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The effect of y-interferon (y-IFN) on the interleukin-1o (IL-1a) induced stimulation of urokinase-
type plasminogen activator (u-PA) expression in human foreskin microvascular endothelial cells
(HFMEC) and in human umbilical vein endothelial cells (HUVEC) was investigated. When y-IFN
and IL-1a were added to the cells simultaneously, y-IFN inhibited the IL-1o induced increase in u-
PA antigen production in both HFMEC and HUVEC in a dose dependent fashion, with a maximum
inhibitory effect achieved between 2.0 and 20.0U/ml of y-IFN. Pretreatment of HFMEC with ¥IFN
for 1 hour before addition of IL-1a resulted in a significant reduction in u-PA synthesis. However,
when HFMEC were pretreated for 8 hours with y-IFN before the addition of IL-1« the reduction in
u-PA production was even more significant. When y-IFN was added to HFMEC 1 hour after IL-1c,
a significant inhibition in u-PA synthesis was seen. In contrast only a slight inhibition in IL-1o
induced u-PA production was seen when y-IFN was added to the cells 8 hours after IL-1a. y-IFN
?{l%(;\/[ inhibited significantly the IL-1a induced increase in u-PA specific mRNA in HUVEC and
EC. ©® 1992 Academic Press, Inc.

Endothelial cells (EC) play a key role in regulating fibrinolysis. Human endothelial cells express both
types of plasminogen activators (PA’s), the urokinase-type PA (u-PA) and the tissue-type PA (t-PA),
as well as their inhibitor, plasminogen activator inhibitor type-1 (PAI-1) (1). The balance between
PA’s and PAI-1 is regulated by a wide variety of stimuli (2, 3). t-PA seems to be mainly responsible
for intravascular clot lysis, whereas processes requiring extracellular proteolysis such as
angiogenesis and invasion and metastasis seem to be regulated by u-PA produced by EC or tumor
cells, respectively (4, 5).

u-PA expression in human EC is upregulated by cytokines such as tumor necrosis factor-a
(TNF-o) and interleukin-1 (IL-1) (6). However, relatively little is known about the downregulation
of u-PA in EC. In addition, in most of the studies investigating the effect of cytokines on the
fibrinolytic system of EC only individual cytokines have been used. By using TNF-o. and y-IFN in
combination it has recently been demonstrated that TNF-a-induced upregulation of u-PA in human
umbilical vein EC (HUVEC) was reversed by y-interferon (y-IFN) (7). Furthermore y-IFN has been
shown to enhance EC activation by TNF-o but not by IL-1 (8). However, TNF-o, and IL-1 show
striking similarity in many of their effects on EC (9). For example in EC both cytokines increase the
expression of adhesion molecules and affect the fibrinolytic system by increasing the expression of
u-PA and PAI-1 (6, 10-12). It was therefore the aim of this study to investigate if y-IFN would also
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inhibit the IL-1 induced increase in u-PA expression in human EC of micro- and macrovascular
origin.

MATERIALS AND METHODS:

: Human foreskin microvascular EC (HFMEC) were isolated according to the method of
Jackson et al. (13). Briefly, specimens of human neonatal foreskin were cut into Smm cubes and
incubated for 40 minutes at 37°C in 0.3% typsin, 1% EDTA in Hanks balanced salt solution
(HBSS). Thereafter, the tissue was washed three times with HBSS and microvascular segments
were squeezed from the cut edges by downward pressure with the flat side of a scalpel blade. The
suspension was pushed through a 100pl nylon mesh and centrifuged for 5 min at 200g. The cells
were resuspended in 80p1 of HBSS containing 5% supplemented calf seram (SCS) (Hyclone;
Logan, UT) and incubated with 20u! of Dynabeads (108 beads/ml) (Dynal; Norway) coated with
Ulex europaeus agglutinin (UEA) (Sigma; St. Louis , MO) for 10 min at 4°C with end over end
rotation. The beads were collected with a magnetic particle concentrator (MPC) (Dynal; Norway) and
the supernatant was discarded. Thereafter, EC bound to the beads were washed five times by
resuspending with 2ml of HBSS containing 5% SCS, mixing by end over end rotation for 1 min
followed by separation using the MPC for 1 min. Thereafter, the EC were resuspended in M199
ccontaining 20% SCS, 50ug/ml endothelial cell growth supplement (ECGS), prepared as described
by Maciag et al. (14) and 5U/ml heparin (Fisons, Australia) and plated in petri dishes (100mm)
(Costar; Cambridge,MA) coated with gelatin (Biorad; Richmond, CA). After 5 to 8 days HFMEC
reached confluence and were subculturded using a split ratio of 1:3, HUVEC were isolated by mild
collagenase treatment following the method of Gimbrone et al. (15). The cells were confirmed as
endothelial by their “cobblestone” morphology, positive staining with anti-von Willebrand Factor
VIII antibodies and uptake of immunofluorescent labelled acetylated LDL as described (16). All EC
used in this study were between passge 2 and 4.

Cytokines: Recombinant human y-IFN (th y-IFN), expressed in E. coli, was a gift from Dr. E.
Hochuli, Hoffmann-La Roche, Switzerland, and had a specific activity of 2.7x107U/mg.
Recombinant human IL-1 o (th IL-1a), expressed in E. coli, was a gift from Dr. P. Lomedico,
Hoffmann-La Roche, Nutley, NJ, and had a specific activity of 2.5x107U/mg. Recombinant human
TNF-a (th TNF-0), expressed in E. coli , was obtained from Boehringer- Ingelheim, Sydney, and
had a specific activity of 6x107U/mg.

Cytokine treatment; EC, grown to confluence in 6 or 24 well dishes (Costar; Cambridge, MA) were
rinsed twice with HBSS containing 10mM Hepes. Thereafter, M199 containing Sug/ml insulin,
5ug/ml transferrin and Sng/ml sodium selenite (M199-1TS) without or with variuos concentrations of
th y-IFN, rh IL-1a or th TNF-a or combinations of th y-IFN and th IL-1a or rh y-IFN and th TNF-
a, respectively, was added to the cells. At time points indicated conditioned media (CM) of such
treated cells were collected, centrifuged at 300xg and stored at -70°C. At the same time points, the
EC monolayers were rinsed with HBSS and lysed with phosphate buffered saline, pH=7.4, (PBS)
containing 0.1% Triton X-100. Cell lysates (CL) were centrifuged and stored as described above.

-PA, t-P PAL- igen: u-PA, t-PA and PAI-1 antigen, respectively, in CM and
CL was determined by specific ELISA’s, employing monoclonal antibodies specific for the
respective antigens (16-18).

Northern blot analysis; Northern blot analysis was performed using HFMEC and HUVEC,
respectively, grown in 6 well plates with each well having a surface area of 9.6cm2, Total cellular
RNA from triplicates was extracted and pooled by the guanidine isothiocyanate/cesium chloride
method (19). Agarose gel electrophoresis was used to size fractionate RNA, using a formaldehyde
containing 1.4% (w/v) agarose gel. RNA was transferred from the gel to a Bio Trace HP membrane
(Gelman Sciences; Ann Arbor, MI). Hybridisations were performed overnight, using cDNA
fragment probes encoding u-PA (kindly provided by Dr. R. Miskin, Rehovot) and the
“housekeeping” gene GAPDH (kindly provided by Dr. O. Bernard, Melbourne). Probes were
labelled by random priming with 32P ATP (Amersham; Australia) and added to a 50% (v/v)
formamide hybridisation buffer to achieve a minimum specific activity of 2x106 cpm/ml, Following
hybridisation, membranes were washed in reducing concentrations of SSC to a %ﬂl concentration
0.1xSSC/0.1%SDS (w/v) at 65°C. Autoradiography was performed using Kodak XAR-5 film at-
70°C. Films were scanned using an LKB 2202 Ultro Scan Laser Densitometer (LKB; Sweden) in
order to quantify differences in mRNA expression,

Statistical analysis; Data were compared statistically by using a student’s t-test for paired
observations,
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RESULTS:

As can be seen from Fig. 1, panel A, the production of u-PA antigen by HFMEC was not influenced
when such cells were incubated with increasing concentrations of th y-IFN., When HFMEC were
incubated with 100.0U/ml rh IL-1o, u-PA antigen production was stimulated up to five-fold. Higher
concentrations of rth IL-1a did not result in a further increase in u-PA antigen (data not shown).
When rh IL-la was added to the cells at the above concentration together with increasing
concentrations of rh y-IFN, u-PA antigen decreased significantly in a dose dependent manner with
maximum effects (approximately 55% reduction) achieved between 2.0 and 20.0U/ml of th y-IFN. It
is, noteworthy, however, that u-PA antigen levels were not reduced to control levels in IL-1a
stimulated cells, even in the presence of 200.0 U/ml th v-IFN,

Similar results were obtained when HUVEC were incubated with th IL-1o or y-IFN or a
combination of both (Fig. 1, panel B). u-PA antigen levels in unstimulated HUVEC, however, were
below the detection limit of the ELISA used (<0.2ng/ml). No u-PA antigen was detected in CL of
either cell type tested.
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(panel A) or HUVEC (panel B). Confluent monolayers of HFMEC or HUVEC, respectively, were
incubated for 24 hrs without or with various concentrations of th y-IFN in the absence (open
symbols) or presence of th IL-1c: at a concentration of 100.0U/ml (full symbols). No u-PA antigen
was detectable in the conditioned media (CM) of HUVEC in the absence of th IL-1a (lowgr deu;cuon
limit of the ELISA used: 0.2ng/ml). CM was collected and processed, and u-PA antigen in the
samples was determined as outlined under Materials and Methods. Values are given as ng/103
cells/24hrs and represent meansz+S. D. of three independent wells.

* p<0.001, ** p<0.005, *** p<0.01 (as compared to IL-1o: treated cells).
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produced by HFMEC (panel A), Conﬂuent monolayers of HFMEC were mcubated for 24 hrs
without or with rh y-IFN (200.0U/ml) in the presence or absence of th IL-1a (100.0U/ml) (open
bars). To some of the cells rh vIFN (200.0U/ml) was added 1 hr, 2hrs or 8hrs after the addition of
th IL-1a (100.0U/ml) (full bars). CM of these cells were harvested and processed as descnbed in the
Materials and Methods section. [nflue ment of HEME FN on IL-1a-ind
wummmmm_ el B). Confluent monolayers of HFMEC were
incubated for 8hrs with control medmm M 199-ITS) (open bars) or with rh IFN (200.0U/ml) for
1hr, 2hrs or 8hrs, respectively (full bars). Thereafter, the monolayers were rinsed with HBSS and rh
IL-1e (100.0U/ml) or M199-ITS without any addition was added to the cells. After 18 hrs CM of
these cells were harvested and processed as desribed in the Materials and Methods section,

u-PA antigen in the samples was determined as outlined under Materials and Methods. Values
are given as ng/105 cells/24hrs (panel A) or 18hrs (panel B) and represent means+S. D. of three
independent wells.
* p<0,001, ** p<0.005, *** p<0.02 (as compared to IL-1a treated cells),

When 1h v-IFN (200.0U/ml) was added to HFMEC 1 hour after th IL-1a (100.0U/ml) a
significant reduction in u-PA antigen was still seen (IL-1a: 5.4+0.4ng/105 cells/24 hrs, IL-1o+y-
IFN: 2.640.3ng/105 cells/24 hrs; p<0.001). When y-IFN was added to the cells 2 hours after IL-1a
the reduction in u-PA antigen was still significant (IL-1lo+y-IFN: 3.5+0.3ng/105 cells/24 hrs;
p<0.005). However, when y-IFN was added to the cells 8 hours after the addition of IL-1e, no
significant reduction in u-PA antigen was observed (IL-1a+y-IFN: 4.7+0.3ng/105 cells/24 hrs) (Fig.
2, panel A).

In a separate experiment HFMEC were pretreated for 1, 2 or 8 hours with rh y-IFN
(200.0U/ml). Thereafter the cells were rinsed twice with HBSS and fresh medium containing th IL-
1o (100U/ml) was added. IL-1a at the same concentration or control medium (M199-ITS) without
any additions was added to untreated HFMEC. CM from these cells were collected after 18 hours.
As can be seen from Fig. 2, Panel B, pretreatment of HFMEC with y-IFN for the respective time
periods resulted in a significant reduction in u-PA antigen (IL-1o without pretreatment with y-IFN:

466



Vol. 188, No. 1, 1992 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

u-PA
GAPDH
” E
= + =] +
EZ =~ EZ -
Bk T EL T
o%=d ow=Z=

¢ 10 U-PA specifi A_in HEMEC and
HUVEC, (Northern analysis). HFMEC or HUVEC were incubated for 8 hrs without or with th ¥
IFN (200.0U/m1), or th IL-1a (100.0U/ml) or a combination of both cytokines at the respective
concentration. Northem blots of RNA from these cells were hybridised to cDNA probes for u-PA
and GAPDH as outlined in the Materials and Methods section.

4.0+0.4 ng/105 cells/18hrs, IL-1a after 1 hr pretreatment with y-IFN: 2.5+0.1ng/105 cells/18hrs;
p<0.02, IL-10 after 2 hrs pretreatment with v-IFN: 1.9+0.3ng/105 cells/18hrs; p<0.02, IL-1a after
8 hrs pretreatment with y-IFN: 1.5+0.2ng/105 cells/18hrs: p<0.005).

As can be seen from Fig. 3, the reduction of IL-1a stimulated u-PA expression by y-IFN was
also seen on the level of specific mRNA expression in both HFMEC and HUVEC, as demonstrated
by Northern analysis. In the presence of rh IL-1a (100.0U/ml), u-PA mRNA increased up to five-
fold in HFMEC and up to ten-fold in HUVEC, respectively, as determined by densitometry. This
increase in u-PA mRNA was reduced almost to control values, when HFMEC or HUVEC,
respectively, were treated with th IL-1a (100.0U/ml) and th y-IFN (200.0U/ml) simultaneously.

The effect of y-IFN on IL-la stimulated u-PA expression was unlikely to be due to
lipopolysaccharide (LPS) contamination of the cytokines used, since it was observed in the absence,
as well as in the presence of polymyxin B (data not shown).

As described by Niedbala and Stein Picarella (7) y-IFN also inhibited the TNF-a-induced
stimylation of u-PA expression in HFMEC and HUVEC (data not shown).

u-PA PAI-1 t-PA
HFMEC HUVEC HFMEC HUVEC HFMEC HUVEC
control 1.610.4 <0.2 404151 378+44  135:0.1 2.210.2

200.0U/ml y-IFN  1,240.1 <0.2 371469 27031 11303  2.240.2
100.0U/ml IL.-lec  6.9+1.5 3.8+40.3 679183 820489 0.9+0.3 1.740.1

200.0U/ml v-IFN  2940.3% 1.840.5% 571140 692431 1.0+0.1 1.9+0.3
+100.0U/ml IL-1a

Confluent monolayers of HFMEC or HUVEC were incubated for 24 hrs without or with rh y-IFN
(200.0U/ml), or rh IL-1c (100.0U/mi) or a combination of both cytokines at the respective
concentration. CM of these cells were harvested, processed and u-PA, PAI-1 and t-PA antigen was
determined as described in the Materials and Methods section. u-PA, PAI-1 and t-PA antigen values
are given as ng/105 cells/24hrs and represent means+S, D. of three independent wells.

# p<0.01 (as compared to IL-1a treated cells).
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IL-1a stimulated PAI-1 expression was also reduced by concomitant incubation of HFMEC
or HUVEC, respectively, with th IL-1a (100.0U/ml) and rh y-IFN (200.0U/ml). This reduction,
however, was moderate when compared to the effect of v-IFN on IL-1a-induced stimulation of u-PA
expression (see Table 1). t-PA expression was not affected by such treatment (Table 1).

DISCUSSION:

Human EC in culture produce only low levels of u-PA. However, u-PA expression can increase
dramatically with passage (20). Furthermore, cytokines like IL-1 or TNF-a, or growth factors like
basic fibroblast growth factor (bFGF), have been shown to increase significantly u-PA expression in
EC (4, 6). u-PA is thought to be involved mainly in extracellular, spatially controlled proteolysis, via
binding to its receptor, which is present on the surface of many cell types, including EC (21, 22).
This concept is supported by the fact that u-PA expression correlates with migration in EC (23). On
the other hand, relatively little is known about the factors downregulating u-PA expression in EC.,
Furthermore most of the studies investigating the regulation of the plasminogen activating system of
EC by growth factors or cytokines have used only individual cytokines or growth factors. By using
TNF-a and y-IFN in combination, it has been shown recently that u-PA upregulation in HUVEC
caused by TNF-a was inhibited by y-IFN (7). y-IFN has been also shown to act in combination with
TNF-a to reorganise EC monolayers and to enhance EC activation by TNF-a but not by IL-1 (8,24).
In many of their effects, however, TNF-o and IL-1 show a striking similarity (9).

In this report we present evidence that y-IFN also counteracts the IL-1a-induced upregulation
of u-PA antigen in human EC of micro- and macrovascular origin. This effect was dose dependent,
with a maximum effect achieved between 2.0 and 20.0U/ml of v-IFN. Simultaneous incubation of
HFMEC or HUVEC, respectively, with both y-IFN and IL-1« resulted in a significant reduction in
the levels of u-PA specific mRNA, when compared to levels of u-PA mRNA in the respective cells
treated with IL-1c alone. In experiments in which EC were treated with IL-1a, followed by the
delayed addition of y-IFN, it was observed that y-IFN was able to counteract the IL-la-induced
stimulation in u-PA expression, when added to the cells one or two hours after IL-1a but not 8 hours
after IL-1¢. This suggests that the presence of y-IFN is required during early ligand/receptor signal
transducing events. Pretreatment of EC with v-IFN for eight hours made the cells refractory to IL-1a
stimulation of u-PA expression when such pretreated cells were then exposed to IL-1a for 18 hours
in the absence of y-IFN. These results are similar to the data published by Niedbala and Stein
Picarella, demonstrating the inhibition of TNF-« stimulated u-PA expression in EC by y-IFN (7).
This similarity could suggest a common mechanism by which y-IFN counteracts the stimulation of u-
PA expression in EC brought about by TNF-o. as well as by IL-1a.

The IL-la-stimulated increase in PAI-1 antigen was only slightly decreased by v-IFN,
whereas t-PA expression was not affected in the presence of y-IFN,

In conclusion, our data provide evidence that v-IFN, in addition to its known inhibitory effect
on the TNF-a-induced stimulation of u-PA expression (7), can counteract the IL-1a-stimulated
increase in u-PA expression in human EC of micro- and macrovascular origin, Thus, the concomitant
presence of yIFN and IL-1a during inflammatory responses could contribute to the modulation of
processes requiring EC-mediated extracellular proteolysis by u-PA such as EC migration,
neovascularisation and wound healing,
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