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SUMMARY: Stimulation of mouse peritoneal macrophages by
Interleukin-one (IL-1) provoked rapid increases in the levels of
inositol mono, bis, tris and tetrakisphosphates (IP.,, IP,, IP, and
IP, respectively). IP, was by far the major metabo%ite %ormeé and
time course studies reVealed that IP, and IP, were formed more
rapidly than IP, and IP, in response”to IL-1"stimulation. The

IP, and IP, levEls peakéd at five seconds while there was a time
lag of fivé seconds in the IP, response and the IP, levels
increased relatively steadily over the time course of the
experiments. Levels of IP, , IP, and IP, all returned almost to
control levels by 60s. T%e rapid forma%ion of the inositol
phosphate metabolites was concomitant with a decrease (84%) in the
levels of phosphatidyl-inositol 4,5-bisphosphate (PIP,) in the
macrophages. These results suggest that the mechanism of IL-1
receptor activation is by the rapid hydrolysis of
phosphoinositides and generation of the second messenger IP3.
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There is now considerable evidence to suggest that
interleukin-one (IL-1) may be a major contributor to the joint
destruction associated with rheumatoid arthritis (1,2). Accessory
cells of the monocyte-macrophage series are a major source of this
cytokine which mediates a diverse range of biological effects
including the induction of pyrogenicity (3), fibroblast
proliferation (4), lymphocyte activation (5), synthesis of hepatic
acute proteins (6) and stimulation of collagenase and
prostaglandin release from synovial cells (7). The biochemical
mechanism of IL-1 receptor activation however remains obscure.

Many biologically active molecules such as hormones and
neurotransmitters operating on cell surface receptors activate a
phosphodiesterase enzyme (phospholipase C) which hydrolyses
phosphatidylinositol 4,5-bisphosphate (PIP2) to produce the
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metabolite inositol 1,4,5-trisphosphate (IP3) as well as

diacvlglvecerol (DAG). Both DAG and IP3 have been shown to act as

second messengers with DAG activating protein kinase C (8) while
IP3 causes the release of Ca2+ from the endoplasmic reticulum
(9,10).

The purpose of the present study was to investigate whether
the biochemical mechanism of IL-1 receptor activation in murine
macrophages involved the formation of inositol phosphates as
second messengers and the results provide the first evidence that

this indeed is the case.

MATERTALS AND METHODS

Materials Dowex (formate) AG~1x8 ion exchange resin was obtained
from Bi?rad Laboratories Ltd., Watford, Herts, U.K.

myo [2-"H] Inositol (S.A. 16.6 Ci/mmol) was obtained from Amersham
International, UK as were labelled inositol phosphate standards
used in the standardisation of the ion exchange columns.
Interlieukin-1 was obtained from Genzyme, UK. RPMI-1640 culture
medium, antibiotics and 35mm culture dishes were all obtained from
Flow Laboratories, Rickmansworth, UK. Ecoscint scintillator was
obtained from B.S. & S. (Scotland) Ltd., Edinburgh, UK. All other
chemicals were of analytical grade.

Isolation and labelling of macrophages. Mouse resident peritoneal
macrophages were obtained by peritoneal lavage of CBA mice with
sterile phosphate buffered saline (PBS). The cells were washed
three times with RPMI-1640 medium befgre being resuspended in 35mm
culture dishes at a density of 3 x 10 cells/ml in complete medium
consisting of RPMI-1640 containing foetal calf serum (5% v/v),
penicillin 100 U/ml), streptomycin (100ug/ml) and Hepes (10 mM).

The dispersed cells were incubated for 2h at 37°C in an
atmosphere of 5% CO, in air. Non~adherent cells were removed and
to each dish was thén added 1lml of complete medium containing
radiocactive myo-inositol (20uCi). The cells were incubated for a
further 72h. Thereafter the cells were washed with PBS containing
lithium chloride (10 mM) and inositol (1 mM) in order to remove
radioactive inositol not taken up by the cells. Finally the cells
were allowed to equilibrate for 30 min at room temperature in
fresh serum free RPMI-1640 medium containing lithium chloride
(10mM) prior to the start of the experiment.

Measurement of IBH] inositol phosphates. Cells were stimulated
with 2 units of IL-1 at room temperature for fixed periods of time
between 0 and 60 seconds. Control cultures contained radioactive
inositol but with no addition of IL~1. The incubations were
terminated rapidly after the appropriate time by the addition of
ice cold trichloroacetic acid (TCA) solution (10%). Removal of
the TCA followed by sample preparation and subsequent ion exchange
chromatography were carried out according to the procedures of
Berridge et al (11) as modified by Downes et al (12). Aliquots
(0.5m1) of the eluants from the Dowex (formate) ion exchange
Chromatography columns which corresponded to the metabolites IP,,
IpP,, IP, and IP, (determined using standards) were assessed for
raaioac%ivity by dissolving in Ecoscint Scintillator (4ml) and
measuring the radiocactivity in a Packard tri-carb 1500
scintillation counter.
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Measurement of [3H] phosphatidylinositol 4,5-bisphosphate.
Inositol phospholipids were extracted according to the method of
Mallows et al (13). Separation of the phospholipids was achieved
by reversed phase thin laver chromatography on silica gel
impregnated with 1%~potassium oxalate (14).

RESULTS

It can be seen from Figure 1 that IL-1 induced xapid
formation of the phosphatidyl inositol metabolites IPl, IPZ’ IP

3
and IP Within 5s,

4 in murine macrophages. a rise of almost 4-fold

160} |P1 160} IPZ
S 140+ - op
E z
S S
s 5
51201 se 120L
1 J — 1'99 ¢ ]
1000 20 40 60 0 20 40 60
5001 180
IPs 1P
4OOL 160}
E E
5 5
O 3001 O 140F
5 k)
e B
200} 120+
0 1 101“,\ [ Il )
10 0 50 40 60 0 20 40 60
Time [secl Time lsec|
Fig. 1. Time course of [3H] inositol phosphate formation in

murine macrophages following
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Fig. 2. Time course of the hydrolysis of [3H] PIP, in murine
macrophages following stimulation with in%erleukin-l.
Each point represents the mean + SEM of four experiments
carried out in duplicate.

was observed in the major second messenger metabolite IP3 while a
1.5-fold increase in IP2 was evident. A 1.7-fold increase in IP4
synthesis was also observed, although in the case of this
metabolite it did not reach its maximum until 10s after the
addition of IL-1. All three metabolites IP2, IP3 and IP4 returned
almost to control levels by 60s whereas the IPl continued to rise
throughout the experiment without showing any maximum value.

PIPZ’
metabolites demonstrated a dramatic 84% decrease from control

the immediate precursor of all the above sequence of

levels after 5s (Figure 2) and thereafter a slight elevation

occurred during the remainder of the experiment.

DISCUSSION

The production of the cytokine IL-1 by cells of the
monocyte-macrophage series initiates a series of inflammatory
processes and plays a number of important roles such as T
lymphocyte activation (15). The compound exists in two main
forms, IL-1 and IL-1 (16) and recent evidence suggests that both
forms share the same receptor (16,17). Although the biological
responses of IL-1 are well documented, information concerning IL~-1
receptor activation and the biochemical transmembrane signalling
events are poorly understood.

A great variety of external signals use the inositol lipid
transduction mechanism to convey information into the cell (18)

and the results of the present study demonstrate that this is
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probably the case in the IL-1 stimulation of murine macrophages.
The major second messenger of the above mechanism is IP3 and since
this is maximally stimulated (4-fold) by IL-1 in macrophages
within five seconds, it would suggest that the mechanism of action
of IL-1 (at least in part) involves mobilisation of calcium ions,
now regarded universally as the principal effect of IP3. It is
interesting to note that stimulation of the other inositol
polyphosphates IP2 and IP4 peaked at five and ten seconds
respectively indicating that these may also play a role as second
messengers in macrophages. The mechanism by which these compounds
perform their second messenger function remains obscure although
Irvine and Moor (20) have suggested that in sea urchin eggs, I%
may control cellular Ca2+ homoeostasis at the plasma membrane.
Such a mechanism would be in keeping with the delayed response in
IP4 secretion observed in the present study.

The decrease in PIP2 in the macrophages at five seconds,
concomitant with IP3 and IP2 stimulation, suggests that IL-1
receptor activation causes the rapid hydrolysis of PIP2 by
activation of phospholipase-C and the fact that PIP2 levels begin
to rise again after five seconds would indicate that very rapid
depletion of PIP2 occurs before it can be replenished by synthesis
via PI and PIP. Additional evidence for this latter suggestion
arises from the delayed formation of IP, which shows that, at
least at very early times, IL-1 does not induce phospholipase~C
mediated hyrolysis of PI. Similar pathways of inositol
phospholipid metabolism following receptor activation have been
observed in other tissues (11,19). Further studies are in
progress to determine whether a similar mechanism of IL-1 receptor

activation occurs in other cell types.
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