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INTRODUCTION

The immune response is regulated by cytokine net-
work, in which the synergy and antagonism of particular
cytokines must be finely tuned to reach the right out-
come. Both inadequate and too strong immune reaction
can impair the organism and result in inflammatory and
autoimmune diseases, respectively. According to their
function, cytokines can be divided into groups of pro-
inflammatory or antiinflammatory mediators. One of
the key roles in cytokine network is played by the mem-
bers of the interleukin-1 family. Mediators, belonging
to this group, are the proinflammatory agonists IL-1α,
IL-1β and their naturally occuring inhibitor interleukin-1
receptor antagonist (IL-1Ra). Recently, novel members
of IL-1 superfamily, interleukin-181, FIL1δ, FIL1ε,
FIL1ζ, and FIL1η2 have been described. The members
of the IL-1 family show conserved amino acid motifs
and share similar tertiary structure. Conserved exon-
intron pattern suggests that they evolved from a com-
mon ancestor.

IL-1 and IL-1Ra specifically bind to surface receptor
molecules or to their soluble forms. There are two
receptors binding IL-1. Interaction with the type I
receptor (IL-1RI) leads to signal transduction, while
type II receptor (IL-1RII) acts as a “decoy” receptor
sequestering IL-1 without inducing signalling. An indis-
pensable participant of the IL-1 signalling complex is
the IL-1 receptor accessory protein (IL-1RAcP). Novel
IL-1 receptor-like genes, the T1/ST2 (IL-1RL1), IL-1
receptor related protein (IL-1Rrp) and IL-1 receptor
related protein 2 (IL-1RL2) have been identified dur-
ing the human genome sequencing project3.

The genes encoding members of IL-1 family are
clustered on the long arm of the chromosome 2, except
of IL-18 and IL-1RAcP, which are located on the chro-
mosomes 11 and 3, respectively3, 4, 5. IL-1 family genes
are polymorphic and their alleles are in linkage disequi-
librium6.

CHARACTERISTICS OF IL-1 FAMILY MEMBERS

IL-1ααααα and IL-1βββββ
Gene. Genes for IL-1α (IL1A), IL-1β (IL1B) and

IL-1Ra (IL1RN) are located on 2q14-217. They map to
a common restriction fragment of approximately 430 kb,
where they are distributed in following intervals: IL1A
between +0 and +35 kb, IL1B between +70 and +110 kb,
IL1RN between +330 and +430 kb4. The promoter
region of IL-1A does not contain TATA box, a typical
motif for inducible genes, which is present in the IL-1B.

Regulation of expression. IL-1α is constitutively ex-
pressed in human keratinocytes, other cells synthesise
and release IL-1α under stimulation8, 9. IL-1β is pro-
duced by wide range of cells, particularly of monocyte-
macrophage lineage. There is a large number of
microbial or non-microbial inducers of IL-1, such as
lipopolysacharide (LPS), immune complexes, stress fac-
tors, neuroactive substances, cytokines10, 11. Constitutive
levels of IL-1β mRNA have been detected in many
organs and tissues. However, a dissociation between the
transcription and translation is characteristic for IL-1β12.
Transcription is induced by various stimulants without
translation. The untranslated mRNA is degraded un-
less an additional signal is provided10. One possible
explanation for this phenomenon is regulation of mRNA
half-life through AURE (Adenylate Uridylate Rich Ele-
ment). IL-1β mRNA contains an AURE typical for
mRNAs, which require tight control of protein synthe-
sis11.

Synthesis and processing. Both IL-1α and IL-1β are
synthesised as 31-kDa precursors without conventional
signal peptide, characteristic for secreted proteins10.
Mature 17-kDa forms of IL-1α and IL-1β have a trefoil-
like tri-dimensional structure composed of 12 to 14
folds of β-pleated sheet. The protein precursors are
translated on polysomes in connection with cytoskeletal
microtubules, remain in cytosol and do not accumulate
in any organelle. Either proIL-1α or proIL-1β are
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myristoylated on lysine residues during the process of
posttranscriptional modification13. Myristoylated proIL-1α is
translocated to the cell surface or can be cleaved to a
mature form by membrane-associated calcium-depen-
dent cysteine proteases called calpains14. After cleavage
IL-1α is released to extracellular space. IL-1α is fully
active both as precursor or mature protein, whereas IL-1β
is active only in its mature form. In keratinocytes and
partially in tissue macrophages, the predominant form
of IL-1β after stimulation is intracellular proIL-1β15.
The active mature 17-kDa IL-1β arises from cleavage of
proIL-1β at aspartic acid at position 116 by interleukin-1β
converting enzyme (ICE, recently called caspase-1)16. In
mononuclear phagocytes, the ICE cleavage of proIL-1β also
at Asp28 was demonstrated. Processing of proIL-1β is
not indispensable for IL-1β export into extracellular
compartment. IL-1β is secreted from intact LPS-stimu-
lated monocytes as 3-, 17-, 28- and 31-kDa forms15. The
released 31-kDa form is different from cytosolic 31-kDa
proIL-1β, what could be explained by conformational
changes during the process of secretion. Apart from
ICE, proIL-1β can be cleaved by other proteolytic en-
zymes, such as trypsin, chymotrypsin, bacterial enzymes,
leukocyte elastase, granzyme A, and matrix metallopro-
teinases (MMPs)17. MMPs including stromelysin-1, gela-
tinases A and B, are induced by IL-1β at sites of acute
and chronic inflammation, where they are able both to
activate and catabolise IL-1β.

Function. The biologic effects of IL-1 have been
described in detail in previous reviews10. IL-1α acts as
an intracellular autocrine messenger, which regulates
the normal cell differentiation, especially in epithelial
and ectodermal cells. ProIL-1α NH2 terminal region
contains a nuclear localisation sequence and has been
demonstrated to bind in cell nuclei18. Elevated levels of
IL-1α were proposed to play role in senescence and
growth inhibition of fibroblasts and endothelial cells.
The critical role of IL-1β, but not of IL-1α, in febrile
and neuro-immune-endocrine responses was described
in IL-1α -/-, IL1β -/- knockout (KO) mice19. IL-1β is
crucial for the induction of fever and acute-phase re-
sponse during local tissue damage, whereas in systemic
inflammation it only contributes to inflammatory reac-
tion20,21. Similar to IL-1β -/- mice, IL-1RI-deficient ani-
mals have a reduced acute phase response to local injury.
Data obtained in studies with IL-1RI-deficient mice
suggest that both IL-1α and IL-1β are important in
response to tissue damage and infection, but are not
required for normal development and homeostasis22. In
the response to inflammatory and infectious challenges
IL-1 modulates the process of extravasation and locali-
sation of leukocytes at inflammatory sites, which invol-
ves leukocyte adhesion and passage through endothelial
linings10. IL-1 participates in recruiting and activating
neutrophils and macrophages, producing vascular dila-
tation with alteration of endothelial integrity. It also
induces production of acute phase reactants, wide range
of cytokines, adhesive molecules, prostanoids, free-radi-
cal generating enzymes etc. Further, IL-1 enhances pro-

liferation of fibroblasts, smooth muscle cells or me-
siangial cells10.

IL-1Ra
IL-1 receptor antagonist has currently three known

isoforms: glycosylated soluble IL-1Ra (sIL-1Ra) and
two intracellular non-glycosylated forms (icIL-1Ra I
and icIL-1Ra II).

Gene. sIL-1Ra and icIL-1Ra I are generated from
the same gene by use of alternative first exon23. The
expression of sIL-1Ra and icIL-1Ra I is regulated by
two distinct promoters located upstream to each alter-
native first exon with different transcriptional regula-
tory elements. The regulation of icIL-1Ra expression is
realised in cell type-specific manner24.

Structure. IL-1Ra has a β-trefoil crystallographic
structure, which is similar to those of IL-125. The charac-
teristics of particular isoforms are listed in Table 1.
sIL-1Ra is translated as a 17-kDa protein with 177 amino
acids containing a 25-amino acid leader sequence10. Af-
ter processing, which includes cleavage of the leader
sequence and glycosylation, it is secreted by classical
endoplasmatic reticulum – Golgi – secretory vesicles
pathway into the extracellular environment. Intracellu-
lar forms of IL-1Ra are not glycosylated, do not possess
leader sequence and remain in intracellular compart-
ment. icIL-1Ra II is derived by alternative translation
initiation from either sIL-1Ra mRNA and icIL-1Ra I
mRNA26. Two different icIL-1Ra II have been described.
mRNA coding for a larger 25-kDa form of icIL-1Ra
was found in human polymorphonuclear cells, which
differed from icIL-1Ra I in additional 21 amino acid
sequence present within the NH2-terminal portion27.
This additional stretch was encoded by an extra exon
located 2kb downstream between the first and second
exon of icIL-1Ra I. Even if this mRNA is expressed in
several cell types, the corresponding 25-kDa protein has
not been found yet28.

Table 1. Characteristics of IL-1Ra isoforms.

Abbreviations: sIL-1Ra, soluble IL-1 receptor antagonist; icIL-1Ra I, intracellular
IL-1 receptor antagonist type I; icIL-1Ra II, intracellular IL-1 receptor antagonist
type II.

Regulation of production and function. IL-1Ra pro-
duction is induced by variety of mediators including
cytokines, viral products, and acute phase proteins. The
most potent inducers of IL-1Ra in vitro are LPS, IL-4,
adherent IgG and GM-CSF28. Differential production
of distinct IL-1Ra isoforms by LPS-stimulated periphe-
ral mononuclear blood cells (PMBC) and neutrophils

isoform molecular number of Producing cell types
weight amino acids

sIL-1Ra 22-25kDa 152 monocytes, macrophages, neutrophils, fibroblasts,
hepatocytes, microglia

icIL-1Ra I 18kDa 159 keratinocytes, epithelial cells, monocytes,
macrophages

icIL-1Ra II 16kDa 143 fibroblasts, keratinocytes, epithelial cells,
neutrophils, myelomonocytes, hepatoma HepG2 cells
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was demonstrated29. sIL-1Ra is an inducible gene in
most cells, icIL-1Ra is expressed constitutively in ke-
ratinocytes and intestinal epithelial cells10. The early
transcription and translation of sIL-1Ra both in poly-
morphonuclear leukocytes and in PBMC may regulate
the biological activity of IL-1 in extracellular space. The
transcription and translation of icIL-1Ra I in PBMC is
delayed, and possibly it has an intracellular regulatory
function. In transduced human ovarian carcinoma cells
icIL-1Ra I does not inhibit initial IL-1β responses, but
attenuates IL-1β-inducible early gene expression by al-
teration of mRNA stability30. The existence of intracel-
lular regulatory loops modulating the activities of
intracellular IL-1 family members has been suggested31.
In cultured dermal fibroblasts from patients with sys-
temic sclerosis elevated intracellular proIL-1α up-regu-
lates the levels of icIL-1Ra. icIL-1Ra II is produced by
neutrophils and PBMC as an inducible cytoplasmic pro-
tein, which follows the kinetics of sIL-1Ra29. The physio-
logical inhibition of IL-1 by IL-1Ra appears to protect
the organism from exaggerated reaction to infection,
but brings along the risk of impairing the host’s ability
to eliminate the infection. The IL-1Ra KO mice are
more susceptible to lethal endotoxemia but are less
susceptible to infection with intracellular agent Listeria
monocytogenes32. The absence of IL-1Ra in KO mice
resulted also in decreased body mass compared with
wild-type controls suggesting that IL-1Ra is not re-
quired for normal development, but it is necessary for
maintaining normal body mass by mechanism antago-
nising the IL-1-mediated appetite suppression and ca-
tabolism32.

IL-1 receptors
Six members of the interleukin-1 receptor family are

currently known3. The family contains: type I IL-1
receptor (IL-1RI), type II IL-1 receptor (IL-1RII), IL-1
receptor accesory protein (IL-1RAcP), T1/ST2 (IL-1
RL1), IL-1 receptor related protein (IL-1Rrp) and IL-1
receptor related protein 2 (IL-1RL2). The extracellular
portion of these receptors is composed of three IgG-like
domains which share significant homology to each
other3,10. Five of six IL-1 receptor-like genes map to
2q12, while the IL-1RAcP to 3q28.

IL-1 receptor type I. IL-1RI is a transmembrane
monomeric 80-kDa glycoprotein, constitutively expres-
sed on T lymphocytes, fibroblasts, chondrocytes, en-
dothelial cells, smooth muscle cells and other cell types25.
Signal transduction via IL-1RI requires recruitment of
IL-1RAcP, which is an essential signal transducing com-
ponent in functional IL-1R complex33.

IL-1 receptor accessory protein. IL-1RAcP is a 570-
amino acid protein, which shares limited homology to
both IL-1 receptors. The conformational changes in-
duced in ligand-receptor complex by tight binding of
the IL-1 agonists to the second binding site in the do-
main 3 of the receptor (which is not present in IL-1Ra),
allow a secondary interaction of this complex with IL-1
RAcP28. IL-1RAcP increases the affinity of the IL-1RI

for all IL-1 agonists, but differentially affects binding of
IL-1α and IL-1β33. IL-1Ra binds to extracellular por-
tion of IL-1RI without triggering the association of IL-1
RAcP.

IL-1 receptor type II. IL-1RII is a 68-kDa glycopro-
tein with shortened intra-cytoplasmatic domain in com-
parison with IL-1RI34. It is expressed on the same cells
as the IL-1RI with the exception of endothelial cells25.
IL-1RII is unable of signal transducing and competes
with IL-1RI for IL-1. IL-1RII does not act only as a
scavenger of IL-1 but also of IL-1RAcP. IL-1RII alters
IL-1 activity by subtracting IL-1RAcP from IL-1RI sig-
nalling complex35. Thus the IL-1RI / IL-1RII ratio on
the cell membrane is an important factor regulating IL-1
cell responsiveness. Expression of IL-1RII is modified
by diverse external signals. Particularly anti-inflamma-
tory agents (IL-4, IL-13, dexamethason) can up-regu-
late IL-1RII surface expression in human macrophages
and neutrophils36.

Soluble forms of receptors. The soluble forms of IL-1
RI and II are derived by proteolytic cleavage of extra-
cellular domains of membrane receptors. They can be
detected in the serum or urine of healthy subjects, but
also in different inflammatory body fluids37. The levels
of sIL-1RII are higher than sIL-1RI both in normal and
pathologic situations. The affinity of soluble receptors
for IL-1 and IL-1Ra is different from membrane-bound
receptors. For sIL-1RI, the rank is IL-1Ra > IL-1α > IL-1β,
for sIL-1RII IL-1β > IL-1α > IL1-Ra10, 25.

Signal transduction. The binding of IL-1 to IL-1RI
allows the association of IL-1RAcP, thus forming a high-
affinity complex for IL-135. The ligand-induced associa-
tion of two transmembrane molecules results in the
interaction of their cytoplasmic domains necessary for
the recruitment of the IL-1 receptor associated protein
kinases (IRAK, IRAK-2, IRAK-M)38, 39, 40. IRAK then
dissociate from the IL-1R complex and associate with
TNF receptor-associated factor-6 (TRAF-6). The mem-
bers of the IRAK family are indispensable elements for
LPS signal transduction40. Events including multiple and
sequential phosphorylations and dephosphorylations of
distinct kinases (e.g. MAP kinases) result in activation
of proteins participating in translation and transloca-
tion of transcriptional factors (particularly NFκB and
AP-1) to the nucleus. A member of Rho family of
GTPases - RhoA appears to constitutively interact with
the cytoplasmic domain of IL-1RI as a component of
the IL-1 signalling complex. The activation of RhoA
leads to IL-1-stimulated Rho-dependent cytoskeleton
reorganisation, which is necessary for persistent cell
activation in chronic inflammatory disease41.

IL-18
IL-18, previously called IFNγ-inducing factor, has

been classified to IL-1 family on the basis of its struc-
tural homology. Contrarily to other IL-1 family mem-
bers, the gene of IL-18 maps to 11q22.2-q22.35. IL-18 is
constitutively expressed in many haematopoetic cell lines
of myelomonocytic origin, murine splenocytes, osteo-
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blasts, mouse keratinocytes, rat adrenal cortex and pi-
tuitary gland42. It is synthesised as an inactive precursor
molecule lacking signal peptide, then processed by ICE42.
IL-18 is active in complex with its receptor. IL-18
receptor (IL-18R) consists of binding chain IL-18Rα,
formerly identified as the IL-1 receptor-related protein
(IL-1Rrp), and a signalling chain IL-18Rβ. The signal
transduction cascade is similar to that of IL-1. The
IL-18R complex recruits IRAK and TRAF-643. These
events lead to activation of NF-κB. IL-18 induces IFN-γ
and its biological effects are similar to IL-12 in media-
ting Th1 response and activation of natural killer cells. It
also induces gene expression and synthesis of TNF, IL-1,
Fas ligand and of some chemokines44.

FIL1δδδδδ, FIL1εεεεε, FIL1ζζζζζ, FIL1ηηηηη
These novel members of IL-1 superfamily were rec-

ognised by searching the public EST databases relying
on the sequence similarities2. Sequence alignment re-
vealed approximately a 20–35% sequence identity be-
tween the IL-1 superfamily members. A most common
shared amino acid motif is F(X10–12)FXS(AVS)XX(PE)
XX(FY)(LI)(CAS) (TC) with one-letter amino acid
code, where X is any amino acid. According to the
similarity, the members of the superfamily can be di-
vided into three subgroups. The first includes IL-1α,
IL-1β, IL-18, the second IL-1Ra, FILδ and third FILζ,
FILε, FILη2. The tertiary structure of the novel mem-
bers is also a 12-stranded β-trefoil, which is well con-
served in IL-1. The major difference between FIL1δ,
FIL1ε, FIL1ζ is in loops connecting the β strands. The
novel family members are expressed in different haema-
topoetic and non-haematopoetic cell types. All of them
are expressed in activated monocytes and B cells, FIL1ε
also in T cells. Their biologically activity is unknown.

RELATIONSHIP BETWEEN IL-1 FAMILY
MEMBERS

The mechanism of action and relationship between
IL-1 and their counterparts has several levels. In the
synthesis pathway, the production of the agonists and
antagonists is regulated at the level of pre-transcrip-
tional processes, transcription, post-trancriptional
mRNA splicing, mRNA stability, translation and pro-
cessing. IL-1β is an auto-regulating protein, inducing its
own expression in human PBMC and endothelial cells
in vitro45. This auto-induction can be inhibited by IL-1
Ra, thus suggesting IL-1Ra is a negative regulator of
positive feedback loop of IL-1 production46. However,
in IL-1Ra knockout and overproducing mice it was
found, that IL-1Ra up-regulates the IL-1 serum levels
during endotoxemia32. It is plausible that IL-1Ra in vivo
acts both as a positive and negative regulator of IL-1
expression.

Beyond these events the bioavailability and bioactivity
of IL-1 is regulated by specific inhibitors, cell-bound or
soluble IL-1 receptors (Figure 1). IL-1RI has approxi-
mately equal affinity for IL-1α, IL-1β and IL-1Ra10.
Despite near equal affinities, IL-1Ra needs large molar
excess (10- to 100-fold) to inhibit the IL-1 agonistic
action47. IL-1Ra associates with IL-1RI slower than IL-1,
and IL-1 rather then IL-1Ra occupies the empty re-
ceptor. IL-1RII has the affinity for IL-1β 100-fold
stronger than for IL-1Ra48 and its preference range is
IL-1β > IL-1α > IL-1Ra11. Thus the IL-1RII blocks IL-1β
binding to signal transducing IL-1RI. As for the soluble
forms, sIL-1RI binds preferentially IL-1Ra to IL-1α
and IL-1β. Under normal conditions it does not alter
the availability of IL-1β to membrane-bound IL-1RI,
but neutralises the antiinflammatory action of IL-1Ra.
On the other hand sIL-1RII with great affinity to IL-1β
sequesters IL-1β and disrupts its activity. The great
excess of sIL-1RII to sIL-1RI in extracellular fluid sup-
ports the idea, that sIL-1RII, rather than sIL-1RI, is the
major regulator of IL-1β activity11.

IL-1 FAMILY IN DISEASE

The pivotal role of IL-1 in various disorders has
been demonstrated in numerous studies with human
diseases or experimental animal models of disease. They
have been summarised in previous reviews10, 28. Benefi-
cial effects of administration of recombinant IL-1Ra in
animal models have enabled using IL-1Ra treatment in
human clinical trials.

Fig. 1 Model of interaction between IL-1, IL-1Ra and IL-1 receptors.
Arrows represent signal transduction. Abbreviations: IL-1α,
interleukin-1 α; IL-1β, interleukin-1 β; IL-1Ra, IL-1 receptor antago-
nist; IL-1RI, IL-1 receptor type I; IL-1RII, IL-1 receptor type II; sIL-
1RI, soluble IL-1 receptor type I; sIL-2RII, IL-1 receptor type II.
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Autoimmune diseases
The involvement of IL-1 in the pathogenesis of rheu-

matoid arthritis (RA) is now well accepted. IL-1 appears
to be important in inflammation-induced erosive carti-
lage damage and bone resorption in animal polyarthri-
tis models, but it is less involved in the early joint swelling
and periarticular inflammation49, 50. In rat type II colla-
gen-induced arthritis with lesions analogous to those in
human RA, IL-1 is a major mediator participating in all
aspects of disease progression50. Clinical studies sug-
gested a correlation between levels of IL-1β and para-
metres of joint damage51. Thus inhibiting the IL-1 activity
may be beneficial in treatment of RA. The important
regulatory role of IL-1Ra in disease has been shown in
IL-1Ra deficient mice, where a chronic inflammatory
arthropathy with autoimmunity has developed, resem-
bling human RA52. Blocking IL-1 with anti-IL-1α+β
treatment during murine type II collagen-induced ar-
thritis protects the cartilage and bone structures53. The
administration of IL-1Ra to RA patients in clinical tri-
als have resulted in decrease of inflammatory disease
activity and may inhibit the progression of joint ero-
sion54.

In systemic lupus erythematosus (SLE) high serum
concentration of IL-1Ra has been measured as a patho-
physiologic feature of disease activity55. However, there
are contradictory findings about the expression of IL-1
Ra by PBMC in response to adherent IgG in active
SLE. Suzuki et al. (1995) report enhanced expression of
IL-1Ra mRNA in freshly isolated monocytes, while re-
cently a deficiency in Fcγ-R-mediated production of IL-1Ra
in monocytes from patients with active SLE compared
with those with inactive disease was found56. This defi-
ciency may contribute to immune-complex-mediated tis-
sue damage in SLE.

The dermal fibroblasts from patients with systemic
sclerosis (SSc) exhibit an aberrant constitutive expres-
sion of IL-1α mRNA and contain intracellular proIL-1α57.
SSc fibroblasts are characteristic by increased produc-
tion of IL-1α, IL-6 and PDGF-A, the key mediators of
collagen synthesis, which mediate an excessive extracel-
lular matrix synthesis9.

IL-1β plays a crucial role also in “destructive” or-
gan-specific autoimmunity in Hashimoto’s thyreoiditis by
induction of efficient autoantigen presentation via co-
stimulatory molecules and Fas/FasL-mediated apoptosis
of thyroid follicular cells58.

Gastrointestinal tract
In peripheral blood or biopsy specimen from pa-

tients with inflammatory bowel diseases (IBD) increased
amounts of IL-1 and IL-1Ra have been measured59, 60, 61.
The increased capacity of cultured colonic lamina pro-
pria mononuclear cells to produce IL-1β has been shown
to predict acute relapses in Crohn’s disease62. Both in
ulcerative colitis and Crohn s disease a decreased ratio
of mucosal IL-1Ra / IL-1β at protein and mRNA levels
has been described, correlating with disease severity63.
Even if the expression of IL-1Ra in intestinal mucosa is

enhanced, its production is relatively low to that of IL-1β
and this imbalance between IL-1β and IL-1Ra produc-
tion appears to be decisive in IBD. The importance of
IL-1Ra has been demonstrated in experimentally in-
duced colitis in rabbits, where administration of anti-
IL-1Ra antibodies increased mortality and prolonged
intestinal inflammatory responses64.

Higher serum levels of IL-1β and IL-1Ra were found
also in chronic liver diseases. In HCV-related chronic
autoimmune hepatitis an increased IL-1β / IL-1Ra
mRNA ratio at tissue level appears to contribute to the
development of more aggressive disease forms with
higher grade of fibrosis65.

Using several animal models of acute pancreatitis
(AP), high concentration of IL-1 in pancreatic paren-
chyma, but also in other organs were measured. It was
found that IL-1 does not trigger acute pancreatitis, but
plays important role in disease progression66.

Lung
In established acute respiratory distress syndrome

(ARDS), elevated levels of both IL-1β and IL-1Ra were
found in alveolar air space and plasma67, 68, 69. The sys-
temic level of IL-1β seems to reflect the severity of the
lung injury rather than the diagnosis in different lung
diseases70. The levels of IL-1β in BAL fluid from pa-
tients with ARDS did not differ between survivors and
non-survivors, but low concentrations of anti-inflamma-
tory cytokines IL-1Ra and IL-10 were associated with
worse prognosis68. These observations support the hy-
pothesis that inability to intensify the local anti-inflam-
matory activity early in the development of ARDS
contributes to more severe lung injury and has prognos-
tic significance. In animal ischemia/reperfusion acute
lung injury model IL-1 mRNA in lung tissue is up-
regulated after transient lung ischemia in a time-de-
pendent manner71. In loci of hypoxic vascular injury
IL-1 participates in attraction of leukocytes. IL-1β in
concert with TNFα is considered to play a central role
also in pathogenesis of acute pancreatitis associated
ARDS72, 73. Up-regulation of IL-1 and TNFα produc-
tion within the lung parenchyma is present after intra-
venous infusion of sterile pancreatic ascites from AP
animals free of IL-1β, IL-6, IL-8, TNF-α, INF-γ and
LPS, thus suggesting that these mediators are not likely
to be directly responsible for induction of ARDS during
AP73. However, IL-1 and TNF-α genes are induced in a
delayed fashion after the onset of acute pancreatitis and
are required for development of sepsis associated ARDS.

Furthermore, high concentration of IL-1β in bron-
choalveolar lavage (BAL) fluid have been found in al-
lergic responses and bronchial asthma74. The cytokine
release in the airways results from modulatory interac-
tion between epithelial cells, alveolar macrophages and
infiltrating monocytes.

In BAL fluid of patients with cryptogenic fibrosing
alveolitis (CFA) an increased level of IL-1Ra has been
reported accompanied by proportional elevation of IL-1β75.
A significant increase of IL-1Ra was also present in
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tissue homogenates, but without concomitant elevation
of IL-1β. Hyperplastic type II pneumocytes, pulmonary
fibroblasts and macrophages have been identified as the
primary source of IL-1Ra. These findings demonstrate
production of IL-1Ra by non-immune cells and suggest
a possible role of IL-1Ra in disease progression through
attenuation of IL-1-dependent normal tissue remodel-
ling during resolution and tissue repair. In contrast,
other studies describe decreased amounts of IL-1Ra in
culture supernatants from CFA patients76. There are no
differences in number or affinity of type I IL-1 signal
transducing receptor on lung fibroblasts between CFA
patients and controls77.

In sarcoidosis, alveolar macrophages in vitro sponta-
neously release greater amounts of IL-1β in active disea-
se in comparison with cells from patients with inactive
disease and from healthy controls78.

Sepsis
Serum levels of IL-1β and IL-1Ra are significantly

elevated in severe sepsis and the higher levels of IL-1Ra
are associated with an early hemodynamic deteriora-
tion79. Both the pro- and anti-inflammatory response is
augmented in sepsis with imbalance of counteracting
mediator systems. Studies with IL-1RI KO mice showed
that IL-1 significantly contributes to sepsis-induced en-
dothelial damage80. IL-1β, derived from Kupffer cells,
appears to be directly or indirectly responsible also for
hepatocellular dysfunction occurring early after the on-
set of sepsis81.

Central nervous system
IL-1β has been implicated as a mediator of hypoxic-

ischemic (HI) brain injury, both in experimental models
and in human82. Brain IL-1β activity and mRNA levels
increase acutely after unilateral cerebral HI in neonatal
rats83. The absence of IL-1β processing by ICE in
neonatal ICE-deficient mice have increased the resistan-
ce to HI brain injury. These findings suggest that ICE is
crucial in the evolution of ischemic brain damage lea-
ding to neurologic deficits in perinatal period82.

The importance of ICE has been demonstrated also
in early phase of immune-mediated demyelination of
the CNS, where reduction of experimental autoimmune
encephalomyelitis incidence and severity in ICE -/- mice
was observed84.

GENE POLYMORPHISMS OF THE IL-1
COMPLEX

Influence of gene polymorphisms on IL-1 protein
expression

Cytokines and cytokine receptors are generally highly
conserved in their coding regions. Polymorphisms within
the exons directly affect the protein structure and possi-
bly result in alteration of protein function. Mutations
not affecting the sequence of amino acids in polypep-
tide chains may influence protein production on diffe-

rent transcriptional or posttranscriptional levels85. They
can alter the structure of genes’ regulatory elements
with binding sites for transcriptional factors, transcrip-
tion rate, mRNA splicing or mRNA stability. For exam-
ple, in case of VNTR polymorphism of IL-1α gene in
intron 6, each of the repeat sequences contains binding
sites for transcription factor SP1, an imperfect copy of a
viral enhancer element and an inverse and complemen-
tary sequence of a glucocorticoid-responsive element86.
Table 2 contains the known gene polymorphisms of IL-1
complex.

Table 2. The gene polymorphisms of IL-1 family
members85, 86, 97, 98, 99, 100, 101.

Abbreviations: RLFP, Restriction Length Fragment Polymorphism; VNTR, Variable
Number of Tandem Repeats; IL-1a, interleukin-1a; IL-1β, interleukin-1β; IL-1Ra,
IL-1 receptor antagonist; IL-1RI, IL-1 receptor type I; C, cytosine; T, thymine; A,
adenine;  G, guanine.

In vitro and in vivo secretion of IL-1β and IL-1Ra
exhibits interindividual variability  associated with gene
polymorphisms. The presence of allele 2 of IL-1β single
base substitution polymorphism at position +3953 may
increase in vitro LPS-stimulated IL-1β production by
PMBC, where an allele-dosage effect was observed87.
Allele 2 of IL-1Ra VNTR polymorphism (IL-1RN*2)
is suggested to be the major up-regulator of IL-1β88 and
IL-1Ra in vitro levels in stimulated mononuclear cell
cultures89. However, contradictory observations have
been described. The carriage of IL-1RN*2 has been
associated with decreased production of total IL-1Ra
by PBMC from ethnically different ulcerative colitis
patients and healthy controls90. IL-1β +3953 and -511
single base substitution polymorphisms also participate
in the regulation of IL-1Ra in vivo production and they
show a cooperative effect with IL-1RN*291. IL-1RN*2
phenotype increases IL-1Ra levels in vivo in healthy
population only in the presence of allele 2 of IL-1β
-511. Allele 2 of IL-1β -511 and IL-1RN*2 are consi-
dered to represent a “high secretor” phenotype leading
to increased proinflammatory activity in autoimmune
and infectious diseases92. More than the absolute amount
of IL-1β or IL-1Ra, the IL-1β / IL-1Ra ratio is decisive
in inflammatory response.

Gene Single base substitution VNTR polymorphism
position exchange RFLP position repeat sequence

IL-1αααα -889 C/T intron 6 46 bp (5,8,9,12,15,18 repeats)
+4345 T/G dinucleotide repeats

(TTA) repeats

IL-1ββββ -511 C/T AvaI
+3953 C/T TaqI

-31 T/C AluI
nt5810 G/A BsoFI

IL-1Ra +2016 T/C intron 2 86 bp (2,3,4,5,6 repeats)
nt8006 T/C MspI
nt8061 C/T MwoI
nt9589 A/T SspI

nt11100 T/C MspA1I
IL-1RI exon 1B C/T PstI (A)

PstI (B)
exon 1C A/T
exon 1C C/A BsrBI
intron 1B A/G MspI
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Association of IL-1 complex gene polymorphisms with
human diseases

The investigated associations between gene poly-
morphisms of IL-1 complex and human diseases are
listed in the Table 3. The polymorphisms of IL-1 family
genes are implicated especially in the development of
autoimmune, chronic inflammatory diseases and malig-
nancies. In many cases the frequency of an allele or a
haplotype does not differ between healthy controls and
patients, but there is a significant difference in distinct

forms of disease according to the severity and/or pro-
gression. Gene polymorphisms may be markers of sus-
ceptibility, severity or may predict the clinical outcome.
Particular ethnic differences in distribution of distinct
alleles of gene polymorphisms have been observed. In
ulcerative colitis (UC), investigated in Caucasoid po-
pulations, a weak (patients from U.K.) or no significant
(patients from France, Germany, Netherlands) associa-
tion was found between IL-1RN*2 and susceptibility to
UC93 ,94, 95, 96. In contrast, a strong association has been
described in Hispanic-Caucasian and Jewish-Caucasian
ethnic groups90. It is also suggested, that IL-1RN*2 is
not directly responsible for the disease predisposition,
but is in linkage disequilibrium with another DNA se-
quence variation within or close to the IL-1RN gene,
which is more directly responsible for susceptibility of
an individual to UC.

CONCLUSION

Interleukin-1 family is a rather complex self-regula-
ting system, which affects almost all cell types in orga-
nism. Its members have been shown to be important
either in health and in the development of various dis-
orders. Elucidating the mechanism of action of this
cytokine family may help to understand the aetiology
and pathophysiology of human diseases and subsequently
establish novel strategies for primary prevention and/or
therapeutical intervention. Measuring IL-1 production
in disease states may serve as a marker of the clinical
course of disease or therapeutic efficacy. Since IL-1
family members have been proposed to be the candi-
date genes in many polygenic disorders, their gene
polymorphisms are important in obtaining an insight
into the genetic background of human immunopatholo-
gies.
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