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Calcitonin gene-related peptide inhibits lipopolysaccharide-induced interleukin-12
release from mouse peritoneal macrophages, mediated by the cAMP pathway

J. LIU, M. CHEN & X. WANG [nstitute of Vascular Medicine, The Third Hospital, Beijing Medical University, Beijing, China

SUMMARY

Previously we showed that calcitonin gene-related peptide (CGRP), a neuropeptide, inhibited
lipopolysaccharide (LPS)-induced tumour necrosis factor-o (TNF-o)) production and increased
interleukin (IL)-6 release at low concentrations via activation of the cAMP pathway in mouse
peritoneal macrophages (M¢). In this study we examined whether CGRP could modulate 11.-12
release from mouse peritoneal M¢, and if so, what signal transduction pathway was involved. M¢
were obtained from the peritoneal exudate of male BALB/c mice. The cells were plated on culture
dishes at a density of 5 x 10° cells per well and allowed to adhere for 2 hr. After incubation for 24 hr,
the M¢ were cultured with 0-1 pg/ml of LPS, alone or together with CGRP (1-1000 nwm) for 24 hr.
The amount of IL-12 in the cell medium was measured by enzyme-linked immunosorbent assay
(ELISA). The results showed that CGRP attenuated LPS-induced IL-12 release in a concentration-
dependent manner. Production of IL-12 was decreased from 95-:9+4:6 to 73-4+5-7 pg/ml by
100 nm CGRP. The two cAMP phosphodiesterase (PDE) inhibitors, 3-isobutyl-1-methyl-xanthine
(IBMX) and rolipram, significantly potentiated the CGRP response, and the level of IL-12 was
further decreased by 28% and 47%, respectively. However, CGRP had no effect on IL-12
production from unstimulated M¢. The LPS-induced IL-12 release from M¢ could also be reduced
by forskolin, an activator of adenylate cyclase, and 8-Br-cAMP, an analogue of cAMP. Using the
reverse transcription—polymerase chain reaction (RT-PCR), we found that CGRP also decreased
the LPS-induced IL-12 p40 mRNA levels. Furthermore, pretreatment with H89 (0-1 um or 1 um),
an inhibitor of cAMP-dependent protein kinase, diminished CGRP effects, IL-12 production and
gene expression. These data suggest that LPS-induced IL-12 release and gene expression were
attenuated by CGRP via an activated cAMP-protein kinase A (PKA) pathway in mouse peritoneal

Mo.

INTRODUCTION

Interleukin (IL)-12, a heterodimeric cytokine produced mainly
by monocytes/macrophages (M¢), is a central inducer of cell-
mediated immunity that promotes the development, prolifera-
tion and function of T helper 1 (Thl) cells.! Th1 cells promote
the activation and function of natural killer (NK) cells, T-
cytotoxic cells and monocytes/M¢, which are the principal
effectors of cellular immunity.? In the absence of IL-12, a T
helper 2 (Th2) response develops.>* Therefore, the modulation
of IL-12 production during an immune response is crucial for
the outcome of some diseases. Endogenous inhibitors of 1L-12
production are IL-10, IL-4, IL-13, transforming growth factor-
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B (TGF-P) and the components of the complement system.>*

Excessive production of IL-12 may be involved in the
pathogenesis of autoimmunity. For example, a recent study
indicated that the stimulation of IL-12 secretion by microbial
products was the crucial factor for proliferation and differ-
entiation of pathogenic autoreactive Thl effector cells in
experimental allergic encephalomyelitis.” TL-12 also induced
tissue- or organ-specific inflammatory responses in insulin-
dependent diabetes mellitus of non-obese diabetic (NOD)
mice® and type II collagen-induced arthritis in DBA/1 mice.’
Conversely, IL-12 deficiency has been documented in tubercu-
losis and human immunodeficiency virus (HIV) infections.°
Calcitonin gene-related peptide (CGRP) is a 37-amino acid
peptide widely distributed in the central and peripheral nervous
systems, mainly in sensory nerves.!' As sensory nerve endings
are in close contact with components of the immune system, the
immune functions may be affected by CGRP released from
sensory nerve endings. Specific receptors for CGRP are present
in T and B lymphocytes, as well as in M¢.'>'* CGRP has been
shown previously to modulate a number of immune functions,
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i.e. to inhibit mitogen-stimulated T-lymphocyte prolifera-
tion'>!® and to diminish human peripheral blood mononuclear
cell (PMBC) function.!” It has also been shown that CGRP
inhibits the killing activity of NK cells'® and IL-2-activated
lymphocytes in mice.® Previously we have shown that CGRP
can inhibit lipopolysaccharide (LPS)-induced tumour necrosis
factor-o. (TNF-o) production®® and increase IL-6 release, at
low concentrations, via activation of the cAMP pathway, in
murine peritoneal M¢.2! LPS and granulocyte-macrophage
colony-stimulating factor (GM-CSF)-induced release of IL-10
is augmented by CGRP in M¢ and the Langerhans’-like cell
line, XS52, but the B7-2 expression and IL-1f production are
suppressed.”> CGRP also profoundly inhibits the ability of M¢
to produce H,O5 in response to interferon-y (IFN-y).2*> When
CGRP is present during the culture of human PBMC, the level
of IL-12 p40, which is one of the two unrelated and disulphide-
linked subunits, is decreased by = 30%.2* A suppressive effect
of CGRP on the LPS-stimulated and unstimulated expression
of IL-12 p40 mRNA in the Langerhans’ cell-like cell line,
XS52, and peritoneal M¢ has also been reported.?? However,
to our knowledge there have been no reports regarding the
signal transduction mechanism of CGRP on IL-12 release from
M¢. The purpose of the present study was to investigate the
cellular mechanism of CGRP on IL-12 release from mouse
peritoneal M¢. Our data indicated that CGRP inhibited LPS-
induced IL-12 production and gene expression, which were
mediated by the cAMP-protein kinase A (PKA) pathway in
mouse peritoneal M¢.

MATERIALS AND METHODS

Animals

The treatment of the laboratory animals and experimental
protocols of the present study adhered to the guidelines of
Beijing Medical University and were approved by the
Institutional Authority for Laboratory Animal Care. All
experiments were carried out in healthy, male BALB/c mouse
(6-8 weeks old; weight 18-22 g). Animals were obtained from
the animal laboratory of Beijing Medical University and
housed in wire-mesh cages at an ambient temperature of 22°,
under conditions of 12-hr light/12-hr dark and fed food and
water ad libitum, for 1-2 weeks prior to all experiments.

Preparation of M¢

M¢ were obtained from the peritoneal exudate of male BALB/c
mice. The cells were plated on 24-well plate culture dishes at
density of 5x 10° cells/well in 1 ml of RPMI-1640 containing
10% fetal bovine serum and antibiotics (100 ug/ml of
streptomycin and 100 units/ml of penicillin G) at 37° in a
humidified atmosphere of 5% CO, and 95% air. M¢ were
allowed to adhere for 2 hr and then washed three times with
RPMI-1640. The cells were incubated for 24 hr with one
change of RPMI-1640 before beginning the formal experiment.

Measurement of IL-12 levels by enzyme-linked immunosorbent
assay

Unless otherwise indicated, the M¢ were incubated with
0-1 pug/ml of LPS alone or with CGRP (1-1000 nm) for 24 hr.
In some experiments, human (h)CGRPg_3; (5 um), an
antagonist of CGRP, receptor, was added along with CGRP
(100 nm) to study its blocking effect on CGRP. In another

experiment, two inhibitors of cAMP phosphodiesterase (PDE),
3-isobutyl-1-methyl-xanthine (IBMX) and rolipram, were
added at 10 um and 30 um, respectively, 30 min before
stimulation with CGRP (10 nm). In addition, H89, an inhibitor
of cAMP-dependent protein kinase, was added at 0-1 um and
I um 30 min before stimulation with CGRP 100 nm. The
effects of 1 um forskolin, an activator of adenylate cyclase, and
1 mm 8-Br-cAMP, an analogue of cAMP, were also tested on
LPS-induced IL-12 production. The medium was harvested for
measurement of IL-12 by mlIL-12 ELASA kit (Biosource
International Inc., Camarillo, CA), which can measure 1L-12
levels in the range of 7-8-500 pg/ml. The BioSource Inter-
national Cytoscreen® Mouse Interleukin-12 (mIL-12) enzyme-
linked immunosorbent assay (ELISA) recognizes both natural
and recombinant murine IL-12, as well as the free p40 subunit.

RNA preparation and reverse transcription—polymerase chain
reaction (RT-PCR) for IL-12 mRNA
Mouse peritoneal M¢ were cultured in 90-mm dishes for 24 hr.
They were then cultured for 5 hr in medium containing 0-1 ug/
ml of LPS in the presence or absence of 100 nm CGRP. RNA
was extracted from the cells using a method described
previously.”® Total RNA was isolated from M¢ by acid
guanidium thiocyanate—phenol-chloroform extraction®® and
treated with DNase to eliminate contaminating genomic DNA.
The purified RNA was confirmed by visualization of the 28 S
and 18 S ribosomal RNA bands after electrophoresis of RNA
through a 1% agarose—formaldehyde ethidium bromide gel.
The RT reaction was conducted by heating 4-0 pug of total
RNA, 0-2 ug of oligo dT, 24 U RNasin (RNase inhibitor) and
10 U AMV in a total reaction volume of 25 pl. This mixture
was incubated at 42° for 1 hr. The reaction was terminated by
heating at 95° for 5 min. The primers used were synthesized by
Sybersyn Biology Company (Beijing, China) and are as
follows: mouse IL-12 p40 (5-GAAGTTCAACATCAAGAG-
CAGTAG-3" and 5-AGGGAGAAGTAGGAATGGGG-
327); mouse IL-12 p35 (5-GACTTGAAGATGTACCAGA-
CAG-3’ and 5-GAGATGAGATGTGATGGGAG-3'); and
mouse B-actin (5-“GTGGGGCGCCCAGGCACCT-3' and 5-
CTTCCTTAATGTCACGCACGATTG-3"). By performing
the RT reaction with different numbers of cycles (10, 20, 30,
40 and 50), we demonstrated that 30 cycles represented the
linear part of the RNA amplification. PCR amplification for
IL-12 p40 was performed by using 30 cycles comprising 1 min
of denaturation at 94°, 1 min of annealing at 55° and 1 min of
extension at 72°. PCR amplification for IL-12 p35 was
performed by using 30 cycles comprising 1 min of denaturation
at 94°, 1 min of annealing at 55° and 2 min of extension at 72°.
PCR amplification for B-actin was performed by using 30
cycles of 45 seconds of denaturation at 94°, 45 seconds of
annealing at 55° and 45 seconds of extension at 72°. Samples
were subjected to electrophoresis on 2% agarose gels, stained
with ethidium bromide and photographed. The intensities of
the IL-12 band were compared with B-actin as an internal
standard.

Chemicals and drugs

Synthetic CGRP (rat sequence, CGRP type I, CGRP-a)
and hCGRPg_3; were purchased from Bachem Compary
(Torrance, CA). RPMI-1640 was purchased from Gibco
Laboratories (Grand Island, NY), LPS (lipopolysaccharide B
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from Salmonella enteritidis)y was purchased from Difco
Laboratories (Detroit, MI). H89, forskolin and §-Br-cAMP
were purchased from RBI Co. (Natick, MA). All other
chemicals and drugs were purchased from Sigma Chemical
Co. (St. Louis, MO) and the Beijing Chemical Plant of China
(Beijing, China).

Statistical analysis

The results were expressed as the mean value + SEM. The data
were analysed using one-way analysis of variance (aNova) and
further analysed using the Student-Newman-Keuls’ test (for
multiple comparisons) or unpaired Student #-test (for means
between two groups). A P-value of <0-05 was considered
significant for differences between treatment group means.

RESULTS
Effect of CGRP on LPS-induced IL-12 release

LPS (0-1-10 pg/ml for 24 hr) caused a concentration-
dependent IL-12 release from mouse peritoneal M¢ (data
not shown). The time-course of the effect of CGRP on LPS-
induced IL-12 production from these cells was studied at 6, 12,
24 and 48 hr. The inhibitory effect of 100 nm CGRP on LPS-
induced IL-12 release was observed as early as 6 hr with a
maximal effect at 24 hr (Fig. 1). Therefore, the effect of LPS
and CGRP was studied in the present study only after 24 hr of
culture. When 0-1 pg/ml of LPS-treated M¢ was cultured in the
presence of CGRP, CGRP significantly inhibited LPS-induced
IL-12 release in a concentration-dependent manner. The 1L-12
level was reduced from 959+4+4:6 pg/ml to a low of
73-4+5-7 pg/ml by 100 nm CGRP (Fig. 2). However, CGRP
had no effect on IL-12 production from unstimulated Mé.
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Figure 1. Time-course of the effect of calcitonin gene-related peptide
(CGRP) on lipopolysaccharide (LPS)-induced interleukin-12 (IL-12)
production in mouse peritoneal macrophages (M¢). M¢ were
stimulated with LPS (0-1 pg/ml), in the presence or absence of
100 nm CGRP, and the supernatants were harvested at different
time-points. IL-12 released into the medium was assayed by using an
enzyme-linked immunosorbent assay (ELISA). The inhibitory effect of
CGRP on LPS-induced IL-12 release occurred as early as 6 hr after
addition of CGRP, with a maximal effect at 24 hr. The data shown
represent the mean+SEM. *P<0-05, compared with LPS alone at
same time-point; n=4 for each group.
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Figure 2. Effect of calcitonin gene-related peptide (CGRP) on
lipopolysaccharide (LPS)-induced interleukin-12 (IL-12) release from
mouse peritoneal macrophages (M$). M were incubated for 24 hr
with 0-1 pg/ml of LPS alone or with different concentrations (1—
1000 nm) of CGRP. The IL-12 released into the medium was assayed
by using an enzyme-linked immunosorbent assay (ELISA). CGRP
inhibited the LPS-induced IL-12 production in a concentration-
dependent manner. The data shown represent mean values + SEM.
*P < 0-05, compared with LPS alone; n=>5-7 for each group.

Effect of hCGRPg_ 37 on CGRP-diminished IL-12 production

In order investigate whether CGRP, receptor was involved in
the effect of CGRP on LPS-stimulated IL-12 production, 5 pum
hCGRPg_3;, an antagonist of CGRP; receptor, was used
15 min before the addition of 100 nm CGRP to M. The results
showed that hCGRPg_3; did not reverse the inhibitory effect
of CGRP on LPS-induced IL-12 release from the M¢. This
indicated that CGRP might act through CGRP receptors other
than the CGRP, receptor (Fig. 3).
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Figure 3. Effect of human calcitonin gene-related peptide 8-37
(hCGRPg_3;) on CGRP-diminished interleukin-12 (IL-12) release
from mouse peritoneal macrophages (M¢). hCGRPg_3; (5 um), an
antagonist of the CGRP; receptor, was added to M¢ 15 min before
100 nm CGRP, and stimulation with 0-1 pg/ml of lipopolysaccharide
(LPS) was carried out for 24 hr. The IL-12 level in the medium was
assayed by using an enzyme-linked immunosorbent assay (ELISA).
The effect of CGRP on IL-12 release was not abrogated by
hCGRPg_3; The data shown represent the mean value + SEM,
n=06 for each group.
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Figure 4. The cAMP phosphodiesterase (PDE) inhibitors potentiated
the calcitonin gene-related peptide (CGRP)-inhibitory effect on
lipopolysaccharide (LPS)-induced interleukin-12 (IL-12) release, and
forskolin or 8-Br-cAMP inhibited LPS-induced IL-12 release from
mouse peritoneal macrophages (M$). M¢ were pretreated with 10 um
IBMX or 30 um rolipram for 30 min, and then 0-1 pg/ml of LPS, with
100 nm CGRP, was added for 24 hr. In order to test the effect of
forskolin or 8-Br-cAMP on LPS-induced IL-12 release, M¢ were
stimulated with LPS alone (0-1 pg/ml) or with LPS and either 1 um
forskolin or 1 mm 8-Br-cAMP, for 24 hr. The IL-12 level in the medium
was assayed by using an enzyme-linked immunosorbent assay (ELISA).
The inhibitory effect of CGRP on LPS-induced IL-12 release was
significantly potentiated by the two cAMP PDE inhibitors. Both
forskolin and 8-Br-cAMP markedly suppressed the LPS-induced IL-12
release. The data shown represent mean values + SEM. *P<0-05
compared with the LPS + CGRP group, n=4 for each group; P <0-05
compared with LPS alone, n=4-6 for each group.

Role of cAMP and PKA in CGRP-diminished IL-12 release

To identify the second messenger involved in the inhibitory
function of CGRP, we investigated the effects of two cAMP
PDE inhibitors, IBMX and rolipram, on CGRP-diminished
IL-12 production. M¢ were pretreated with 10 um IBMX or
30 um rolipram for 30 min. The inhibitory effect of CGRP
100 nm on LPS-induced IL-12 release was significantly
potentiated by the two inhibitors, the level of IL-12 being
further decreased by =~ 28% and 47%, respectively. IBMX or
rolipram alone at the above concentrations did not affect the
LPS-induced IL-12 release from the cells. When 1 pm forskolin
or 1 mm 8-Br-cAMP was added for 24 hr to the M¢ culture
with 0-1 pg/ml of LPS, the LPS-induced IL-12 release was
decreased from 43-1+11-9 to 16:9+4'5 pmol/ml and from
43-14+11-9 to 6:141-9 pmol/ml, respectively (Fig. 4).
Furthermore, the effect of H89, a PKA inhibitor, was
investigated on CGRP-diminished IL-12 production. When
pretreated with H89 01 um or 1 pum for 30 min, the inhibitory
effect of CGRP 100 nm on LPS-induced IL-12 release from the
M¢ was significantly reversed (Fig. 5). These data suggested
that the cAMP-PKA pathway might mediate the CGRP effect
on LPS-induced IL-12 production from mouse peritoneal Mo.

RT-PCR analysis of IL-12 mRINA expression

Having demonstrated that CGRP had an inhibitory effect on
IL-12 production, we investigated whether this action occurred
at the mRNA level. M¢ were stimulated with 0-1 pug/ml of LPS
in the presence or absence of 100 nm CGRP and/or 1 um H89
for 5 hr. CGRP significantly inhibited the level of specific IL-12
p40 mRNA, which could be reversed by 1 um H89 (Fig. 6a,b).

Figure 5. Protein kinase A (PKA)-mediated calcitonin gene-related
peptide (CGRP) effect on lipopolysaccharide (LPS)-induced inter-
leukin-12 (IL-12) production. Macrophages (M) were pretreated with
H89 (0-1 um or 1 pum) for 30 min, and then 0-1 pg/ml of LPS, together
with 100 nm CGRP, was added to the M¢ for 24 hr. The IL-12 level in
the medium was assayed by using an enzyme-linked immunosorbent
assay (ELISA). The inhibitory effect of CGRP on LPS-induced IL-12
release was reversed by H89. The data shown represent the mean
values + SEM. *P <0-05, compared with the LPS + CGRP group; n="7
for each group.

However, the I1L-12 p35 mRNA level was not affected by
CGRP (Fig. 6¢). This result indicated that CGRP exerted its
action at the IL-12 p40 mRNA level through the PKA pathway
in the peritoneal M¢. Bands were quantified densitometrically
and expressed as mRNA ratio of IL-12 p40 to B-actin (internal
standard) in the same experiment (Fig. 6b).

DISCUSSION

These studies extend our prior observation regarding the
regulatory effect of CGRP on immune function. We showed
here that CGRP was potent in suppressing IL-12 production in
mouse peritoneal M¢ after stimulation with LPS. Our results
confirmed previous reports that CGRP inhibited IL-12 p40
production from PBMC.?* However, our data showed that the
inhibitory effect of CGRP on IL-12 release occurred as early as
6 hr after addition of 100 nm CGRP, with a maximal effect at
24 hr, and that the CGRP effect was concentration dependent.

To fully understand the mechanism of CGRP action, it is
important to clarify which cellular transduction pathway is
involved in mediating the effect of CGRP on IL-12 production
from M¢. In the present study, the incubation of M¢ with
forskolin and 8-Br-cAMP, an enhancer and an analogue of
cAMP, respectively, suppressed LPS-induced 1L-12 produc-
tion. This suggests that both CGRP and forskolin or §-Br-
cAMP might mediate their actions through the same
intracellular pathway. This also confirmed the data that the
CGRP response was potentiated by the two potent c(AMP PDE
inhibitors, IBMX and rolipram. Furthermore, H89, a potent
selective inhibitor of PKA,?® reduced the inhibitory effect of
CGRP on IL-12 production and thus confirmed the role of the
cAMP-PKA pathway for CGRP function.

Previously we have shown that CGRP, at low concentra-
tions, can inhibit LPS-induced TNF-a production and increase
IL-6 release via activation of the cAMP pathway in murine
peritoneal M¢.?! It has been reported that CGRP can induce
cAMP accumulation in rat peritoneal M¢* and increase

© 2000 Blackwell Science Ltd, Immunology, 101, 61-67
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Figure 6. Reverse transcription—polymerase chain reaction (RT-PCR)
analysis of the calcitonin gene-related peptide (CGRP) effect on
interleukin-12 (IL-12) mRNA expression. Macrophages (M¢) were
stimulated with 0-1 ug/ml of lipopolysaccharide (LPS) in the presence
or absence of 100 nm CGRP and/or 1 um H89 for 5 hr. The mRNA
level of IL-12 p40 was reduced to a greater extent by CGRP in the
absence of 1 um H89 (a). However, the IL-12 p35 mRNA was not
affected by CGRP on stimulated M¢ (c). Bands were quantified
densitometrically and are expressed as mRNA ratio of IL-12 p40 to -
actin (internal standard) in the same experiment (b). This result was
representative of three similar, independent experiments.

adenylate cyclase in the murine M¢ cell line, p388 D1.%° There
is evidence to suggest that agents which increase cAMP level,
such as prostaglandin E2, cholera toxin, B,-agonist, histamin,
forskolin and db-cAMP, might cause a significant suppression

© 2000 Blackwell Science Ltd, Immunology, 101, 61-67

of IL-12 production.* In this study, we demonstrated for
the first time that the inhibitory effect of CGRP on LPS-
induced IL-12 production from mouse peritoneal M¢d was
mediated by the cAMP-PKA pathway.

Our results showed that CGRP inhibited LPS-induced
IL-12 p40 gene expression, which could be reversed by H89.
However, the 1L-12 p35 mRNA level was not affected by
CGRP. These data were consistent with the report by Torii
et al*® that CGRP reduced LPS-induced IL-12 mRNA
expression. We extended this observation, indicating that the
CGRP reduction of IL-12 p40 mRNA expression was
mediated through the cAMP-PKA pathway. The cAMP-
responsive element-binding protein (CREB) has been shown to
be activated by PKA.3® Therefore, CGRP might stimulate
cAMP-PKA and the CREB system to inhibit the expression of
IL-12 mRNA in mouse peritoneal M.

Although CGRP inhibited the LPS-induced IL-12 release,
it did not directly affect the basal IL-12 production from the
mouse peritoneal M. Most previous work has reported that
CGRP modulated the production of cytokines, such as IL-1p,
IL-10, IL-6 and TNF-a, from M¢ but required a stimulus such
as LPS or GM-CSF.?*?? In the present study, CGRP together
with LPS caused a significant decrease of 1L-12 secretion and
mRNA accumulation, and also shows that CGRP affects only
the activated M¢. Thus, the neuropeptide CGRP appears to be
merely a modulator of immune functions in mouse M.

In certain pathological conditions an abnormally high level
of CGRP may be associated with altered immune function. The
plasma level of CGRP in a rat endotoxin shock model was
elevated by fourfold at 30 min and elevated further to more
than 20-fold at 3 hr, the late stage of rat endotoxin shock.’’
Elevated levels of CGRP in the serum of endotoxin-treated rats
inhibited considerably the lymphocyte proliferation,'® suggest-
ing that CGRP, especially during the pathogenesis of endotoxic
shock, could have a profound inhibitory effect on lymphocyte
proliferation and perhaps also on other immune functions.

IL-12 also plays a role in pathological situations, such as
septic shock, tissue damage during inflammation and organ-
specific autoimmune diseases. IL-12 is produced principally by
M¢ and dendritic cells after stimulation with LPS, super-
antigens and parasitic antigens.*® Differentiation of CD4™"
T cells into Thl and Th2 cells, which have distinct cytokine
phenotypes, is dependent on a significant level of IL-12.%
CGRP clearly inhibits the functional capacity of IL-2-activated
lymphocytes to lyse tumour cells and also inhibits the growth of
Candida albicans."”® CGRP also inhibits the NK cell activity of
mice.'? Hence, these data suggest that CGRP might regulate
the killing function of NK cells and IL-2-activated lymphocytes
as well as other immune functions by acting, at least in part, on
the production of IL-12. Therefore, we anticipate that CGRP
may exert immunomodulatory effects by inhibiting IL-12
production from M¢ during sepsis or other inflammatory
responses or in some autoimmune diseases.

In conclusion, CGRP caused a concentration-dependent
inhibition of LPS-induced IL-12 production from mouse Mo.
The mode of action of CGRP seems not to be through the
CGRP; receptor. The CGRP effect on LPS-induced IL-12
production was synergized with the inhibition of cAMP PDE
and in parallel with the cAMP enhancing agents. Furthermore,
the inhibitory effect of CGRP on IL-12 production and mRNA
expression was reversed by PKA inhibition. Therefore, our
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data indicate that the inhibition of CGRP on LPS-induced IL-

12

production and gene expression is via the cAMP-PKA

pathway in murine peritoneal M¢.
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