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Abstract
Previous studies demonstrated that cytokines regulate opioid and opioid receptor gene expression in
neuronal and immune cells. The gene sequence analysis of opioid receptors revealed that μ-, δ- and
κ-opioid receptor promoter regions contain potential cytokine response elements (NF-IL6 binding
sites). It was postulated that the response elements present in opioid receptor promoter regions may
have a role in the cytokine effects on opioid receptor gene expression through ciS-trans interaction.
The present sandy investigated whether cytokines have an effect on opioid receptor gene expression
by cytokine-induced transcription factor, NF-IL6, using a number of immune cell lines which respond
to cytokines. Further investigation was made to determine whether the potential cytokine response
element DNA sequences on opioid receptor promoter region have functional significance which may
be affected by the DNA context of the opioid receptor promoter in immune cell lines. Tandem repeats
of conserved cytokine response elements of IL-6 gene fused to a heteropromoter SV40 were utilized
as a positive control and expressed 2-fold increased promoter activity after cytokine stimulation.
Transient transfection studies in time courses (24–72 h) and different dose treatments (100–500 U/
ml for IL-6 and 50–200 U/ml for IL-1 α + β) were also carried out to investigate the possibility that
the upregulated gene expression may be transient or cytokine-dose-dependent. Our data
demonstrated that there was no significant cytokine-stimulated opioid receptor gene expression in
immune cells tested. In addition, the cytokine response elements (NF -IL6 binding sites) in opioid
receptor genes are not functional. These results contradict the previous reports in which cytokines
modulated the expression of opioid and opioid receptors in neuronal and immune cells. The possible
reasons regarding the different results were discussed.
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Previous studies have demonstrated that immune factors such as cytokines modulate the
expression of opioid genes and opioid receptors in neuronal as well as immune cells [13]. Negro
et al. [12] reported that interleukin-1β (IL-1β) stimulates proenkephalin gene expression in
astrocytes cultured from rat cortex. In a later study, Ruzicka et al. [14] and Ruzicka and Akil
[15] characterized more completely the astrocytic response of the opioid receptor to cytokine
stimulation by examining the effect of IL-1β on μ-opioid receptor mRNA expression in primary
astrocyte-enriched cultures derived from rat cortex, striatum, cerebellum, hippocampus, and
hypothalamus. They reported that IL-1β treatment produced a 70–80% increase in μ-opioid
receptor mRNA expression in striatal, cerebellar, and hippocampal cultures, but had no effect
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on this expression in cortical and hypothalamic cultures. More recently, Erich et al. [4]
investigated the effect of interleukin-1 (IL-1) on opioid receptor gene expression in neural
microvascular endothelial cells cultured from human brain. They observed that there was
virtually no μ-opioid receptor expression at basal levels and no increase after either IL-lα or
IL-1β treatment. However, simultaneous treatment with both IL-lα and IL-1β increased μ-
opioid receptor gene expression.

Cytokines are known as the principal communication signals of the immune system. The
synthesis of classical immune mediators such as IL-1, IL-1 receptor antagonist, and IL-6 and
their receptors by cells in the brain and endocrine organs, implies a mechanism for the host’s
immune system to communicate changes in immune status to the brain and associated
neuroendocrine organs [2,19]. Although a clear signaling transcription pathway for these
cytokines in neuronal or immune cells has yet to be elucidated, these cytokines have been
shown to activate or induce several transcription factors, including nuclear factor-interleukin
6 (NF-IL6). Transcription factors provide the molecular link between post-receptor signaling
events and changes in gene expression. Therefore, the expression of genes containing binding
sites for these transcription factors would be expected to be modulated by these cytokines.
Several studies showed that the cytokines exert their effects through cytokine response
elements, such as the NF-IL6 binding sites of target genes in neuron and immune cells [1,6,
19,21].

Min et al. [10] have shown that the promoter sequence of the μ-opioid receptor gene contains
cytokine response elements, such as the NF-IL6 binding site. Sequence analysis of both δ-
[8] and κ- [17] opioid receptor promoter regions revealed that these opioid receptor promoters
also contain potential cytokine response elements with 1–2 bp mismatches as compared with
those of already known sequences. Therefore, it has been postulated that the transcription
factor, NF-IL6, may modulate the expression of the opioid receptor gene through specific DNA
binding of cytokine response elements in the opioid receptor promoter region. The potential
binding sites for transcription factors including cytokine response elements in opioid receptor
promoter regions are shown in Fig. 1.

The NF-IL6 binding site is known as IL-1 response element or IL-6 response element as the
transactivation activity of NF-IL6 is drastically induced by the cytokines such as IL-1 and IL-6
governing the expression of the target genes at the transcription level through cis-, trans-acting
element interactions. Among the cytokines, IL-6 has been shown to be the most powerful
inducer of NF-IL6 [5,9,11].

The present study investigates the role of cytokine response element in the increased opioid
receptor promoter activity after cytokine stimulation. In these studies, the human myeloma cell
line, U266, and macrophage Raw264.7, were used for transient transfection studies because
they are known to be responsive to both cytokines, IL-1 and IL-6 as well as to express
endogenous opioid receptors.

A series of 5′-deletion constructs of the opioid receptor promoters, μ, δ and κ, was transiently
transfected into U266 and Raw264.7 along with an internal control plasmid pCH110 which
contained a functional β-galactosidase gene by using SuperFect transfection methods (Qiagen).
The transfected cells were incubated for 48–72 h in the presence or absence of mouse IL-6
(100–500 U/ml) or human IL-1 α + β (50–200 U/ml) purchased from Boehringer Mannheim.
The reference plasmid p4 × NF-IL6Luc, containing four copies of tandemly repeated cytokine
response elements of the IL-6 promoter (5′-ACA TTG CAC AAT CT-3′), was constructed as
a cytokine-responsive positive control. This was achieved by placing the cytokine response
elements upstream of a SV40 promoter at the SacI site of the pGL3-promoter vector, which
contained a luciferase reporter gene system (Promega). Cell lysates were prepared and analyzed
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for luciferase and β-galactosidase activities. The relative luciferase units were calculated by
normalizing the luciferase activities to those of β-galactosidase activities. In order to verify the
functional significance of these potential cytokine response elements of the opioid receptor
genes, four tandemly repeated core potential cytokine response elements of the μ-opioid
receptor gene (5′-TGC TGA AAT G-3′) and δ-opioid receptor gene (5′-TCT TCC CTA A-3′
and 5′-TTT AGG AAT A-3′) were fused to a heteropromoter, SV40, in a similar way to the
construction of the cytokine-responsive positive control, p4 × NF-IL6Luc. This resulted in the
construction of μNF-IL6Luc, δNF-IL6Lucl and δNF-IL6Luc2, respectively. All the constructs
were confirmed by sequencing. These constructs were then transiently transfected into U266
and Raw264.7 cells, and the cells were treated with IL-6 or IL-1 α + β. Transient transfection
studies in time courses (24, 36, 48, 60, 72 h) and different dose treatments (100, 200, 300, 500
U/ml for lL-6 and 50, 100, 200 U/ml for IL-1 α + β) were also carried out to investigate the
possibility that the upregulated gene expression may be transient or cytokine-dose-dependent.
Several other immune cell lines as well as brain cell lines, such as, MolT-4, HSB2, CEM3,
Raji, R1.1, NMB, NS20Y and PC12h, which express endogenous opioid receptors, were also
examined in the transient transfection studies. Although the presence of the cytokine receptors
on those cell lines has not been confirmed in this experiment, it has been reported that those
immune cell lines may express cytokine receptors [7,16,18,20].

In contrast to the previous data from other groups using primary cultures of astrocytes and
endothelial cells, the results obtained from our experiments demonstrated that neither IL-6 nor
IL-1 α + β stimulated the promoter activity of μ-, δ- and κ-opioid receptors with either 48 or
72 h incubation after transfected into both cell lines, U266 and Raw264.7. The positive control,
however, displayed more than 2-fold cytokine-enhanced promoter activity (Fig. 2). The
increased amount of IL-6 (500 U/ml) or IL-1 α + β (200 U/ml) also provoked no significant
differences in the luciferase activity when compared to those with less amount of cytokines9
(100 U/ml for IL-6 and 50 U/ml for IL-1 α + β (data not shown). Also, no increased promoter
activity was observed when several other immune cell lines as well as the brain cell lines listed
previously were tested (data not shown).

Even though all the deletion constructs, regardless of whether they contained NF-IL6 binding
sites or not, showed no upregulated gene expression after cytokine stimulation (Fig. 2), the
upregulated gene expression of the cytokine-responsive positive control encouraged us to focus
on the potential cytokine response element DNA sequences in the opioid receptor genes to
determine whether these potential cis-acting elements really have a functional significance
through a cytokine-induced NF-IL6 pathway. If the potential cytokine response DNA
sequences are functionally significant for gene expression, it is anticipated that the cytokines
should be able to modulate the transcriptional level of these constructs that connected to the
luciferase reporter gene system. The luciferase activities of these constructs containing
tandemly repeated potential cytokine response elements from μ- and δ-opioid receptor gene
and cytokine-responsive positive control, p4 × NF-IL6Luc, are shown in Fig. 3. As expected,
the construct referred to as p4 × NF-IL6Luc demonstrated both basal and cytokine-inducible
activities when the construct was transiently transfected to both U266 and Raw264.7 cells.
However, the constructs containing the four copies of the potential cytokine response elements
of the opioid receptor promoter region demonstrated basal activity only, even after stimulation
with IL-6 (100–500 U/ml) or IL-1 α + β (50–200 U/ml). The 2-fold cytokine-enhanced
promoter activity of the positive control demonstrated that the cell lines tested in this study
respond to cytokine stimulation and, if these response elements are important for opioid
receptor gene expression as a cis-acting transcriptional regulatory element, they should show
cytokine effects. Therefore, these negative results demonstrate that potential cytokine response
element DNA sequences in the opioid receptor genes have no functional significance. Our data
contradict the previous hypothesis that the potential cytokine response elements of the opioid
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receptor promoter region may have a role for the cytokine effect on the opioid receptor gene
expression through a direct DNA–protein interaction.

There are several points to be considered as possible explanations for the differences between
our results and the previous data regarding the upregulated-opioid receptor gene expression by
cytokine stimulation. One possible explanation may be related to the differences between
primary cell cultures that have shown a response to cytokines in previous studies and tumor
cell lines used for these studies. In general, primary cell cultures have been shown to be much
more sensitive in their response to external stimulation than tumor cells which require stronger
stimulation for the same response or show no response at all. For example, bacterial
lipopolysaccharide (LPS)-induced expression of the IL-6 or TNF-α gene was evident in
primary cell culture but not in tumor cells, suggesting the different sensitivities to the
stimulation (Dr. Roy, personal communication). However, working with primary cell culture
for transient transfection studies is not practical at this moment because of the technical
difficulties. Also, this experiment required a cell line which responds to both cytokines, IL-6
and IL-1, and preferably, expresses endogenous opioid receptors.

Another possible explanation for the different observations could be raised from the two
different gene expression detection methods. Our results were based on data from transiently
transfected promoter–reporter constructs, whereas those of other groups were based on data
from reverse transcription polymerase chain reaction (RT-PCR) analysis from mRNA levels.
Previous report suggested that regulation of levels of particular mRNA transcript could result
from changes in transcription rates, altered stability of the transcript (mRNA half-life), or a
combination of both mechanisms [3].

Different cell environments—immune and neuronal cells—could be considered as one of the
reasons why our results contradict those of other groups. Roy et al. [13] reported that cytokine
stimulation increased morphine binding sites on thymocytes. However, the low-affinity opioid
receptors which are classified as non-classical opioid receptors present on immune cells
appeared to contribute to this cytokine effect. The comparison of gene structure and sequence
analysis between non-classical and classical opioid receptors isolated from immune cells has
not been reported. In this study, opioid receptor promoters (classical opioid receptors) fused
to reporter gene system were examined. Considering the positive control, p4 × NF-IL6Luc,
which stimulated the promoter activity in immune cells upon cytokine addition, it would be
possible that the cytokine response elements present in the opioid receptors may not be able
to stimulate the classical opioid receptor promoter activity in immune cell environment or the
opioid receptor genes stimulated by IL-1 or IL-6 may be subject to combinatorial regulation
by NF-IL6 and other transcription factors induced by these cytokines such as AP-1 site binding
factors. As shown in Fig. 1, μ- and δ-opioid receptor promoter regions contained potential AP-1
binding sites and AP-1 binding transcription factors; c-fos and c-jun are also induced by
cytokines [14].

Even though opioid receptors do not respond to cytokine stimulation and the cytokine response
elements in the opioid receptor genes appear not to be functional in a number of immune as
well as neuronal cell lines from this study, there are several possible reasons why our results
are different from those of previous reports as already mentioned. Therefore, it may be
necessary to confirm these results by using primary astrocyte or endothelial cell cultures for
the transient transfection study in order to better understand the mechanism of cellular effects
on opioid receptor gene expression by cytokine stimulation which still remains to be elucidated.
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Fig 1.
The potential binding sites for transcription factors on μ-, δ- and κ-opioid receptor promoter
regions. Translation start point (ATG) was marked as +1. All three opioid receptor promoter
regions contain cytokine response elements (NF-IL6) as well as other potential transcription
factor binding sites. Source: Refs. [8,10,17].
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Fig 2.
A series of 5′-deletion constructs of μ- and δ-opioid receptor promoter (A) and the fold
activation measured by luciferese activities after transfected into U266 and Raw264.7 with (+)
and without (−) cytokine treatment (B). The cytokines used for this experiment are IL-1 α + β
(200 U/ml) and IL-6 (500 U/ml) and incubated for 72 h. A reference plasmid, p4 × NF-IL6Luc
which contains four copies of NF-IL6 binding sites of IL-6 gene, was used as a positive control
for cytokine responses. There was no significant difference in luciferase activity between two
different cell lines, U266 and Raw2647 in terms of the response to the cytokines as well as the
promoter activity pattern. Therefore, one graphic bar represents both cell line, U266 and
Raw264.7. Time course and dose-dependency experiments showed no different promoter
activity from shown in this figure. (·) Indicates tandem repeats of NF-IL6 binding sites. Three
times of individual experiments were performed with duplicates each time.
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Fig 3.
Construction of four tandemly repeated core sequences of the cytokine response elements (NF-
IL6 binding sites) from opioid receptor promoter region (A) and the fold activation measured
by luciferase activities after transfected into U266 and Raw264.7 with (+) and without (−)
cytokine treatment (B). The cytokines used for this experiment are IL-1 α + β (200 U/ml) and
IL-6 (500 U/ml) and incubated for 72 h. A reference plasmid, p4 × NF-IL6Luc, which contains
four copies of NF-IL6 binding sites of IL-6 gene, was used as a positive control for cytokine
responses. There was no significant difference in luciferase activity between two different cell
lines, U266 and Raw264.7 in terms of the represents both cell line, U266 and Raw264.7. Time
course and dose-dependency experiments showed no different promoter activity from shown
in this figure. (· · · ·) Indicates four tandem repeats of NF-IL6 binding sites. Three times of
individual experiments were performed with duplicates each time.
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