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lnterleukin- 11 tumour necrosis 
factor and treatment of the 

septic shock syndrome 
CHARLES A DINARELLO 

CA DINARELLO. Interleukin-1, tumour necrosis factor and treatment of the septic shock syndrome. 
Can J Infect Dis 1992;3(Suppl B):llB-198. Treating the septic shock syndrome with antibodies that 
block only endotoxin has its limitations. Other targets for treating septic shock include neutralizing 
antibodies to the complement fragment C5a, platelet activating factor antagonists and blockade of 
endothelial cell leukocyte adhesion molecules. Specific blockade of the pro-inflammatory cytokines 
interleukin-1 (IL-l) or tumour necrosis faclor (TNF) reduces the morbidity and mortality associated with 
septic shock. Moreover, blocking IL-l and TNF likely has uses in treating diseases other than septic shock. 
Use of neutralizing antibodies to TNF or IL-l receptors has reduced the consequences of infection and 
inflammation, including lethal outcomes in animal models. The IL-l receptor antagonist, a naturally 
occurring cytokine. blocks shock and death due to Escherichia coli as well as ameliorates a variety of 
inflammatory diseases. Soluble TNF and IL-l surface receptors. which bind their respective cytokines. also 
ameliorate disease processes. Clinicall.Iials are presently evaluating the safety and efficacy of anticytokine 
therapies either alone or in combination. 
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L'interleukine-1, le facteur de necrose tumorale, et le traitement du choc septique 

RESUME: Le traitement du syndrome du choc septique qui consiste a administrer des anticorps qui ne 
bloquent que les endotoxines a ses limites. D'autres possibilites de traitement incluent les anticorps 
ncutralisants du fragment C5a du complement. les antagonistes du facleur d'activation des plaquettes et 
le blocage des molecules d'adherence des leucocytes aux cellules endotheliales. Le blocage specifique de Ia 
cytokinc pro-inflammatoire interleukine-1 (IL- l) ou du facteur de necrose des tumorale (TNF) reduit Ia 
morbidite et Ia mortalite associees au choc septique. De plus, le blocage de l'IL-1 et du TNF peut 
probablement servir a trailer d'autres affections que Je choc septique. Le recours aux anticorps 
neutralisants du TNF ou des recepteurs de !'IL-l a reduil les consequences de !'infection el de 
!'inflammation, dont Ia letalite dans les modeles animaux. L'antagoniste du recepleur de I'lL-I. une cytokine 
secretee naturellement, bloque le choc et les deces causes par Escherichia coli et sert aussi a trailer une 
variete de maladies inllammatoires. Le TNF soluble et Jes recepteurs de surface de !'IL-l. qui se lient a leurs 
cytokines respectives. ameliorenl aussi les processus pathologiques. Des essais cliniques evaluent 
presenlement l'innocuite et J'efficacite des trailemenls par Jes anti-cytokines utilisees soil seules soil en 
association. 
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CYTOKINES ARE SMALL PROTEINS WIT! I MOLECUlAR WEIGHTS 

between 8000 and 30,000 Daltons. Each cytokine 
has a distinct amino acid sequence and cell surface 
receptors. They are produced by a variety of cell types 
and act on nearly every tissue and organ system. The 
names that have been given to the various cytokines 
have nol followed a logical system but. rather have been 
assigned according t.o biological property. For example, 
int.erleukin (IL)-1 and IL-2 were named 'interleukins' 
because, during the early years of cytokine research, 
both molecules were shown to activate lymphocytes. 
Today, as research on these molecules has greatly 
expanded, it has been recognized that the major effect 
of IL-2 is to activate lymphocytes, but the primary 
biological effect of IL-l is the induction of fever, inflam
mation and hemodynamic shock. In fact, the biological 
effects of IL-l are more closely related to the cytokine 
tumour necrosis factor (TNF). Although TNF does bring 
about necrosis in some tumours, its primary biological 
activities include endothelial cell activation, shock and 
death. IL-l and TNF are the primary pro-inflammatory 
cytokines; moreover, these two cytokines act in a syner
gistic fashion in inducing inflammation, shock and 
death. 

During infection, particularly bacterial infection, the 
genes for nearly all the cytokines are expressed. Some 
cytokines contribute t.o the demise of the host whereas 
others appear to be protective. One must. be cautious 
with such a strict. classification because whether a 
cytokine is harmful or beneficial t.o the host is depend
ent on the dose and time of administration. Neverthe
less, the predominant. biological effects of some cyto-

TABLE 1 
Properties of pro- and anti-inflammatory cytokines 

Pro-inflammatory cytokines Effects 
lnterleukin-1 (IL-l)/ Hypotension; shock-like state; 

Tumour necrosis factor endothelial activation; 
(TN F) cyclooxygenase gene 

expression; induction of 
IL-8/IL-9/macrophage 

IL-8/NAP-1 /MIP 

Granulocyte macrophage 
colony stimulating factor 
(GM-CSF) 

M-CSF 

Anti-inflammatory cytokines 
Transforming growth 

factor-beta/IL-4/IL-6 

IL-10 
IL-lra 
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inflammatory proteins (MIP) 

Neutrophil. monocyte. 
lymphocyte chemotaxis; 
activation of neutrophil 
function; phagocyte enzyme 
release 

Induction of TNF/IL-1; 
activation of neutrophils 

Activation of monocyte 
inflammatory function; 
induction of IL-l /TNF 

Blocks transcription of 
endotoxin-induced IL-l /TNF 

Blocks production on IL-l /TNF 

Blocks bindi~f IL-l 

kines, particularly when injected into humans, allow 
them to be grouped as being primarily pro- or anti-in
flammatory molecules (Table 1). 

IL-l and TNF share many pro-inflammatory proper
ties and act synergistically. Combination of TNF and 
IL-l can produce lethal shock in experimental animals. 
Part. of the pro-inflammatory nature of IL-l and TNF is 
through their ability to induce gene expression for other 
pro-inflan1mat.ory cytokines, most notably the family of 
neutrophil and monocyte chemotactic cytokines, name
ly IL-8, neutrophil activating protein-!, IL-9 and macro
phage inflammatory proteins (MIP) (1). These cytokines 
stimulate neutrophil migration and degranulation in 
vivo. Granulocyte macrophage colony stimulating fac
tor (GM-CSF) and macrophage CSF (M-CSF) are pri
marily bone marrow stimulants but. they also activate 
neutrophils and macrophages, and induce TNF produc
tion, and hence can be considered to possess a pro-in
flammatory component.. 

IL-4 and IL-6, which are primarily B cell stimulants, 
reduce endotoxin-induced IL-l and TNF production 
and hence can be considered anti-inflammatory. IL-6 is 
also an inducer of hepatic acute phase protein syn
thesis. Hepatic acute phase proteins bind lipids, bind 
several cytokines, are oxygen radical scavengers and 
possess anti-protease activity. Transforming growth 
factor-beta (TGF-~) is an immunosuppressive cytokinc 
and a potent inhibitor of IL-l and TNF gene expression. 
IL-10, a cytokine which structurally is related to 
Epstein-Barr virus protein, suppresses lymphocyte 
function but. also reduces gene expression for IL-l. The 
IL-l receptor antagonist. (IL-l ra), which structurally is 
related to IL-l, blocks the activity of IL-l by occupying 
the IL-l cell surface receptors but. does not. exhibit 
agonist activity. 

BIOLOGICAL PROPERTIES 
IL-l was originally described as endogenous pyrogen 

(EP) (2); purified EP was very potent. and produced fever 
at dosages of 25 to 50 ng/kg (3,4). EP did more than 
cause fever; it decreased plasma iron and zinc levels, 
produced neutrophilia, induced the appearance of a 
colony stimulating activity, and triggered the synthesis 
of hepatic amyloid A protein. It. was subsequently dem
onstrated that EP augmented T lymphocyte responses 
to mitogens and hence 'lymphocyte activating factor' 
appeared to be another property of the EP molecule (5). 
The ability of a macrophage product to act. as 'lym
phocyte activating factor' resulted in the name int.er
leukin. 

Other substances originally described for their bio
logical activities have been identified as IL-l. These are 
leukocytic endogenous mediator (6, 7), mononuclear 
cell factor (8). cat.abolin (9). osteoclast activating factor 
(l 0), hemopoietin-! (11). lymphocyte proliferation pro
moting factor of neutrophils (12). melanoma growili 
inhibition factor (13) and tumour inhibitory fact.or-2 
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( 14). There are two stiucturally related forms of IL-l: 
IL-la and IL-l~. There are also two structurally related 
forms ofTNF: TN Fa and TNF~. Each form of the respec
tive cytokine recognizes the same cell surface receptors 
and triggers the same biological responses. 

Considerable interest has focused on IL-l and TNF 
as mediators of disease and in the production of sys
temic 'acute-phase' responses . A single injection of 10 
to 100 ng/kg of either IL-l form into experimental 
animals results in fever, neutrophilia, increased circu
lating levels of colony stimulating factors, IL-6, hypo
zincemia, hypoferremia, increased hepatic acute-phase 
proteins synthesis, decreased albumin, anorexia, sleep, 
adrenocorticotropic hormone (ACfH) release and other 
manifestations of the response. At higher doses (5 
11g/kg), IL-l induces hypotension and leukopenia. 
Recent phase 1 clinical trials of IL-l have confrrmed the 
animal studies. The intravenous injection of l to 10 
ng/kg of either IL-la or IL-l~ induces fever (15,16). 
Higher doses of 100 ng to l Jlg/kg have resulted in 
moderate to severe hypotension ( 16). 

The intravenous injection of TNF into laboratory 
animals induces fever, leukopenia, increased circulat
ing levels of colony stimulating factors, IL-6, hypozin
cemia, hypoferremia, increased hepatic acute-phase 
proteins synthesis, decreased albumin, anorexia, sleep, 
capillary leak, tissue damage, acidosis, hypotension 
and death. Although both IL-l and TNF induce circulat
ing CSFs, IL-l appears to be a true bone marrow 
stimulant whereas TNF suppresses hematopoiesis. 
However, both IL- l and TNF depress erythropoiesis. 

The biological changes induced by the combination 
of these two cytokines are particularly impressive. 
Nearly all the responses to either IL- l or TNF can be 
enhanced when the two cytokines are administered 
together. For example, TNF and IL- l act synergistically 
in producing hemodynamic shock, leukopenia, lung 
hemorrhage and the 'acute respiratory distress syn
drome'. The ability of IL-l and TNF to induce the 
synthesis of endothelial adhesion molecules and the 
production of the neutrophil/monocyte chemotactic 
peptide family (IL-8/NAP-1 [neutrophil activating 
protein-1] MIP) likely plays a critical role in the patho
genesis of lung damage and inflammation due to neu
trophils ( 17 -19). IL-6, similar to IL-l and TNF, causes 
fever and increases hepatic acute phase proteins syn
thesis, but unlike IL-l and TNF. there does not seem to 
be a role for lL-6 in inducing inflammation or shock. 
Table 2 depicts the comparison between the biological 
activities of IL- l, TNF and IL-6. 

There are no clear explanations for the synergistic 
action of IL- l and TNF. These two cytokines have their 
own distinct receptors. Although the precise nature of 
IL-l- orTNF-induced signal transduction remains con
troversial, the most consistent biological property of 
lL-1 and TNF in mediating disease appears to be the 
induction of or increase in gene expression for a unique 
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TABLE 2 
Comparison of interleukin- 1, tumour necrosis factor and 
interleukin-6 

IL-1 TNF IL-6 

+ + + 
Slow wave sleep + + 
Hepatic acute-phase proteins + + + 
T cell activation + + + 
B cell activation + + + 
B cell immunoglobin synthesis + 
Fibroblast proliferation + + 
Stem cell activation (hemopoietin- l) + + 
Nonspecific resistance to infection + + + 
Radioprotection + + 
Cyclooxygenase, PLA2 gene 

expression + + 
Synovial cell activation + + 
Endothelial cell activation + + 
Shock syndrome + + 
Induction of IL -1, TNF and IL-8 + + 
Induction of IL-6 + + 

IL lnterleukin;TNF Tumour necrosis factor 

constellation of proteins which mediate acute inflam
mation. IL- l and TNF also suppress the expression of 
several 'household' proteins. It appears that there is an 
attempt to reduce the production of the cell's usual 
homeostasis proteins and shift its resources into the 
synthesis of proteins which enhance the ability to fight 
the invading organism. Whereas these responses to 
IL-l and TNF are appropriate for the host to survive, 
there is a fme line between the beneficial aspect of this 
response and its cost to the host. Clearly, as the 
amount of IL-l and TNF increase, the chances for a 
detrimental response increase. Opposing the action of 
detrimentals levels of IL-l and TNF form the basis of 
using anticytokine strategies in treating the septic 
shock syndrome. 

IL-1 AND TNF-INDUCED GENE EXPRESSION 
IL-l and TNF induce the expression of a wide variety 

of genes, many of which code for cytokines. For ex
ample, IL-l induces itself, IL-6 and TNF induce them
selves as well as IL-l. The cytokine auto-induction cycle 
likely contributes to the synergistic effects of IL-l and 
TNF. IL-l and TNF induce the endothelial leukocyte 
adhesion molecules which play a major role in mediat
ing the septic shock syndrome as well as several inflam
matory diseases. In other situations IL-l and TNF 
increase gene expression by stabilization and prolonga
tion of mRNA half-life. IL-l and TNF stimulate new 
transcripts for several proto-oncogenes. IL-l and TNF 
suppress the transcription of constitutive genes, for 
example, albumin, cytochrome P450, lipoprotein lipase 
and aromatase. IL-l reduces the surface expression of 
its own type I receptor by accelerated mRNA degrada
tion (20). IL-l inhibits gene expression for thyroglobulin 
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TABLE 3 
Effects of interleukin-1 and tumour necrosis factor on 
gene expression 

Genes increased 
lnterleukin (IL)-1 , tumour necrosis factor, IL-6, interferon-beta-1 
IL-8. IL-9, macrophage inflammatory proteins 
Granulocyte-macrophage (GM) colony stimulating factor 

(CSF), G-CSF, M-CSF 
Collagenoses and stromelysin 
Amyloid-A and -beta proteins 
Metallothionein, ceruloplasmin 
Complement (C) , C2, factor B 
Manganese superoxide dismutase 
Cyclooxygenase, phospholipase A2 
Platelet-derived growth factor (AA) 
Nerve growth factor 
Adhesion molecules 
Oncogenes (c-fos, c-myc, c-jun) 
Tissue and urinary plasminogen activator 
Plasminogen activator inhibitor 
Corticotropin releasing factor 
Pro-opiomelanocortin 

Genes decreased 
Albumin 
Cytochrome P450 
Lipoprotein lipase 
Aromatase 
Aldosterone 
Thyroglobulin 
Preproinsulin 

and thyroid peroxidase. In isolated rat adrenal glomer
ulosa cells stimulated with angiotensin-ll, aldosterone 
biosynthesis is reduced by femlomolar concentrations 
of IL-l, probably by reduced mRNA transcripts. Table 3 
summarizes the effect of IL- l on gene expression. 

VASCULAR EFFECTS 
The systemic effects of high dosages (more than l 

f.!g/kg) of intravenous IL-l or TNF into animals includes 
hypotension, decreased systemic vascular resistance, 
depressed myocardial function, lactic acidosis, leuko
penia, thrombocytopenia, vascular leak, pulmonary 
congestion and tissue neutrophilic infiltration with 
necrosis. The hypotensive effects of intravenously 
administered IL-l in humans has been observed at 
dosages below l f.!g/kg and hypotension is the major 
clinical response for limiting the maximal dosage tol
erated to 300 ng/kg (16). A nearly identical dose 
response for TNF in humans has been observed. The 
shock-like state which is observed in humans treated 
with high dose IL-2 likely is mediated via the inter
mediate production of IL-l and TNF (21). The hypoten
sive effect of IL- l and TNF may be via various 
mechanisms, one of which appears to result from cyclo
oxygenase products, and IL- l and TNF act synergisti
cally in increasing prostaglandin E (PGE) in a variety of 
cells. The hypotension following an IL- l /TNF injection 
into rabbits is blocked by cyclooxygenase inhibitors 
(18). Arterial perfusion with IL-l increases prostanoid 
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synthesis which lowers the pain threshold to brady
kinin (22). TNF potentiates these effects of IL-l. IL- l 
inhibits vascular smooth muscle contraction indepen
dently of prostaglandin synthesis. The inhibition of 
smooth muscle contraction by IL- l appears to be due 
to an L-arginine-dependent increase in nitric oxide pro
duction leading lo increased guanylate cyclase activity 
(23,24) . 

Cultured endothelial cells exposed to IL-l or TNF or a 
combination increase the expression of adhesion mole
cules which leads to the adherence of leukocytes to 
endothelial surfaces (25,26). The mechanism for tissue 
neutrophil infiltration primarily is dependent on the 
induction of the adhesion molecules rather than activa
tion of neutrophil. For example. tissue damage due to 
endotoxin can be reduced by passive immunization 
with antibodies which block the adhesion molecules. 

IL- l - and TNF-treated endothelial cells also increase 
procoagulant activity, tissue factor , PGE2. PGh. plate
let activating factor (PAF) , plasminogen activator in
hibitor production (27,28), enhancement of thrombin
induced von Willebrand's factor and synthesis of other 
cytokines including IL- l (29). IL- l and TNF also in
crease smooth muscle cell synthesis of themselves (30) , 
other cytokines and platelet-derived growth factor (31) . 
These effects of IL- l and TNF are thought to play a role 
in the development of atherosclerosis and in vasculitis (32) . 

IL-1 AND TNF PRODUCTION DURING DISEASE 
In humans with infections, endotoxemia, trauma. 

bums, acute bouts of rheumatoid arthritis, or undergo
ing organ transplant rejection , levels of IL- l and TNF 
are elevated (33,34). In patients with sepsis. the levels 
of TNF in the circulation increase proportionally with 
the degree of severity of hypotension and organ failure 
(33). However, circulating levels of IL- l and TNF may be 
only transiently elevated and hence a single measure
ment may not reflect the amount of production of these 
cytokines. IL-6 levels are also elevated in these patients 
and correlate with the degree of disease severity. Mea
surement of IL-6 concentrations in the circulation can 
be a better indicator of the amount of IL-l and TNF 
produced than measurement of the actual levels oflL-1 
and TNF. In some experimental models. the amount of 
IL-6 appears to be under the control of IL- l and TNF 
(35,36). 

In animal models of shock and Gram-negative sep
sis, TNF levels rise rapidly after the injection of bacteria 
or endotoxin, reach peak levels at 60 lo 90 mins and 
then decrease; IL- l levels rise slowly and reach peak 
elevation at 180 mins. Similar kinetics have been ob
served in human subjects injected with endotoxin 
(33,34). In rabbits, the amount of IL- l and TNF which 
circulates correlates with the degree of hypotension 
(37). Furthermore, complement activation, induction of 
IL- l and TNF, shock and organ damage lake place in 
U1e absence of endotoxemia (37). In fact. IL- l and TNF 
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are produced during Gram-positive sepsis, and plasma 
levels of lliese cytokines often correlate with the degree 
of hypotension even in the absence of staphylococcal 
exoloxins. These experiments support the concept lliat 
the production of IL-l and TNF is llie common denom
inator lo llie development of shock rather than the 
presence of lipopolysaccharide (LPS) endotoxins or var
ious exotoxins. Thus, blocking IL-l and TNF would be 
indicated therapeutically in shock due to Gram-nega
tive, Gram-positive and fungal organisms as well as 
shock due to viral or parasitic infections. 

CONTROLLING THE SYNTHESIS OF IL- 1 AND TNF 
Although the focus of anticytokine strategies in 

treating septic shock is specific for each cytokine, 
reducing the synlliesis of either IL-l or TNF, albeit 
nonspecific, reduces llie biological responses to bac
terial challenge or inflammation. A critical aspect of 
understanding IL-l and TNF gene expression in a var
iety of cells is the exquisite sensitivity to endotoxins. 
This is particularly llie case with human blood mono
cyles which synthesize IL-l and TNF when stimulated 
by 10 to 20 pg/mL of endotoxin. In the strict absence 
of endotoxin, IL-l and TNF gene expression occurs 
without translation into protein (38). Cells containing 
untranslated IL-l or TNF mRNA are 'primed' and small 
amounts of other stimuli (endotoxin) rapidly trigger 
translation and usually result in more IL-l and TNF 
synthesis than nonprimed cells. Another stimulus, 
heat-killed Staphylococcus epidennidis, primarily deliv
ers a translational signal (38). 

Blocking cyclooxygenase or histamine type-2 recep
tors can increase endotoxin-induced synthesis of IL-l 
and TNF (particularly TNF) (39-42). Cyclooxygenase 
inhibitors and histamine type-2 receptor antagonists 
block the negative signal of cytokine synthesis provided 
by prostaglandins and histamine. IL-l and TNF trans
cription is suppressed by IL-4 (43). IL-6 (44). and TGFI3 
(45). The recently described cytokine IL-l 0, a product 
ofT helper-! cells, suppresses the transcription of IL-4 
and IL-5 (46). but also suppresses LPS-induced IL-l 
synthesis. On llie oilier hand, interferon- gamma (IFNy) 
augments transcription and the amount of IL-l syn
thesized following endotoxin or TNF stimulation (47, 
48). 

Corticosteroids suppress IL-l transcription and syn
thesis when added before initiation of transcription but 
are less effective when added after transcription . There
fore, there is limited use of corticosteroids in blocking 
the synthesis of IL- I and TNF once their genes are 
expressed. Agents that block the lipoxygenase pathway 
of arachidonate metabolism reduce IL-l and TNF syn
thesis; however, this reduction is not via the 5-lipoxy
genase palliway (49) but rallier llirough 13-lipoxy
genase (50). Dietary supplementation with eicosapen
taenoic (oo-3) fatty acid resulted in a 70% reduction in 
ex vivo IL-l and TNF synthesis (51,52). 
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Anti-TNF antibodies: Neutralizing antibodies to mur
ine or human TNF protect mice, rabbits and primates 
against death from endotoxemia or Escherichia coli 
sepsis, respectively (53-55). These experiments were the 
first to demonstrate that cytokine blockade was a poten
tial strategy for the septic shock syndrome. The levels 
of IL-l and IL-6 which circulate following the injection 
of E coli into baboons is reduced markedly when animals 
are pretreated with anti-TNF antibodies (36) suggesting 
that TNF is providing a significant stimulus for IL-l and 
IL-6 synthesis. Antibodies to IL-l have not been tested 
in these models. However, neutralizing antibodies to the 
murine IL-l receptor type I (IL-lRI) found on en
dothelial, hepatic and T cells block a variety of endotoxin 
and inflammation related responses such as protection 
from lethal radiation, anorexia and death (35,56). 
Naturally occurring inhibitors of IL-l activity: Lipo
proteins, lipids and a-2 macroglobulin are examples of 
naturally occurring substances which inhibit IL-l ac
tivity but lliese molecules also inhibit other cytokines, 
such as IL-6 and IL-2. There are polypeptides which 
specifically inhibit IL-l; these have been detected in the 
serum of humans injected with bacterial endotoxin (57). 
urine of febrile patients (58), plasma following hemo
dialysis (59), supematants of human monocytes adher
ing to IgG coated surfaces (60) and urine of patients with 
monocytic leukemia (61). IL-l specific inhibitory 
molecules of 52 to 66 kDa secreted from a human 
myelomonocytic cell line (62) and the mouse macro
phage cell line, P388D (63), have also been reported. The 
IL-l receptor antagonist was originally called 'IL-l 
inhibitor' (61,64); it was a 23 to 25 kDa protein purified 
from the urine of patients with monocytic leukemia 
(61,64,65). Natural IL-l inhibitor blocked the ability of 
IL-l to stimulate synovial cell PGE2 production, thymo
cyte proliferation and decreased insulin release from 
isolated pancreatic islets (61,64,66, 67). It is unclear 
whether similar IL-l-specific inhibitory activities found 
in serum during endotoxemia (57). in the urine of 
patients with fever (58) or secreted from myelomono
cytic cell lines (62) share identity with the IL-lra. IL-l 
inhibitor blocked the binding of IL-l to receptors on T 
cells and fibroblasts but did not affect the binding of 
TNF or IL-2 to their receptors (64,67). IL-l inhibitor also 
did not bind to IL-l itself unlike TNF inhibitors which 
were also isolated from the urine (68). Thus, IL-l in
hibitor was a competitive inhibitor of IL-l /IL-l receptor 
interaction. 

Using IL-l inhibitor purified from adherent mono
cytes (60,69), the molecule was cloned (70,71). The 
eDNA sequence codes for a polypeptide of approximate
ly 17 kDa with a 26% amino acid homology to IL-l~ and 
a 19% homology to IL-la. Conserved amino acids (72) 
revealed a 41% homology ofiL-lra to IL-l~ and 30% to 
IL-l a. 

Similar to naturally occurring IL-l urinary inhibitor 
(64), the recombinant IL-l inhibitor competes with the 
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TABLE 4 
Reduction in severity of various disease models by 
specific cytokine antagonism 

Anti-tumour necrosis factor (TNF) antibodies 
Death in mice from endotoxin shock 
Hemodynamic shock in baboons from Escherichia coli 
Hemodynamic shock in rabbits from endotoxin 

Soluble TNF receptors 
Death in mice from endotoxin shock 

lnterleukin (IL)-1 receptor antagonist 
Death in mice and rabbits from endotoxin 
Death in rabbits from E coli 
Hemodynamic shock in rabbits and baboons from E coli 
Rat adjuvant arthritis 
Inflammatory bowel disease in rabbits 
Proliferation of acute myeloblastic leukemia cells 
Proliferation of chronic myelogenous leukemia cells 

Anti-IL-l receptor antibodies 
Anorexia in mice with turpentine inflammation 
Inflammation-induced amyloid P and IL-6 1evels 
Lipopolysaccharide-induced radioprotection 

Soluble IL-l receptor (type I) 
Rejection of heart allografts in mice 
Lymph node swelling during rejection 

binding of IL-l to its cell surface receptors. Because of 
its sequence homology and mode of activity, IL-l in
hibitor was renamed 'IL-l receptor antagonist' (IL-l ra). 
The IL-lra blocks IL-l activity in vitro and in vivo. In 
vitro, the IL-lra appears to occupy the IL-lRtl on T cells 
and fibroblasts with nearly the same affinity as that for 
bone fide IL-l but without demonstrable agonist ac
tivity (69). Human IL-lra also blocks the binding of IL-l 
to human cells bearing IL-lRtll such as neutrophils 
and B cells (73) as well as human peripheral myelo
monocytic leukemia cells (74). Using murine T cells 
(IL-lRtl), human IL-lra blocks the binding of IL-l at 
nearly equimolar concentration; however, a 10- to 50-
fold molar excess of IL-l ra is required to block the 
binding of human IL- I to human type II receptor bear
ing cells (73). 

It is not surprising that recombinant lL-lra will 
block the activity of IL-l in various animal models of 
disease. Rabbits (75) or baboons (personal communica
tion) injected with IL-l develop hypotension which is 
reversed by prior administration of the IL-lra. However. 
a larger question remains: during acute or chronic 
disease several cytokines are produced but what is the 
effect of specific blockade of IL-l? 

EFFECT OF IL-lra ON SEPTIC SHOCK 
The administration of IL-lra prevents death in rab

bits from LPS shock (75). Intravenous injection of E coli 

to rabbits produces several manifestations of the septic 
shock syndrome, namely hypotension, decreased syste
mic vascular resistance, leukopenia, thrombocytopenia 
and tissue damage. When rabbits were pretreated with 
the IL-lra, only a transient and mild hypotensive epi-
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sode was observed whereas severe and sustained hypo
tension with a 50% mortality was observed in control 
rabbits (76). There were also reduced numbers of tis
sue-infiltrating neutrophils. In these studies the cir
culating levels of TNF and IL-l~ were unchanged. The 
interpretation of these results suggests that TNF may 
be responsible for the initial fall in blood pressure but 
that IL-l is playing an essential role 'in the progression 
of the shock state. Human IL-lra also prevents lethal 
Klebsiella pneumoniae sepsis in newbom rats (77) and 
E coli-induced hypotension in baboons (personal com
munication). 
Other effects of the IL-lra: Data support a role for IL-l 
in the pathogenesis of colitis; rabbits injected with 
soluble immune complexes develop tissue inflammatory 
cell inilltration, edema and necrosis of the lower colon. 
However, when treated with the IL-lra, a marked de
crease in infiltrating neutrophils was observed (78). In 
addition, decreased PGE2 was measured in the rectal 
lumen despite the fact that IL-l tissue levels were 
unchanged (79). Together, these data demonstrate that 
blockade of IL-l prevents the onset and development of 
the inflammatory lesion in this model of immune com
plex-induced colitis. 

An autocrine role for IL-l has been proposed in 

leukemia in which IL-l production by leukemic blasts 
is uncontrolled and results in production of CSFs. The 
CSFs, in tum, drive proliferation of the cells. Antibodies 
to human IL-l~ reduce the spontaneous proliferation 
and colony stimulating activity production of juvenile
type chronic granulocytic (80) and acute myelogenous 
leukemia cells (81). Recent studies have shown that 
IL-lra blocks the spontaneous proliferation as well as 
spontaneous production of GM-CSF, IL-l and IL-6 in 

peripheral blood- or bone marrow-derived acute myelo
genous leukemia cells from over 25 patients (74). When 
IL-lra was removed after a 48 h exposure, the leukemic 
cells showed evidence of death during a subsequent 72 
h incubation. 

IL-lra blocks IL-l-induced thymocyte proliferation 
as well as IL-l-induced synovial cell PGE2 synthesis 
and collagenase synthesis from chondrocytes (82). A 
100-fold molar excess of IL-lra to IL-l is required (82) . 
IL-ra also blocks the production of IL-l-induced IL-l, 
TNF and IL-6 from human peripheral blood mono
nuclear cells (PBMC) as well as from purified monocytes 
(83). In a rabbit model of meningeal inflammation, 
IL-lra blocked cerebrospinal pleocytosis induced by 
cerebroventricular IL-l (84); this required a 5000-fold 
molar excess of IL-lra to block 90% of the IL-l-induced 
pleocytosis. A similar study has shown that intracere
broventricular injection of 100 11g of the IL-l ra (1 0,000-
fold excess) blocks nonrapid eye movement sleep and 
fever induced by 10 ng of IL-l~ given by the same route 
(85). Systemic injection of the 100-fold molar excess of 
the IL-lra blocks 95% of the fever due to the intravenous 
injection ofiL-1 in rabbits (86). Administration ofiL-lra 
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to rats with adjuvant arthritis has reduced the severity 
of the joint lesions. 

SOLUBLE IL- l RAND TNF PROTEINS 
The extracellular domain of IL-lRtl has been ex

pressed and shown to bind both forms of IL- l. Unlike 
soluble TNF, IL-6 and INFy receptors which occur 
naturally in the urine (68,87). soluble IL-l receptors 
have yet to be found naturally. Nevertheless, when 
recombinant soluble IL-lRtl was given to rats undergo
ing heart allograft rejection, survival of the heterotopic 
grafts was increased. Lymph nodes directly injected 
with allogeneic cells have reduced hyperplasia with the 
use of soluble IL-lRtl (88). It is likely that the effects of 
the soluble type I receptor is due to decreased inflam
mation rather than decreased immunoresponsiveness. 
Although there are no data suggesting that the type I 
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