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Introduction
The precise roles of IL- la and IL- Il# in normal physiology in
vivo or in pathophysiology ofdisease remain unclear. Because
ofthe ubiquitous, and somewhat nonspecific, nature ofproduc-
tion and effects of IL- I a and IL-1# in vitro, the importance of
these molecules in vivo has been questioned. A new member of
the IL- I family has recently been described. IL-I receptor antag-
onist (IL-lra)' is structurally related to IL-la and IL-lIB, but
binds to IL- I receptors on various target cells without inducing
any discernible biological responses. IL- Ira represents the first
described naturally occurring cytokine or hormone-like mole-
cule that functions as a specific receptor antagonist.

This article will review recent information about IL-lra,
including its discovery and biochemical characterization, pro-
duction, in vitro properties, and in vivo effects. A further objec-
tive is to point out how knowledge about IL-Ira may not only
provide answers about the relevance of IL-i a and IL-1 f in
vivo, but also may introduce new concepts about the function
of these other members of the IL-I family. The reader is re-
ferred to three recent more brief reviews on IL- lra (1-3).

IL-I inhibitors and discovery ofIL-Ira
IL- 1 inhibitory bioactivity has been described by many labora-
tories over the past 10-15 years, both in cultured cell superna-
tants and in human body fluids (reviewed in 4-6). Some of
these "IL-1 inhibitors" may have represented proteins that
bound to IL-I in solution or other molecules that interfered
nonspecifically with bioassays for IL-I. However, the nature
and mechanisms of action of most of these IL-I inhibitors re-
mained undetermined.

The molecule now known as IL- 1ra was first reported in
1985 as an IL- I inhibitory bioactivity of22-25 kD in the super-
natants of human monocytes cultured on adherent IgG (7).
Dayer and colleagues independently reported studies on an
IL- inhibitor of similar size in the urine of patients with fever
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or myelomonocytic leukemia (8). Seckinger et al. (9) estab-
lished that the 22-kD inhibitor semipurified from urine specifi-
cally blocked binding of 123I-IL-la to IL-I receptors on the
murine thymoma cell line EL4-6. 1. Subsequent studies showed
that the monocyte-derived molecule also functioned as a spe-
cific receptor antagonist of IL-1 (5). Additional effects of IL-I
that are blocked by native IL- I ra are summarized in Table I. In
all of these studies, IL-Ira alone failed to exhibit any agonist
properties.

Purification, sequencing, cloning, and expression ofIL-Ira
Any uncertainties regarding the existence ofa specific receptor
antagonist ofIL-I were resolved by the purification ofthis mol-
ecule from IgG-induced monocyte supernatants by Hannum et
al. (14). Using a combination ofanion exchange, gel filtration,
and reverse-phase HPLC, three species of native IL-Ira were
identified. The monocyte-derived IL-Ira exhibited two species
of 22 kD and a smaller species of 18 kD (14). The two
larger forms appeared to be glycosylation derivatives of the
18-kD form, as evidenced by reduction in their sizes to 18 kD
with N-glycanase digestion. All three forms of purified native
IL-Ira possessed equivalent IL-I receptor binding activity per
weight, indicating that the N-linked sugar was not essential for
this activity ( 14).

Eisenberg et al. cloned IL- I racDNA's from ahuman mono-
cyte library (15). Characteristics of a 1.8-kb IL-Ira cDNA and
of the predicted protein are summarized in Table II. This IL-
I ra cDNA was expressed in Escherichia coli with production of
an 1 8-kD molecule that blocked IL-i-induced PGE2 produc-
tion by fibroblasts (15). The recombinant human IL-Ira inhib-
ited in a dose-responsive fashion 1251-IL-la binding to EL4-6.1
murine thymoma cells (14). Lastly, the recombinant IL-Ira
failed to directly stimulate PGE2 production by human dermal
fibroblasts (14).

An identical IL-I receptor antagonist protein (termed
IRAP) was subsequently purified from the supernatants ofthe
human myelomonocytic cell line U937 after phorbol myristate
acetate (PMA) differentiation and stimulation with granulo-
cyte macrophage colony-stimulating factor (GM-CSF). Clon-
ing and expression indicated that recombinant IRAP inhibited
IL-I-induced adhesiveness of endothelial cells for neutrophils
in vitro, IL-I augmentation of PHA-induced murine thymo-
cyte proliferation, and IL-I stimulation of corticosterone pro-
duction in mice in vivo (18). An identical IL-I receptor antago-
nist protein was purified from the supernatants of four other
human myelomonocytic cell lines after PHA-diMferentiation
and GM-CSF stimulation: THP-I (19), H-161 (20), AML- 193
(20), and HL-60 (20).

Thus, IL-Ira is produced by IgG-stimulated human mono-
cytes and by a variety of human myelomonocytic cell lines
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Table L Effects ofIL-I Which Are Blocked by Native IL-1
Receptor Antagonist

Binding of '25I-IL-Ia to IL-I receptors on murine thymoma cells

EL4-6.1 (5, 9)
Augmentation of PHA-induced murine thymocyte proliferation (5,

10)
PGE2 production by human synovial cells and fibroblasts (5, 10)
Collagenase production from rabbit articular chondrocytes (5)
Stimulation of hyaluronic acid synthesis by human synovial cells (I 1)
Inhibition of glycosaminoglycan synthesis in human articular

cartilage cultures (I 1)
Resorption ofand PGE2 production in rat or mouse bones in vitro (12)
Lowering of insulin content in and decrease of insulin release from

cultured rat pancreatic islet cells (13)

under the influence of PMA and GM-CSF. What is the evi-
dence that the IL-I inhibitory activity in human urine repre-
sents the same protein? This molecule was purified from the
urine offebrile patients, although no amino acid sequence anal-
ysis was reported (21). The urine-derived molecule demon-
strated similar biological properties ofan IL-I receptor antago-
nist as did the native or recombinant monocyte molecule. Fur-
thermore, the urine molecule appeared to exist in a larger
glycosylated form (21). Lastly, antibodies specific for mono-
cyte IL-Ira recognized the urine IL-I inhibitor (12). Thus, al-
though not proven definitively, the monocyte and urinary IL- I
inhibitors most likely represent the same protein. The evidence
indicating that IL-Ira is a member ofthe IL-I family is summa-
rized in Table II.

IL-ira structural variants

Recent studies using Western blot analysis of monocyte and
macrophage lysates and supernatants have clarified some of
the structural aspects of IL-Ira. All of the structural variants of
extracellular monocyte-derived IL- ra appearto represent vary-
ing degrees of glycosylation of a single peptide of 17,115 pre-
dicted mol wt. However, this molecule migrates anomalously
by PAGE with apparent sizes for nonglycosylated IL-Ira of
20-22 kD. In addition, monocyte lysates also exhibited a major

Table I. Structural Characteristics ofHuman Monocyte IL-i
Receptor Antagonist

1.8-kb cDNA has a single open reading frame coding for 177 amino

acids with a short 3'-untranslated region and a long 5'-untranslated
region (15)

Mature protein is a single nonglycosylated peptide of 152 amino acids

(mol wt 17,115) with a 25-amino acid leader sequence (15)
Amino acid sequence homology is 26-30% to IL-i jI and 19% to IL-la

(15)
Similar hydrophilicity plot to IDL-(I, indicating possible similarities in

tertiary structure ( 15)
Gene structure similar to that of IL-la and IL-1 # (16)
Gene located on chromosome 2 in the mouse, same as IL-i a and

IL-1I (17)
Produced by monocytes and macrophages with heterogeneous 22-

25-kD glycosylated derivatives representing a major extracellular

form (14)

smaller band of 15-16 kD, representing either a synthetic form
or a product of proteolysis (22). The heterogeneous 22-25 kD
glycosylated forms predominated in monocyte supernatants
over a small amount of nonglycosylated IL-Ira (22). Human
macrophages exhibited the same size distributions ofIL-Ira in
supernatants and lysates as described for monocytes (23). IL-
I ra is significantly conserved between species as the mouse and
rat proteins are 77% and 75% identical, respectively, to the
human protein (16).

A structural variant of monocyte IL-Ira is present in kera-
tinocytes and other epithelial cells (22). This form of IL-Ira
possessed the same 152-amino acid structure as mature mono-

cyte IL-Ira but contained an additional seven residues at the
NH2 terminus. The first four amino acids in this extension of
keratinocyte IL-Ira were identical to the first four residues in
the leader sequence of the synthesized monocyte form; how-
ever, the remaining three amino acids were different. The kera-
tinocyte IL-Ira is probably encoded by the same gene as mono-

cyte IL-Ira, with an alternative first exon spliced into an inter-
nal acceptor site between bp 87 and 88 ofthe monocyte cDNA
(22). Lacking a leader peptide, 18-kD keratinocyte IL-Ira re-

mains almost completely intracellular and is not glycosylated
(22, 24). A smaller structural variant ofthe keratinocyte IL-Ira
also may exist (22, 24).

The monocyte IL-Ira has been termed sIL-Ira (secretory)
and the keratinocyte variant icIL-Ira (intracellular) (22). How-
ever, the monocyte molecule, although possessing a leader pep-
tide, is not completely secreted. Up to 50% of IL-Ira produced
by monocytes remains cell-associated at any time during syn-
thesis, while up to 80% of IL-Ira is found in the lysates of in
vitro-derived macrophages (23) and 50% in alveolar macro-

phages (Janson, R. W., and W. P. Arend, unpublished observa-

tions). Whether the cell-associated IL-Ira in keratinocytes,
monocytes, and macrophages is free in the cytoplasm or is
membrane bound, in part, has not been determined.

Binding ofIL-Ira to IL-1 receptors

IL- Ira appears to be a pure receptor antagonist, binding to IL-I

receptors but not activating target cells. Many laboratories
have examined the biological properties ofIL-ira over the past
year and no unequivocal agonist effects have yet been reported.
How IL- Ira functions as a receptor antagonist is not known as

it remains unclear how any of the three members of the IL-I

family bind to IL-I receptors. Human IL- Ira binds to the type I
IL-I receptor on murine EL4-6.1 cells with an affinity of

150 pM, equal to the binding of human IL-la and IL- 1,B
(25). In addition, human IL- Ira binds to human synovial cells
with a Kd of 200 pM, again identical to IL- la (26). However,
some evidence suggests that IL- Ira may not bind identically to

type I IL-I receptors in comparison to binding of IL-la or

IL-13 (26). Furthermore, IL-Ira does not induce receptor inter-
iorization after binding to EL4-6. 1 cells and fails to activate the
protein kinase responsible for down-modulation of the epider-
mal growth factor receptor (25).

Studies on structural mutants of IL-Ia, IL-13, and IL-Ira
indicate the relative nature of agonist or receptor antagonist
properties. A conversion of Arg to Gly at residue 127 in the
mature IL-13 molecule reduced binding affinity by only 25%
while IL-I bioactivity decreased 100-fold; thus, a relative IL-I

receptor antagonist was generated by this mutation (27). In a

similar fashion, conversion of Asp to Tyr at residue 151 in
human ILT a led to no change in binding affinity but produced
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a variable decrease in bioactivity, depending on the assay (28).
Conversely, a point mutation of Lys to Asp at residue 145 in
human IL- Ira produced a partial agonist for both T cells and
fibroblasts (29). However, this mutant IL-lra molecule was still
100- to 1,000-fold less active as an agonist in comparison to
IL-la or IL- fl. Thus, it is likely that multiple residues are
involved in receptor binding of these three forms of IL- 1, or in
induction of biological responses by IL-la or IL-Il. A single
point mutation may influence these properties by removing
one contact point or by changing the tertiary structures.

Two unrelated IL- I receptors exist on human cells: type I,
an 80-kD single chain protein on T cells, fibroblasts, endothe-
lial cells, and other cells; and type II, a 60-kD single chain
protein present on B cells, neutrophils, and macrophages. Hu-
man type I IL-I receptors bind human IL-la, IL- ,l, and IL-Ira
with equal affinity, while type II IL-I receptors bind IL- I with
greater avidity than IL-la or IL-Ira (S. K. Dower, personal
communication). Human IL-Ira has been shown to bind to
type II IL-I receptors on human PMN and Raji human B lym-
phoma cells, although much less avidly than IL-la or IL-I#
(30). There are species differences, however, as human IL-Ira
binds to murine type II IL-I receptors very weakly, if at all (14,
31). These and other properties ofrecombinant IL-Ira are sum-
marized in Table III.

IL-Ira production

The observation that the same population of human mono-
cytes produces both the agonists IL-la and IL-IB as well as
IL-Ira raises the question ofwhether production ofthese appar-
ently opposing molecules is differentially regulated. That a sin-
gle monocyte can synthesize both IL-I and IL-Ira simulta-
neously has not been proven, but would appear to be likely
since myelomonocytic cell lines exhibit this capacity. During
maturation of monocytes into macrophages IL- Il production
is downregulated while IL-Ira production is greatly enhanced.
Recent studies have clarified the mechanisms of regulation of
production of IL-Ira by human monocytes. These studies have
been aided by the development of a specific ELISA for IL- Ira,
permitting quantification of this protein in fluids also contain-
ing IL-Ia or IL- IB(32).

Stimulation of monocytes with LPS or culture on adherent
IgG led to different patterns ofIL- I , or IL-I ra production (33).
LPS-stimulated monocytes produced near equal amounts of
IL-1I, and IL-Ira protein over 24 h in culture with parallel

Table III. Some Properties ofRecombinant IL-1 Receptor
Antagonist

Binds to human types I and II IL- I receptors (more avidly to type I)
(30)

Binding affinity to type I IL-I receptors equal to that of IL-la and

IL-1# (25, 26)
Fails to trigger receptor interiorization or to induce detectable

biological responses in target cells (25)
50% inhibition of IL-I biological effects in vitro requires 10- to 500-

fold excess amounts of IL-Ira (43)
Does not alter in vitro T cell responses to mitogens, antigens, or

allogeneic determinants (45)
Ameliorates various animal models of arthritis (49, 50), septic shock

(55-57), and inflammatory bowel disease (59)

steady-state mRNA levels. In addition, transcriptional rates
and mRNA stability were similar for both IL-13 and IL- I ra in
LPS-induced monocytes. However, monocytes cultured on ad-
herent IgG exhibited low levels ofIL- I3 transcription but failed
to synthesize any detectable protein. In contrast, IgG-stimu-
lated monocytes exhibited a high and prolonged rate of IL-lra
protein production due both to enhanced transcription and
prolonged mRNA stability (33). These effects ofIgG appeared
to be Fc receptor-specific (34), although which Fc receptor is
involved has not been determined. The results of additional
studies further emphasize the different regulatory patterns of
IL-lI# and IL-lra production by monocytes (35). The presence
of 1% AB serum, soluble IgG, or GM-CSF all enhanced IL-lra
production but not that of IL-lfi. In addition, nonadherent
monocytes produced less IL- 1ra but the same amounts of IL-
1,B. The mechanisms responsible for this different, and possibly
differential, regulation of IL-l,8 and IL-lra production by
monocytes remain to be more completely determined.

The mechanisms oftranscriptional regulation ofIL- I ra pro-
duction by monocytes are being approached in ongoing studies
(36). 1,680 bp of5'-flankingDNA forthe IL-lragene have been
isolated, mapped, and sequenced. The results of initial studies
indicate that DNA elements responsible for both baseline and
LPS-induced expression ofIL- I ra are located in the most prox-
imal 294 bp ofthe IL-lra promoter (36). Additional studies are
necessary to delineate the specific DNA sequences that both
bind regulatory proteins and exhibit function. A comparison
will be made with similar studies being performed on regula-
tion of IL-1,B transcription to explore whether a differential
mechanism may exist.

What other stimuli induce IL- I ra production in monocytes
and what other cells synthesize this protein has not yet been
completely determined. As was observed with myelomono-
cytic cell lines, differentiation of human monocytes by PMA
and/or GM-CSF enhanced IL-lra production (37, 38). Adher-
ent monocytes differentiated in vitro into macrophages pro-
duced large amounts of IL-lra without any further stimulus
(23). Furthermore, these in vitro-derived macrophages were no
longer responsive to LPS or to adherent IgG (23). The results of
recent studies indicate that IL-3 (39) and transforming growth
factor ft (TGFB) (40) also induce IL-lra production in freshly
isolated human monocytes. However, the presence of TGF,
during monocyte differentiation into macrophages in vitro ap-
pears to downregulate IL-lra production (Lotz, M., and W. P.
Arend, unpublished observations). The effects of other cyto-
kines on monocyte production ofIL- 1 ra remain to be systemat-
ically examined.

In addition to in vitro-derived macrophages, alveolar mac-
rophages (AM) (41) and synovial tissue macrophages (42) also
produced IL- lra. IL-lra production by AM was modestly en-
hanced by GM-CSF but, unlike peripheral monocytes, these
cells failed to respond to LPS or adherent IgG (Janson, R. W.,
and W. P. Arend, unpublished observations). Thus, during dif-
ferentiation from monocytes into macrophages in vitro or in
vivo, the ability of these cells to enhance IL-lra production
after stimulation with LPS or adherent IgG has been lost. The
mechanisms responsible for this alteration in cell function have
not been established. AM obtained from patients with intersti-
tial lung disease produced more IL-lra than AM from non-
smoking or smoking normal donors, suggesting that these cells
may have been activated in vivo. Thus, IL-lra is a major prod-
uct oftissue macrophages, particularly in disease states. Lastly,
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cultured human peripheral neutrophils also contained both
mRNA and protein for IL-Ira at 5% of the amount per cell
observed in monocytes (Malyak, M., and W. P. Arend, unpub-
lished observations).

The production of IL-Ia and the variant IL-Ira by keratin-
ocytes also appear to be regulated differently (24). Keratino-
cytes produced 390 ng IL-Ira/mg total protein, nearly equiv-
alent to IL-Ira production by monocytes (a 300 ng IL-Ira/mg
total protein). During differentiation of keratinocytes by cul-
ture in increasing concentrations of Ca", IL-Ira production
increased more than twofold while IL- Ia and IL-I production
remained unchanged. During differentiation the ratio ofIL-Ira
to IL-Ia in keratinocytes increased from 12 to over 25 (24).
Lastly, IL-Ira extracted from keratinocytes exhibited identical
biological activity per weight in comparison to recombinant
monocyte IL-Ira.

In vitro properties ofIL-ira
The effects of unpurified or purified preparations of native IL-
Ira on blocking of various IL-I-induced cell responses have
been summarized in Table I. Additional information about
IL-Ira functions in vitro have resulted from studies using the
recombinant IL-Ira molecule. Most of the inhibitory effects
observed with native IL-Ira have been confirmed with the re-
combinant molecule, indicating that possible contaminants in
the native IL-Ira preparations were not responsible for these
observations.

One universal theme that has emerged from recent studies
is that excess amounts of IL-Ira over IL-I must be present in
various in vitro systems in order to yield 50% inhibition of
IL- I-induced responses (43) (Table III). This observation prob-
ably reflects the fact that occupancy of a small number of IL- I
receptors on a target cell is sufficient to induce a complete
biological response. Because of this exquisite sensitivity to tiny
amounts of IL-i, excess amounts of the receptor antagonist
must be present in order to flood the system. The ratio of IL-
Ira to IL-I necessary to block 50% of IL-I responses in vitro
varies between 10 in rheumatoid synovial cells to over 500
for IL-I-dependent cell lines such as DIO.G4. 1 and LBRM.33.
This variation probably reflects both the relative affinities of
these molecules for IL- I receptors on each target cell as well as

the relative abilities ofthe cells to mount a biological response.
Another important observation is that human IL-Ira ap-

pears not to affect human T cell responses in vitro. In contrast

to the results ofstudies with murine Th2 clones (44), IL-Ira did
not inhibit the proliferation ofhuman peripheral blood T cells
induced by mitogen, soluble antigens, or allogeneic determi-
nants (45). This result suggests that IL-I may not be a necessary
accessory molecule for proliferation ofhuman T cells in vitro.
These in vitro experiments need to be confirmed by similar in
vivo studies. If IL-Ira exhibits an absence of effects on human
T and B cell responses in vivo, its usefulness as a therapeutic
agent in human diseases may be enhanced.

In vivo effects ofIL-Ira
As stated earlier in this review, one of the important unan-

swered questions about IL-I relates to its role in normal physiol-
ogy. Although IL-I is produced by many cells in vitro, its true
role in functioning of the intact organism remains unclear. A
second unanswered question concerns the relevance of IL-I to

pathophysiology of various diseases. IL-I is one ofmany cyto-
kines possibly produced in excess in infectious, inflammatory,

or autoimmune human diseases. Although IL-I certainly has
the potential to mediate events of tissue destruction, its pri-
mary role in this regard has not been established. Because ofthe
redundant and overlapping nature of the cytokine network,
inhibition of IL-I effects in vivo may not be sufficient to alter
disease processes. The availability of recombinant IL-lra al-
lows these important questions to be examined, first in animal
models of disease and ultimately in human diseases.

The possible role of various cytokines and their inhibitors
or antagonists in rheumatoid arthritis has recently been re-
viewed (46, 47). In recent in vitro studies, IL- Ira blocked IL- I-
induced degradation ofproteoglycans and inhibition ofglycos-
aminoglycan synthesis in bovine nasal cartilage explants (48).
In addition, rabbits given an intraarticular injection of IL-1,8
and then an intravenous injection of IL-Ira exhibited de-
creased leukocyte migration into the inflamed joint and re-
duced proteoglycan release from the articular cartilage (49).
Lastly, IL-Ira blocked type II collagen-induced arthritis in
mice but not antigen-induced arthritis (50). These results indi-
cate that IL-Ira may modify some animal models of acute ar-
thritis but not others, suggesting some variation in a possible
primary role for IL- I in these disease models.

Unfortunately, no animal model of arthritis exactly resem-
bles RA, primarily in the waxing and waning nature and chro-
nicity of the human disease. Therefore, there is no substitute
for direct observations on the human disease. IL-Ira was found
in the urine of children with juvenile RA, particularly during
periods of fever (51). One-half or more of patients with active
RA exhibited high synovial fluid levels ofIL-Ira in the absence
of detectable IL- 1I3 (52). In addition, IL-I ra mRNA was pres-
ent in RA tissues, both in synovial lining cells and in perivascu-
lar lymphoid aggregates, and IL-Ira protein was produced by
cultured synovial tissue cells (42). The relevance ofthese obser-
vations to the pathophysiology of RA, or to the possible thera-
peutic application of IL-Ira in this disease, remains unclear.
IL-Ira in rheumatoid synovial fluid may not influence events
in the tissue at the pannus-cartilage interface.

Both tumor necrosis factor a (TNFa) and IL-I have been
incriminated as mediators of inflammation in septic shock.
The results of recent studies on the effects of IL- Ira in animal
models of this disease suggest that IL-I may play a primary
role. IL-Ira coinjected with LPS or IL-I into the trachea of rats
reduced the acute inflammatory response; moreover, LPS in-

jected alone led to endogenous IL-Ira mRNA production by
the lung (53). IL-Ira also blocked LPS-induced colony-stimu-
lating factor production and early endotoxin tolerance in mice
(54). Three recent studies showed ameliorative effects ofIL-Ira
in septic shock in rabbits (55, 56) or mice (57). Fig. 1 repro-
duces data from reference 55 indicating the marked improve-
ment in mortality from endotoxin-induced shock in rabbits
after administration ofIL- I ra. What was not established by any
of these studies was how long after induction of septic shock
IL-Ira could be administered and beneficial effects still be seen.

Endotoxin injection of normal volunteers led to the appear-
ance of circulating IL-I inhibitor bioactivity (58); so IL-Ira
may normally be synthesized in response to infections.

IL-Ira may also have relevance to two other human dis-
eases, inflammatory bowel disease and chronic myelogenous
leukemia. IL-Ira reduces inflammation and tissue destruction
in a rabbit model ofcolitis induced by the instillation offorma-
lin and immune complexes into the colon (59). Whether ad-
ministration of IL-Ira will alter the course of this chronic hu-
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100 mg/kg BW
,7 30 mg/kg BW
10 mg/kg SW

Saline

0 12h 24h 36h 48h 7d

Time Post-endotoxin treatment

Figure 1. The effect of IL-Ira on the
survival rate in endotoxin-induced
shock in rabbits. IL-Ira was injected
in equal dosesjust before the injec-
tion of endotoxin (E. coli 026,B26;
Sigma Chemical Co., St. Louis, MO)
and every 2 h thereafter for 24 h.
The rabbits were not anesthetized
but were under constant observation
for 48 h and were then observed
during the daytime for up to 7 d.
The animals had free access to water
and food. Injections and blood sam-
pling were made through the ear
veins. BW, body wt; d, days. (Re-
printed by permission. Nature
[Lond.]. 348:550-552. Copyright [C]
1991 Macmillan Magazines, Ltd.)

man inflammatory disease remains to be determined. Lastly,
the growth ofacute myelogenous leukemia cells in vitro may be
enhanced by the autocrine and paracrine production of IL-l
and GM-CSF. In one preliminary study, IL-Ira inhibited by
30-85% both the spontaneous and IL-I-induced proliferation
of leukemic blast cells from 12 patients (60). The effect of IL-
1 ra on growth ofchronic myelogenous leukemia cells in vitro is
currently being studied.

The in vivo studies summarized above all concern the possi-
ble therapeutic usefulness ofIL-lra in human diseases. A sepa-

rate issue is what can IL-lra clarify about the possible role of
IL-1 in normal physiology? In addition, what is the role of
IL-lra in normal physiology? One example may come from a

study ofbrain function. IL- I is produced by normal brain cells
in vivo and may regulate non-rapid-eye-movemnent sleep
(NREMS) as well as body temperature. Administration of IL-
lra into the lateral ventricle of rabbit brains reduced spontane-
ous NREMS sleep activity as well as blocked IL-l-induced
NREMS and fever (61). These fascinating observations suggest
that the balance between IL-I and IL-lra may influence central
nervous system events in vivo.

The skin represents another organ where some information
exists on the presence of IL-1 and IL-lra, although functional
relevance remains unclear. Cultured keratinocytes synthesized
large amounts of precursor 31-kD IL-la and 18-kD IL-lra,
both of which remained intracellular (24). In recent studies
IL- 1 ra was found in large amounts in extracts of normal skin,
in 100-fold higher concentrations than IL-la (62). The IL-

lra was concentrated in the stratum granulosum of normal
skin, consistent with the presence of more differentiated cells.
Interestingly, IL-lra levels were slightly lower in skin lesions of
psoriasis patients but IL-I a levels decreased more dramatically
so that the ratio of IL-lra to IL- la in psoriatic skin exceeded
1,000 (62). This alteration in cytokine production in psoriatic
skin may play a primary role in the abnormal differentiation of
epithelial cells in this disease.

Summary
This review has summarized recent information derived from
many laboratories on the discovery, characteristics, and proper-

ties ofa new member of the IL- I family, IL- receptor antago-
nist. In addition to information, an emphasis has been placed
on unanswered questions and new concepts. The existence of
this first-described naturally occurring specific cytokine recep-

tor antagonist may lead to a different perspective on the cyto-
kine network.

A major unanswered question emphasized throughout this
review, that now can be addressed more directly, concerns

what are the physiological roles ofmembers ofthe IL-I family.
Although IL- Ij is presumed to function primarily as an extra-

cellular cytokine, this molecule lacks a leader peptide, is synthe-
sized and handled by the cells in a manner suggestive of a

cytoplasmic (not secretory) protein (63), and may only be re-

leased after cellular injury (64). Furthermore, although IL-lra
possesses a leader sequence, 50% or more of this protein re-

mains cell associated. Do these observations suggest that
members of the IL-l family possess important intracellular
functions, as yet undetermined?

IL-la may play an intracellular role in regulating sene-

scence; an IL- a antisense oligodeoxynucleotide was shown to

prolong the life span of cultured human endothelial cells (65).
Whether intracellular IL-lra plays a role in influencing life
span has not been determined. The discovery of IL-lra has led
to a first level of assumptions that this molecule may be func-
tioning in vivo to regulate the pleiotropic extracellular effects
of IL-l in physiological or pathophysiological processes. Al-
though enticing, these assumptions have not yet been proven

to be true. Perhaps we need to look beyond, or within, and
consider that IL-lra and other members ofthe IL-l family may
have additional roles in normal or abnormal cell growth and
development.
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