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Abstract 

Recent studies have suggested that substance P (SP) and some other neuropeptides are able to induce the synthesis of the 
proinflammatory cytokincs interleukin- I (IL- I) and interleukin-6 (IL-61 in peripheral blood mononuclear cells. In the present study, we 
re-examined these findings by using a completely endotoxin-free monocyte cultivation system. We demonstrate that the neuropeptides SP. 
vasoactive intestinal peptide, substance K, cholecystokinine, cY-endorphin, and P-endorphin are consistently unable to induce the 
synthesis of IL- I and IL-6 in human peripheral blood monocytes. However, low amounts of LPS (I pg/ml) synergized with SP to induce 
IL-6 mRNA expression. In contrast to its lack of effect in monocytes, we were able to confirm the ability of SP to induce cytokine 
synthesis in astrocytic cells. Our results raise questions about previous results claiming a neuropeptide-induced synthesis of proinflamma- 
tory cytokiner in human monocytes. In conjunction with other studies, we suggest that undetected levels of endotoxin/LPS in the culture 
medium may have been primarily responsible for results suggesting an inductive effect of neuropeptides on cytokine synthesis in 
monocytes. 
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1. introduction 

Data from the last few years strongly suggest that the 
immune and neuroendocrine systems are mutually interre- 
lated (SchGbitz et al., 1994). Mediators of this bidirectional 
signalling system include the proinflammatory cytokines 
interleukin-I (IL-I) and interleukin 6 (IL-6). Both are 
produced by several cell types upon stimulation with lipo- 
polysaccharide (LPS), especially by cells of the mononu- 
clear phagocyte system including circulating blood mono- 
cytes or tissue macrophages (Bauer et al., 1988). IL- I and 
IL-6 have been shown to exert effects on different neu- 
roendocrine systems by stimulating the synthesis and re- 
lease of various neuropeptides. For example, IL-1 has been 
shown to stimulate /3-endorphin production in human and 
rat peripheral blood mononuclear cells (Kavelaars et al., 
1989; Sacerdote et al., 1994). to increase levels of vasoac- 
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tive intestinal peptide (VIP) in chromaffin cells (Eskay and 
Eiden, 1992) and to stimulate the release of cholecystoki- 
nine (CCK) from superfused rat hypothalamo- 
neurohypophyseal complexes (Ohgo et al.. 1992). On the 
other hand, several studies suggested that neuropeptides 
such as VIP, substance P (SP), and calcitonin gene-related 
peptide (CGRP) are able to induce the synthesis of proin- 
flammatory cytokines in various cell types such as astro- 
cytes and anterior pituitary cells (Spangelo et al., 1991; 
Palma et al., 1994; Tatsuno et al., 1991; Gottschall et al., 
1994; Maimone et al.. 1993; Cadman et al., 1994: Gitter et 
al., 1994). 

There are three reports describing the potential of neu- 
ropeptides to induce the synthesis and release of IL-I and 
IL-6 in human mononuclear cells. In 1988, Lotz and 
coworkers (Lotz et al., 1988) demonstrated that the neu- 
ropeptides SP and substance K (SK) induced the release of 
IL-I, IL-6. and tumor necrosis factor Q (TNFa) from 
human monocytes. Similar results were obtained by 
Rameshwar et al. (1994). who showed that SP mediated 
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the release of IL-1 and IL-6 by bone marrow mononuclear 
cells, and by Kavelaars et al. (1994), who demonstrated 
that stimulation of human monocytes by SP resulted in the 
induction of IL-6 production. In the present study, we 
re-examined reports of an SP-induced synthesis of IL-l 
and IL-6 in human monocytes, and also investigated the 
ability of several other neuropeptides (VIP, SK, p-en- 
dorphin, a-endorphin, and CCK) to induce gene transcrip- 
tion and protein synthesis of IL-1 and IL-6 in human 
monocytes. In addition, we tested the hypothesis that low 
amounts of endotoxin in the culture medium may influence 
results of an SP-induced expression of IL-6. 

2. Materials and methods 

2.1. Cell cultures 

Monocytes were prepared from peripheral blood of 
healthy donors and cultured in 35 mm plastic culture 
dishes (Becton and Dickinson, Heidelberg, Germany) at 
lo6 cells/ml and 2 X lo6 cells/dish as described earlier 
(Bauer et al., 1988, 1989; Ganter et al., 1989). The human 
astrocytoma cell line U373 MG was obtained from the 
American Type Culture Collection (Rockville, USA). Cells 
were cultured as described earlier (Bauer et al., 1988; 
Banerjee et al., 1989; Lieb et al., 1996). Both cultivation 
systems were completely LPS(endotoxin)-free as demon- 
strated earlier (Bauer et al., 1988, 1989; Ganter et al., 
1989; Northoff et al., 1987). 

2.2. Immunoprecipitation 

Monocytes were stimulated in methionine-free RPM1 
1640 medium, supplemented with 0.01% heat-inactivated 
(56°C 30 min) human AB serum, penicillin (100 U/ml), 
streptomycin (100 pg/ml), 2 mM L-glutamine (all from 
Gibco, Karlsruhe, Germany) and L3’ Slmethionine (100 
&i/ml; Amersham, Braunschweig, Germany). Culture 
supematants were collected at 30 or 36 h, clarified by 
centrifugation at 1600 X g, and passed through 0.45 pm 
filters. Total de-novo protein synthesis in the different 
supematants was determined as TCA-precipitable cpm from 
20-~1 aliquots. The culture supematants were diluted in 2 
volumes of TNET immunoprecipitation buffer (20 mM 
Tris-HCl, pH 7.5; 140 mM NaCl; 5 mM EDTA; 1% Triton 
X-100; 0.1 mM PMSF; 20 pg/rnl soybean trypsin in- 
hibitor; 4 PM leupeptin; 4 PM antipain) and precleared 
with 10 mg Protein-A-Sepharose (Pharmacia, Freiburg, 
Germany). Immune adsorption of IL-l and IL-6 in the 
culture supematants was performed by rotating 1 ml of 
diluted supematant (equivalent to 2 X lo6 TCA-precipita- 
ble cpm) with a saturating amount (10 ~1) of specific 
rabbit antiserum and an excess (7 mg) of Protein-A-Sep- 
harose overnight at 4°C. The Sepharose beads were washed 
three times in TNET and twice in 50 mM sodium phos- 
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Fig. I. Immunoprecipitation of IL-I (A) and IL-6 (B) from culture 
supematants of human monocytes stimulated with LPS or different 
concentrations of SP. Monocytes were either unstimulated (Co), or 
stimulated for 36 h with either 10 ng/ml LPS or different doses of SP 
(lOmh M-IO- ” M). Molecular weight markers on the left indicate 
kiloDaltons. 

phate buffer (pH 7.5) to remove non-adsorbed proteins. 
The proteins were released from the beads treating them at 
95°C (5 min) in L’timmli sample buffer (100 mM Tris-HCl, 
pH 6.8; 10% mercaptoethanol; 5% SDS and 10% glycerin), 
and separated on 15% SDS-polyacrylamide slab gels. The 
gels were dried and developed by autoradiography. All 
experiments were done at least in triplicate. 
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Fig. 2. Immunoprecipitation of IL-l (A) and IL-6 (B) from culture 
supematants of unstimulated human monocytes (Co) or cells stimulated 
for 36 h with LPS (10 ng/ml) or various neuropeptides at a final 
concentration of lo-* M: SP, SK, VIP. /3-endorphin, cu-endorphin, and 
CCK. Molecular weight markers on the left indicate kiloDaltons. 
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Fig. 3. SP is unable to induce IL-6 mRNA in human monocytes (A), but strongly induces IL-6 mRNA expression in the human astrocytoma cell line U373 
(Bl. Human monocytes (A) were either unstimulated (Co) or stimulated with LPS for 4 h or SP (1O-6 M) for 1, 2, or 4 h. Astrocytoma cells (B) were 
either unstimulated (Co) or stimulated with IL- I p for 4 h or SP (lOmh Ml for 1, 2. or 4 h. Total RNA was extracted and blotted onto nylon filters, These 
were sequentially probed with cDNAs for IL-6 and P-actin. 

2.3. RNA extraction and northern analysis 

RNA extraction and northern analysis were performed 
as described earlier (Batter et al., 1988). In short, 10 pg 
RNA was subjected to agarose-formaldehyde gel elec- 
trophoresis and blotted onto nitrocellulose filters according 
to standard procedures. Filters were hybridized at 42°C 
overnight in 6 X SSC. 50% formamide, and 0.02% Den- 
hardt’s solution. IL-6 mRNA signals were detected by 
autoradiography. Experiments were performed in triplicate. 

3. Results 

SP, when tested in concentrations ranging from 10-l ’ 
M to lO-6 M, was consistently unable to induce IL-l or 
IL-6 synthesis in human monocytes (Fig. I). SP was 
dissolved in two different ways immediately before use in 
either 1% acetic acid or in RPM1 1640 medium containing 
0.01% human AB serum. Both conditions result in stabi- 
lization of the dissolved agent (Pernow, 1983). Not only 

Fig. 4. Low amounts of endotoxin/LPS in the culture medium synergize 
with SP to induce IL-6 mRNA expression in human monocytes. Mono- 
cytes were either unstimulated (Co) or stimulated with SP (IO-’ Ml. 
Increasing amounts of LPS (10 fg/ml-10 ng/ml) were added together 
with SP. Total RNA was extracted and blotted onto nylon filters. These 
were sequentially probed with cDNAs for IL-6 and p-actin. 

SP, but also SK, vasoactive intestinal peptide (VIP), pen- 
dorphin, a-endorphin, and cholecystokinine (CCK) failed 
to have an effect when used in concentrations ranging 
from IO-” M to 10e6 M. Experiments using IO-* M of 
these neuropeptides are shown in Fig. 2. In addition, in the 
B9-cell bioassay (Nijsten et al., 1987), no functional IL-6 
was found in supematants of neuropeptide-stimulated 
monocytes (not shown). Lack of neuropeptide-induced cy- 
tokine synthesis could also be shown at the mRNA level 
for IL-6: SP in a concentration of IO-” M was unable to 
induce IL-6 mRNA in human monocytes (Fig. 3A). In 
contrast, we were able to confirm the previously described 
finding (Gitter et al., 1994) that SP (10e6 MI strongly 
induces IL-6 mRNA expression in the human astrocytoma 
cell line U373 (Fig. 3B). We further investigated whether 
low amounts of endotoxin/LPS in the culture medium 
would synergize with SP to induce IL-6 mRNA expression 
in monocytes. As shown in Fig. 4, LPS together with SP 
(lO-6 M) induced IL-6 mRNA expression already at the 
very low concentration of 1 pg/ml. 

4. Discussion 

The present study indicates that SP and various other 
neuropeptides such as VIP, SK, CCK, cy-endorphin, and 
Pendorphin are unable to induce the synthesis of IL-l and 
IL-6 in human peripheral blood monocytes. The failure of 
the various neuropeptides tested to induce IL-1 and IL-6 
synthesis is a robust finding. Negative effects were demon- 
strated for all neuropeptides in three separate experiments 
and all neuropeptides were tested over a broad range of 
concentrations from lo-’ ’ to 10e6 M. The negative find- 
ing was not due to a lack of biological activity of the 
neuropeptides used, since in contrast to the lack of effect 
in monocytes, SP was able to strongly induce IL-6 mRNA 
expression in the human astrocytoma cell line U373. Fur- 
thermore, in all experiments, the LPS-induced synthesis of 
IL-l and IL-6 served as a positive control. 
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Regarding the time periods of stimulation in monocytes, 
any effect of the neuropeptides tested should have been 
detected by our experiments, since IL-l and IL-6 are 
secreted by stimulated monocytes as a short pulse within a 
few hours: mRNA levels of both cytokines peak between 2 
and 12 h, and secretion of the respective peptides is 
accomplished within 24 h after stimulation of the cells 
(Bauer et al., 1988). The lack of any inductive effect was 
shown by two different methods, the immunoprecipitation 
of de novo synthesized IL-1 and IL-6 protein and the 
B9-assay which detects bioactive IL-6. 

With regard to (Y- and /I-endorphin, the present results 
are in line with two studies by Apte et al. (1989, 1990) 
who demonstrated that neither a-endorphin nor p-en- 
dorphin were able to induce IL-l production in bone-mar- 
row-derived macrophages. However, our results are in 
contrast with earlier reports describing that vasoactive 
intestinal peptide (VIP) stimulated the release of IL-6 from 
anterior pituitary cells (Spangelo et al., 1991) and from 
primary rat astrocytes (Gottschall et al., 1994; Maimone et 
al., 1993). In the present study, VIP was unable to induce 
IL-l or IL-6 in human monocytes, which may indicate a 
cell-specific effect of VIP. Furthermore, the present results 
are in contrast to the study of Lotz et al. (1988) and two 
more recent reports by Rameshwar et al. (1994) and 
Kavelaars et al. (1994). In all three studies, SP was able to 
induce the synthesis of proinflammatory cytokines in 
mononuclear cells. 

As discovered only recently, many experiments with 
cultured human monocytes (which after stimulation are the 
main source of inflammatory mediators such as IL- 1, IL-6, 
and TNFa) may have been influenced by undetected trace 
levels of endotoxin/LPS in the culture system (Bauer et 
al., 1988). Such contamination is usually brought into the 
cultures by commercial fetal calf serum (although declared 
endotoxin-free), by the use of normal autoclaved bi-dis- 
tilled water, or by using autoclaved glassware. Any one of 
these possibilities may have given false-positive results in 
the cited studies by Lotz et al. (1988), Rameshwar et al. 
(1994) and Kavelaars et al. (1994). Evidence for such an 
explanation is given by the present study: low amounts of 
LPS/endotoxin in the culture medium (1 pg/ml) were 
able to synergize with SP (lop6 M) to induce IL-6 mRNA 
expression in monocytes. Such low amounts of endotoxin 
may be difficult to detect with commercially available 
limulus amebocyte lysate (LAL) kits due to unpredictable 
influences of serum or serum components which can inter- 
fere with the assay and render it unreliable or insensitive 
(Northoff et al., 1987). Therefore, endotoxin contamination 
may have been overlooked in the cited studies. Further 
evidence is given by recent reports of Laurenzi et al. 
(1990) and Apte et al. (1989, 1990). Laurenzi et al. ( 1990) 
described a wide variability of IL-l production upon SP- 
stimulation. From a total of twelve seemingly identical cell 
cultures, only three were directly stimulated by SP to 
release IL-l, whereas in five experiments no effect was 

seen. In the remaining four experiments, prestimulation 
with suboptimal doses of LPS was needed to elicit an 
effect. In the studies of Apte et al. (1989, 19901, p-en- 
dorphin was able to stimulate IL-l production only in the 
presence of suboptimal doses of LPS. These data suggest 
that preferentially already preactivated monocytes respond 
to SP. 

In summary, the present study indicates that, by apply- 
ing a completely LPS(endotoxin)-free monocyte cultiva- 
tion system, the neuropeptides SP, VIP, SK, CCK, o-en- 
dorphin, and P-endorphin are unable to induce the synthe- 
sis of IL- 1 and IL-6 in human peripheral blood monocytes. 
It is suggested that undetected levels of endotoxin/LPS in 
the culture medium may have been primarily responsible 
for results suggesting an inductive effect of neuropeptides 
in monocytes. 
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