cultured microglia. In our experiments, uPAR expression was also seen in
control cells and markedly increased by LPS (Fig. 2A and B). These results reveal
that uPA and uPAR are regulated separately, and uPAR could, independently of
uPA, contribute to inflammatory functions of microglia. The fact that LPS treatments
suppressed mRNA expressions and activities of uPA does not necessarily mean that
LPS has an anti-inflammatory or anti-migration effects. There are reports that uPAR
can act independently of uPA28 and uPA-deficient mice are resistant to microbial
infection, while uPAR-deficient mice are susceptible to neuronal damages. While the
transcripts of uPA and uPAR increased markedly with thrombin, the activities of
uPA nearly abolished (Fig.3). It is likely that thrombin cut the active site of secreted
uPA, thus, uPA lose the caseinolytic activity, since the inclusion of thrombin to
Mic-CM from control cells for 30 min also abolished uPA activity (compare lane 3
and 4 in Fig. 3A). The changes in the expression of uPA and uPAR by the activators
in primary astrocytes showed very similar pattern to those in microglia. Namely,
inclusion of gangliosides and thrombin increased the expression of uPA, while
inclusion of LPS and thrombin increased the expression of uPAR.
Transcripts as well as the activities of tPA were detected in primary
astrocytes (Fig.4), but the activities and the transcripts showed inconsistent patterns
(Fig.5, 6). Namely, transcript of tPA increased with inclusion of LPS or thrombin

(Fig.5), while the activities of them decreased with inclusion either of them (Fig.6).
Those result from increased expression and binding of them to PAI-1 in primary
astrocytes.

. CONCLUSION

1. mRNA expression and the activities of uPA were detected in primary microglia
and astrocytes, but those of tPA were detected only in primary astrocytes from rat
brain.
2. Increased uPA activities by gangliosides treatment are due to the increase in
synthesisis in primary microglia and astrocyte.
3. mRNA expression of uPA increased with thrombin treatment.
4. mRNA expression of tPA in primary astrocytes increased with treatment of LPS
and thrombin , but the activities shown in zymogram were decreased, possibly due
to the increased binding with PAI-1.

Thus, all three microglial activators we tested differentially regulate the expressions
and the activities of plasminogen activators in microglia and astrocytes.
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