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Host defense and i~~matiou involve close 
interactions between i~un~m~tent cells and 
the vessel wall [ 1,21. Leukocytes must adhere to and 
pass through endothelial linings in order to extra- 
vasate and local&e at in%ammatory sites. In the 
presence of cell-mediated immune reactions, vaso- 
dilation and proliferation of capillary endothelial 
cells have been documented 131. Soluble products 
released by lymphocytes and macrophages are potent 
regulators of various functions of vascular cells, such 
as proliferation, migration, production of colony- 
stunulating factors and expression of class II histo- 
compatibility (Ia) antigens [4-8]. The symbiotic 
relationship between leukocytes and vascular cells 
may open new avenues for therapeutic intervention 
in diseases affecting the vessel wall. It is therefore 
of interest to establish which molecules and pathways 
are involved in the two-way interaction between 
endothelial cells and l~phomononuclear cells. 
Interferon-y (IPN-y) has been shown to regulate the 
expression of Ia antigens in various cells including 
vascular endotherm IS], but the nature of the prod- 
ucts involved remains elusive. We have shown 
recently that lympokines regulate arachidonate 
metabolism in vascular cells and have identified inter- 
let&in 1 (IL-l) as the mediator of this effect [9,10), 

Here we summa~e our current unde~tanding of 
the regulation of vascular cell function, endothelial 
in particular, by molecules with IL-1 activity ill], 
emph~~ng the complexity and ambivalence of the 
responses elicited by this lympho~ne. Although this 
complexity, suggestive of a finely regulated inter- 
active network, defies any simple therapeutic 
approach, the IL-l-dependent pathway of regulation 
of endothelial cell (EC) function could offer clues 
for new pharmacological strategies. 

INDUCTION OF PXOSTACYCLIN fPGI3 SyNTIfEsIs BY U-1 

We and other groups [9,10,12,13] have shown 
recently that mononuclear cell products induce PGIr 
synthesis in EC from human umbilical vein and aortic 
smooth muscle cells. The active mediator in the 
supernatant fractions was character&d as IL-1 [lo]. 
PGIz is the major metabolite of arachidonic acid in 
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vascular cells and is a very potent vaso~lator and 
platelet-antia~regati~g agent [ 141. Modulation of 
its synthesis is a very implant therapeutic target in 
thrombotic diseases and vasospasm. We observed 
that IL-l required a relatively long interaction with 
vascular cells (> 6 hr) to increase PGIr synthesis and 
this stimulation lasted several hours [9* lo]. 

This pattern of stimulation distinguishes IL-1 from 
previously described stimulators of PGiz synthesis 
such as thrombin, arachidonic acid, or the calcium 
ionophore H23187 [15,X]. These agents induce a 
burst-like stimulation of PG12 with a peak of activity 
in about 2-3 min, rapidly declining to control values 
in the next S-10min. 

The differences among these agents in their time 
course of PGix stimulation probably reflect different 
mechanisms of action. IL-1 stimulation of PG12 in 
vascular cells does, in fact, require protein synthesis, 
being completely blocked by cycloheximide or 
emetine [lo]. In contrast, thrombin or ionophore 
A23187 activity is not modified by protein synthesis 
inhibitors. It has been shown that fast-acting PGiz 
stimuli induce phospholipase(s) activation, release 
of endogeneous arachidonic acid from membrane 
phospholipids and its further conversion to PGIz 
1171. More complex and still undefined is the mech- 
anism of action of a “slow-acting” agent such as 
IL-l. Hy~thetic~ly it might act through de now 
synthesis of the enzymes of the PGIl synthesis path- 
way (as has been shown for other slow-acting stimuli 
on other cell types (18,191) or through a slow 
increase in intracellular calcium influx. 

Whatever the mechanism of action, a lasting 
increase in PGI:, synthesis and release by vascular 
cells could have important pathophysiological impli- 
cations, This prostaglandin has a very short half- 
life in the circulation (a few minutes) 1141, and its 
biological activity depends on “how much” and for 
“how long” it can be produced by the vascular cells. 
Sustained stimulation of PGIz synthesis (as by IL-l) 
might prevent the fast disappearance of its biological 
activity. 

INDUCTION OF TISSUE PROCOAGULANT ACTIVITY @‘CA) 
IN ENDOTKEZLLU CELLS 

In normal conditions, vascular EC act to inhibit 
coagulation and thrombosis. However, it has been 
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reported that in some circumstances EC can be 
induced in vitro to express tissue factor PCA, thereby 
activating coagulation via the extrinsic pathway [ZO]. 
Bevilacqua et al. [21] showed that exposure of EC 
to IL-l leads to a marked increase of their PCA. The 
activity was expressed on the surface of intact EC, 
suggesting that it would be accessible to the plasma 
clotting system in uluo. Tissue factor activity on the 
EC surface would lead to activation of factor VII, 
then of factors IX and X, propagating a procoagulant 
pathway on the cell surface to generate thrombin 
1221. 

In contrast to PGI? stimulation, PCA elevation is 
transient and is followed by hyporesponsiveness to 
fresh IL-1 [21]. The time courses of PG12 and PCA 
expression are somehow different. When PCA starts 
to decline (after 8 hr of exposure with IL-l [21]), 
PGIz begins to increase and remains high for at least 
24 hr 19, lo]. This suggests that different activities 
may be expressed by EC at different times after IL-l 
exposure. 

~-l-~UCED INCREASE O~~~UK~YTK VISION TO 

Leukocyte adhesion to the endothelium is a key 
event in inflammation and in the pathogenesis of a 
series of vascular diseases. Polymorphonuclear leu- 
kocyte (PMN) adhesion to EC is a characteristic 
phenomenon at sites of acute inflammation, while 
monocyte interaction with EC has been observed in 
chronic inflammatory reactions [l, 231. In addition, 
under conditions of tissue ischemia [24,25] or hyper- 
cholesterolemia [26] in animals, PMNs and mono- 
cytes adhere to the EC lining of large vessels. This 
process is followed by egress of these cells from 
the vascular space, frequently associated with EC 
damage and death, This series of events has been 
indicated as an early step in the development of 
atheroschlerotic plaques [26,27]. The mechanism of 
the leukocyte-EC interaction remains to be fully 
elucidated, and the importance of EC and leukocyte 
activation in this process is still a matter of debate. 

Very recently, Bevilacqua et al. [28] reported that 
IL-1 acts directly and selectively on EC, markedly 
increasing the adhesion of PMNs, monocytes and 
the related lines HL60 and U937 to these cells. The 
effect of IL-l on leukocyte adhesion was protein 
synthesis dependent and followed the same time 
course as PCA expression, peaking at 4 hr and de- 
clining to basal level within 12 hr. IL-1 activity 
appears to be mediated by de rzouo expression of cell 
associated structures, not released in the culture 
media [28]. Preliminary data suggest that these struc- 
tures are proteins which are recognized by specific 
monoclonal antibodies able to substantially inhibit 
IL-l-induced leukocyte adhesion to EC. These mem- 
brane proteins appear to be expressed only after IL- 
1 stimulation of EC and not in unstimulated EC 
or in other vascular cell types. In addition, they 
specifically mediate leukocyte but not platelet or 
erythrocyte adhesion to these cells [28J. 

* M. Gramse, F. Breviario, G. Pintucci, E. Dejara, M. 
B. Donati and L. Mussoni, manuscript in preparation. 

OTHER EFFECTS OF IL-1 ON THE ENDOTHELIUM 

We have shown recently [29] that IL-l increases 
“platelet activating factor” (PAF, 1-O-alkyl-Zncetyl- 
su-glycero-3-phosphocholine) production by EC. 
This phospholipid is a potent mediator of inflam- 
mation and cell-to-cell interactions (see Ref. 30 for 
review). It causes activation of platelets, neutrophils 
and monocytes and in uivo induces broncho-con- 
striction and vasospasm and increases vascular per- 
meability. IL-l stimulation of EC induces a marked 
increase in cell-associated PAF with a small release 
of this material in the culture medium [29]. Like 
other activities mediated by IL-l, PAF synthesis by 
EC required a long interaction with the cells (> 2 hr), 
lasted for several hours, and was inhibited by protein 
synthesis inhibitors. In contrast, all the other stimuli 
of PAF production in EC are rapid, their effects last 
for only a few minutes, and they do not require 
protein synthesis to be active [31,32]. 

The biological role of the IL-1 mediated EC 
expression of PAF remains to be characterized. The 
range of biolo~cally active PAF concentrations is 
very close to those reached in EC after IL-1 stimu- 
lation [29]. In addition, the lasting effect of IL-l 
could counteract the short biological half-life of this 
substance irr uivo. 

It has been observed* that IL-l induced a marked 
increase of plasminogen activator inhibitor in EC. 
These cells can synthesize different forms of plas- 
minogen activator(s) and inhibitor(s) 1331. 

Plasminogen activator(s) mediates conversion of 
plasminogen to plasmin which then is responsible for 
dissolution of thrombi and clearance of fibrin. The 
final fibrinolytic activity of EC is determined by the 
balance between the plasminogen activator(s) and 
inhibitor(s) activities they produce. An increase in 
plasminogen activator inhibitor such as that induced 
by IL-l might reduce the ability of EC to lyse intra- 
vascular thrombi and therefore limit their anti- 
thrombotic properties. 

Preliminary data also show that IL-1 can stimulate 
EC release of von Willebrand factor from preformed 
stores [34]. This protein is known to be elevated in 
plasma during the acute response phase in inflam- 
matory reactions ]35]. Direct stimulation by IL-1 of 
von Willebrand factor release by EC might be the 
mechanism of this phenomenon. 

Also worth noting is a recent report that IL-l, 
acting syner~stically with y-inte~eron, induces 
dramatic changes in EC shape am! cytoskeletal 
organization and stimulate the synthesis of highly 
structured extracellular matrix [36,377. IL-l does 
not seem to induce an increase in EC proliferation 
[381. 

IMPLICATIONS OF IL.&INDUCED MODIFICATIONS OF EC 
FUNCTIONS 

As summarized in Table 1, IL-l induces a wide 
range of biological activities in EC. One important 
observation is that all of them have been seen in 
cultured EC in vitro, but the biological relevance of 
these modifications ii-z viuo has still to be established. 
Several naturally occurring polypeptide inhibitors of 
IL-l activity have been found in plasma and urine 
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Table 1. IL-1 activities on endo~eli~ cetis 

Stimulation of: 
Prostacyclin 
Tissue procoagulant activity 
Plasminogen activator inhibitor 
Platelet-a~vating factor 

adhesion. This might lead to increased reactivity of 
the vessel wall to thrombus formation. The sub- 
sequent increase in PC& release by EC may later 
counterbalance this condition by inhibiting platelet 
aggregation and thrombus formation. 

von WilIebrand factor release 

Changes in 
Shape 
Matrix composition 

Increase in adhesion of: 
Polymorphonuclear leukocytes 
Monocytes 
Related leukocyte cell lines 

[3Ml], suggesting that these substances may sys- 
temically counterbalance the biological activity of 
IL-l. However, EC are able to synthesize IL-1 after 
stimulation with LPS or thrombin [22]. This released 
IL-l might then act “locally” by an autocrine mech- 
anism on the endothelium and could possibly avoid 
inactivation by plasma inhibitors. 

An important pha~a~Io~~ target could there- 
fore be the selective modulation of IL-l-induced 
EC modifications. IL-l is a family of polypeptides, 
biochemically heterogeneous with some common 
biological properties [ll]. At least two dissimilar 
gene products have been cloned with limited hom- 
ology [42-44] (deno~nated (Y and 13) 1441. These 
molecules, though biochemically different, share 
common activities in different systems. Preliminary 
results with EC, collected by our group, indicate that 
the two mtiecules elicit different responses. IL-l-# 
can stimulate PAF synthesis without affecting PGIz 
production, whereas IL-l-/3 stimulates PGIz but not 
PAF. 

These preliminary results support the possibility 
of selective stimulation or inhibition of IL-l-induced 
EC activities. 

IL-1 IN INTERACTIONS INVOLVING ENDOTHELIUM 

Another important consideration is that, in the 
past, endothelium has always been considered to 

Available information strongly suggests that IL-l 

play a passive role in hemostatic and inflammatory 
can dramatically influence a variety of vessel wall 

phenomena. Recent observations, however, suggest 
functions and that it plays a major role in leukocyte- 

that EC participate actively in the responses of the 
EC cell interactions, A diagramatic representation of 

inflammatory and coagulation system. Immuno- 
the possible role of IL-l in the interactions between 
blood vessels and immunocompetent cells or tissues 

logical processes in vim are often associated with 
local or disseminated intravascular coagulation and 

is presented in Fig. 1. Besides responding to IL-l, 

decrease in ~b~nol~c activity. The observed stimu- 
endothelial cells have also been reported to produce 

lation by IL-1 of EC-procoagulant activity and of 
it 1221. Hence, one might speculate that IL-1 may 

plasminogen activator inhibitor suggests that EC may 
well be the “endogenous” mediator responsible for 

play an important role in these processes. In general, 
at least some of the effects of agents such as endo- 

it was always assumed that EC was a “non-throm- 
toxin on vascular cells. The IL-l-producing capacity 

bogenic surface”, not reactive to platelets, leu- 
of EC, together with the expression of Ia antigens [S], 

kocytes or the ~a~lation system. The IL-1 inter- 
could integrate these cells in immunological circuits, 

action with EC appears dramatically to change these 
and EC do, in fact, have the potential to act as 

constitutive properties. After IL-1 stimulation, EC 
antigen presenting cells [45]. The immune response, 

can promote coagulation, synthesize and expose 
once activated with the cooperation of vascular endo- 
thelium, would lead to release of IL-l from mono- 

PAF which is a potent activator of platelets and 
leukocytes, and become reactive to leukocyte 

cytes, natural killer (NK) [46,47] cells and B-cells 
[48] acting, in turn, on vessel wall function. 

STIMULI 

PONOCYTES 

VASCULAR 

RESPONSES 

Fig. 1. Hypothetical central role of IL-1 in ~~u~~tion between endo~e~~ and lewocytes or 
tissues. Endotheiial cells can act as accessory cells (expression of Ia and production of IL-l) and initiate 
immune responses. These, in turn, via leukocyte IL-1 and interferon-y, can influence EC functions. 
More in general, IL-1 could serve as a communication signal between vessel walls and extravascular 

tissues. 
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Cell types of various origins, including epithelial, 
mesenchymal and central nervous system cells, have 
the potential to secrete IL-1 [ll, 3.51. This mediator 
class is characterized by its pleiotropic effect, its 
targets including liver, central nervous system, syn- 
ovia, bone and muscle [ll, 351. IL-1 may therefore 
serve as a common communication signal in the 
interactions between blood vessels and surrounding 
tissues (Fig. 1). In this view, IL-1 molecules would 
play a pivotal role in signaling between vessel walls 
and tissues. 

CONCLUDING REMARKS 

Published observations and work in progress 
summarized here show that molecules with IL-1 
activity profoundly alter the functional status of EC, 
affecting the production of PGIr, PAF, PCA and 
PAI. IL-1 has been shown to affect the expression 
of adhesive molecules on vascular endothelium [28]. 
Since vessel walls are involved in such a variety 
of pathological processes, the novel IL-l-mediated 
pathway of regulation of vascular function merits 
careful scrutiny. For instance, considerable efforts 
have been made to selectively alter arachidonate 
metabolism in platelets and vascular cells as an 
approach to the prevention of thrombosis; IL-l- 
induced synthesis of PGI,! could provide a new target 
for pharmacological effects in this area. 

Molecules with IL-l activity are biochemically 
heterogeneous and different genes with limited 
homology have been shown to encode for molecules 
with IL-l activity (see Ref. 11 for review). IL-l has 
pleiotropic effects and elicits a range of responses in 
different systems [35]. 

Although previous attempts to relate different 
molecular species to the diverse effects of IL-1 have 
failed [49], preliminary analysis using recombinant 
IL-1 has revealed that different molecules with IL-1 
activity elicit a range of distinct responses in vascular 
endothelium. These preliminary observations indi- 
cate that the IL-1 pathway of regulation of vascular 
function is amenable to selective modulation and 
should provide the impetus for pharmacological 
research in this area. 
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