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ABSTRACT 
 
Background & Aims: Recent studies with µ-opioid receptor (MOR)-deficient mice support a 
physiological anti-inflammatory effect of MOR at the colon interface. To better understand 
the potential pharmacological effect of certain opiates in inflammatory bowel diseases (IBD), 
we 1) evaluated the regulation in vivo and in vitro of human MOR expression by 
inflammation; 2) and tested the potential anti-inflammatory function of a specific opiate 
(DALDA) in inflamed and resting human mucosa. 
Patients and Methods: Expression of MOR mRNA and protein was evaluated in healthy and 
inflamed small bowel and colonic tissues, isolated peripheral blood mononuclear cells and 
purified monocytes, CD4+ and CD8+ T cells from healthy donors and IBD patients. The effect 
of cytokines and NFκB activation on MOR expression in lymphocyte T and monocytic 
human cell lines was assessed. Finally, DALDA-induced anti-inflammatory effect was 
investigated in mucosal explants from controls and IBD patients. 
Results: MOR was expressed in ileal and colonic enteric neurons as well as in immunocytes 
such as myeloid cells and CD4+ and CD8+ T cells. Over-expressed in active IBD mucosa, 
MOR is significantly enhanced by cytokines and repressed by NF-κB inhibitor in myeloid 
and lymphocytic cell lines. Furthermore ex vivo DALDA treatment dampened TNFα mRNA 
expression in the colon of active IBD patients. 
Conclusions: Given the increased expression of MOR and the ex vivo beneficial effect of 
DALDA in active IBD, natural and/or synthetic opioid agonists could help to prevent overt 
pathological intestinal inflammation. 
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INTRODUCTION 
The µ-opioid receptor (MOR) is a G protein coupled receptor 1, widely expressed in 

the central nervous system 2-4 and in peripheral tissues 5-7. Activation of MOR by endogenous 
or exogenous agonists has pleiotropic action on immune and physiological processes, such as 
microbial infections, pain reliever, analgesia, respiratory depression, euphoria and addiction 8 

9. Notably, the effect of opiates is complex and mediated through regulatory transcription 
factors, such as RXR, NF-κB, AP-2, SOX and/or Sp1/Sp3 10-12. Although the analgesic role of 
MOR in the central nervous system has been largely described, the physiological and 
beneficial roles of MOR activation in human gastrointestinal tract remain elusive. 

Recently, we and others have shown that MOR is involved in the homeostatic 
regulation of immunological and inflammatory reactions in the mouse gastrointestinal tract 13-

17. Notably, systemic administration of selective synthetic MOR agonists prevented colitis in 
hapten-induced and T-cell dependent experimental models of colitis and increased 
susceptibility to colitis is observed in a MOR-dependent manner 16. Consistently, 
complementary results suggested that MOR exerts its anti-inflammatory effect in the colon 
through the regulation of cytokine production and/or T cell proliferation 9, but further 
experiments are required to better understand the physiopathological role and therapeutic 
effects of respectively MOR and their specific agonists in inflammatory bowel diseases 
(IBD). 

MOR-activating peptides (such as β-endorphin) affect intestinal motility, secretion, 
immune and inflammatory responses 18-22, suggesting that abnormal content of such peptides 
in the gastrointestinal tract and/or in peripheral blood might influence IBD pathogenesis 23. 
Whereas the distribution of certain gut neuropeptides (i.e. the substance P) have been 
extensively studied 24, the regulation and function of MOR and its ligand in the human gut 
have not yet been investigated. 

Herein, we explored and compared the expression, regulation and function of MOR in 
controls and patients with IBD. We provide evidence that inflammatory molecules increased 
in vitro and in vivo MOR expression in myeloid and lymphocytic cells. Furthermore using 
organ cultures of colonic biopsies, we found that a selective peripheral MOR agonist is able to 
modulate locally the production of tumour necrosis factor alpha (TNFα). Taken together, 
these data confirm the physiological role of MOR in the regulation of human intestinal 
inflammation and the potential therapeutic benefit to use selective peripheral MOR agonists in 
IBD. 

 
MATERIALS AND METHODS 
Reagents 
[D-Arg2, Lys4]-Dermophin-(1-4)-amide (DALDA) was purchased at Sigma-Aldrich. The 
recombinant cytokines TNFα, interleukin-1β (IL-1β ) and interferon-γ (IFN-γ ) were obtained 
from Sigma-Aldrich. The chemical inhibitor of the NF-κB signalling pathway (namely CAPE 
for Caffeic acid phenethyl ester) was obtained from Sigma-Aldrich. 
 
Patients’ biopsies 

The diagnosis of UC and CD was established using standard criteria. Transparietal 
ileal and colonic samples were taken during surgery in 54 subjects (37 IBD patients and 17 
controls). The mean duration of CD and UC was 6.6 ± 2 years and 2.9 ± 1 years respectively. 
Most IBD patients (27/37, 73%) received medical treatments i.e. steroids (n=8), salicylates 
(n=10), cyclosporine (n=6), antibiotics (n=3) during the three months before surgery. Patients 
and controls taking opioids on a regular basis were excluded. Preoperatively, all patients and 
controls received a benzodiazepine (midazolam 0.1 mg/kg) and anesthesia was induced with 
morphine (sufentanil 0.5 µg/kg) supplemented with propofol 2 mg/kg. Inflamed and/or 
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macroscopically/histologically healthy ileal and/or colonic biopsies were collected from 25 
patients with CD (16 F and 9 M; mean age 31 yrs; range 18-44 yrs) having an ileocolectomy. 
Colonic samples from inflamed and/or healthy areas were obtained from 12 patients 
undergoing colectomy for acute UC (4 F and 8 M; mean age 41 yrs; range 20-62yrs). As 
controls, surgical ileal and colonic biopsies taken in healthy areas were sampled under the 
same conditions in 17 non-IBD patients including 14 patients with colon cancer  (5 F and 9 
M, mean age 63 yrs; range 39-81 yrs) and 3 with diverticular disease (1 F and 2 M, mean age 
54 yrs; range 39-74 yrs). One fragment of these specimens was sent for histological analysis, 
paraffin-embedded and stained with hematoxylin/eosin. The remaining portion was 
immediately frozen in liquid nitrogen and stored at -80°C for analysis of MOR expression by 
real-time RT-PCR and immunochemistry. 
 
Peripheral blood mononuclear cells from patients and controls 

Peripheral blood mononuclear cells (PBMC) were separated on Ficoll gradient (Amersham 
Pharmacia Biotech) and washed in PBS until analysis of MOR and TNFα by real-time PCR 
and immunohistochemistry. Peripheral blood was collected from 24 patients with CD (17 F 
and 7 M; mean age 32 yrs; range 19-57 years), 16 patients with UC (4F and 12 M, mean age 
40 yrs; range 18-56 years) and 23 patients with IBS (13 F and 10 M, mean age 47 yrs; range 
25-71 years) (Table 1). The mean duration of CD and UC was 6 ± 1.9 years and 6.1 ± 1.8 
years respectively. Ten patients with CD were in remission with a low CD activity index 
(CDAI; <150) and 14 had a moderately active disease (220<CDAI<350).  Among the 16 UC 
patients, 6 were in remission and 10 had a clinically mild UC. 

 
Table 1. Characteristics and respective treatments of patients included for MOR expression 

analysis in PBMC. 

 

Monocytes, CD8+ and CD4+ T cells were further purified using magnetic activated cells 
sorting (MACS) as previously described 25 26. Monocytes were isolated from PBMC by 
positive immunoselection using anti-CD4 mAb-coated magnetic microbeads according to the 
manufacturer’s protocol (Miltenyi biotec). CD8+ T cells were subsequently purified from the 
negative cell fraction by positive immunoselection with anti-CD8 mAb-coated magnetic 
microbeads (Miltenyi Biotec). CD4+ T cells were then obtained from the retaining unbound 
cell fraction by depletion of CD8, CD14, CD16, CD19, CD36, CD56, CD123, TCRγ/δ and 
Glycophorin A cells (Miltenyi biotec). Cell purification was assessed by flow cytometry 
analysis (FACScalibur, BD Biosciences) with FITC (fluorescein isothiocyanathe)-labelled 
CD8, PE (phycoerythrin)-labelled CD4 and APC (allophycocyanine)-labelled CD14 

Disease status Age (years) Sex (F/M) Clinical manifestations (n) Therapeutical management (n)
Ileal (7) None (4)

Ileocolonic (11) Immunosuppressors (16)
Colonic (6) Steroids (2)

Aminosalicylics (2)
None (4)

Aminosalicylics (3)
Steroids (4)

Aminosalicylics and Steroids (2)
Immunosuppressors (3)

Controls 47 ± 14 13/10 None (23)

Colonic (16)

CrohnÕs disease

Ulcerative colitis

17/732 ± 9

40 ± 10 4/12  on M
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antibodies (Miltenyi biotec). The mean purity was 71±7 % for monocytes, 88±5 % for CD4+ 
T cells and 90±3 % for CD8+ T cells. 
 
Analysis of MOR mRNA expression 

The human T lymphocyte (Jurkat) and monocytic (THP1) cell lines were routinely grown 
in RPMI 1640 medium supplemented with 10% heat-inactivated foetal bovine serum 
(Eurobio) in a humidified chamber at 37°C in 5% CO2 and 95% relative humidity. Regulation 
of MOR expression by the TNFα, IL-1β or IFN-γ pathway was evaluated by 2 hours cytokine 
stimulation at 10ng/mL of Jurkat and THP1 cell lines, preincubated or not during 2 hours with 
CAPE at 10µg/ml. All experiments were performed in triplicate and repeated 3 times for 
reproducibility. The cell viability was determined by trypan blue exclusion. After washing, 
cells were collected for RNA extraction and quantification of MOR and TNFα mRNA by 
real-time RT-PCR. 

Total RNA was isolated from cells and intestinal tissues using Rneasy kits (Macherey 
Nagel) according to the manufacturer’s instructions. RNA quantification was performed using 
spectrophotometry. After treatment at 37°C for 30 min with 20-50 units of RNase-free DNase 
I (Roche Diagnostics Corporation), oligo-dT primers (Roche Diagnostics Corporation) were 
used to synthesize single-stranded cDNA. MOR and TNFα mRNAs were quantified using 
SYBR green Master Mix (Applera) with specific human oligonucleotides (Table 2) in a 
GeneAmp Abiprism 7000 (Applera). In each assay, calibrated and no-template controls were 
included. Each sample was run in triplicate. SYBR green dye intensity was analyzed using the 
Abiprism 7000 SDS software (Applera). The size of human MOR and TNFα PCR products 
for each set of primers was tested after ethidium bromide staining on agarose gel (3%). 
Human MOR and TNFα PCR products were sequenced using ABI PRISM 377 XL (Applied 
Biosystems). All results were normalized to the unaffected housekeeping human gene β-actin. 
 
Table 2. Human primer sequences for quantitative real-time PCR (F, forward; R, reverse) 

 

Analysis of MOR protein expression 
Immunodetection of MOR was performed on both paraffin-embedded and cryostat 

sections and also on Jurkat and THP1 cell lines pre-incubated in 3% H2O2 methanol for 20 
min in order to quench the endogenous peroxidase activity. Then, sections were blocked for 
15 min with 5% milk 0.1% bovine serum albumin in phosphate buffer saline and incubated 
for 30 min with the primary rabbit polyclonal antibody directed against MOR at room 
temperature (dilution 1:500, Diasorin). After a wash with PBS, sections were incubated for 30 
min with EnVision horseradish-peroxidase conjugate (DAKO) at room temperature. Sections 
were faintly counterstained with Harris hematoxylin, rinsed with distilled water and 
coverslipped with glycerol. The number of MOR immunoreactive cells was counted in five 
different high power fields and expressed per 100 stromal cells. Only cells with a clearly 
detectable nucleus were counted. Sections from pituitary gland were used as positive controls. 

Primer name Sequence

β-Actin F 5Õ- TCA CCC ACA CTG TGC CCA TCT ACG - 3Õ
β-Actin R 5Õ - CAG CGG AAC CGC TCA TTG CCA ATG - 3Õ
TNF-α F 5Õ - GGA GAA GGG TGA CCG ACT CA - 3Õ
TNF-α R 5Õ - CTG CCC AGA CTC GGC AA - 3Õ
MOR F 5Õ - ATG CCA GTG CTC ATC ATT AC - 3Õ
MOR R 5Õ - GAT CCT TCG AAG ATT CCT GTC CT - 3Õ
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Negative controls consisted of omission of the first antibody and the use of normal rabbit 
immunoglobulins (DAKO) instead of primary antibody.  

Double immunohistochemistry was performed on cryostat sections. After incubation with 
the primary rabbit polyclonal antibody directed against MOR, the sections were rinsed and 
subsequently incubated for 30 min with Envision+ peroxidase (DAKO) and washed again 
with PBS. The reaction product was visualized by incubation for 10 min in 0.05M acetate 
buffer at pH 4.9 containing 0.05% 3-amino-9-ethylcarbazole and 0.01% H2O2 resulting in red 
immunoreactive staining. Subsequently the sections were rinsed with PBS, washed with 
distilled water and incubated for 30 min with the second primary antibody directed against 
CD4 (clone MT310; dilution 1/100, DAKO) or CD8 (clone C8/144B; dilution 1/100, DAKO). 
After a wash with PBS, the sections were incubated for 30 min with a biotin-labelled rabbit 
anti-mouse antibody followed by a monoclonal anti-biotin-alkaline phosphatase conjugate 
(Sigma-Aldrich). The blue reaction product was developed using Fast Blue BB sal (4-
Benzoylamino - 2,5 - diethoxybenzene-diazonium chloride (Sigma-Aldrich) for 5 min. Finally 
the sections were faintly counterstained with Harris haematoxylin, rinsed with distilled water 
and cover slipped with mounting media. The results were independently analyzed by two 
observers and matched. 
 
Culture of intestinal biopsy specimens from patients 
Six colonic biopsies were taken from a healthy area in 12 patients with CD (n=6, 4 F and 2 M; 
mean age 35 yrs; range 19-61yrs), UC (n=3 M, mean age 29 yrs; range 26-31yrs) and irritable 
bowel syndrome (n=3, 2 F and 1 M; mean age 40 yrs; range 34-51yrs). Patients with irritable 
bowel syndrome received no specific medical treatment at the time of endoscopy. Six of the 9 
IBD patients received salicylates (n=2), steroids (n=3) or azathioprine (n=1). The mean 
duration of CD and UC was 14.2 ± 3.4 and 5.5 ± 2.2 years respectively. None of these 
patients had an active disease at the time of endoscopy.  Biopsies were immediately placed in 
HBSS-CMF supplemented with 100 IU/ml penicillin and 100mg/ml streptomycin for a 24H 
organ culture. After washing, endoscopic biopsies were incubated in a humidified atmosphere 
for 24 hours at 37°C in a 6 well tissue culture plates containing 2 ml of RPMI 1640 
supplemented or not with selective MOR agonist DALDA 1 and 10 µM 27. Supernatants were 
removed, filtered, and stored at –80°C for lactate dehydrogenase release determination and 
biopsies were processed to quantify TNFα mRNA by real time RT-PCR. 
 
Statistics 

Data were expressed as mean ± SEM. All comparisons were analyzed by the Mann-
Whitney-test. Statistical analyses were performed using the StatView 4.5 statistical program 
(Proxyd). Differences were considered significant when the p-value was <0.05.  
 
 
RESULTS 
Quantification of MOR mRNA levels in ileal and colonic tissues of IBD patients and 
controls 

MOR mRNA was quantified by real-time RT-PCR in the healthy and inflamed 
transparietal ileal and colonic specimens of patients with IBD and controls. MOR mRNA 
levels were similar between the healthy ileal and colonic samples of IBD patients and 
controls. Importantly, a mean 6-7 fold increase in MOR expression was observed in inflamed 
CD ileal and colonic tissues compared to healthy intestine (respectively 6.5±2.9 vs 0.99±0.35, 
p<0.05 and 7.03±0.05 vs 0.88±0.39, p<0.05). Similarly, a 30-fold increase in the expression 
of MOR mRNA levels was observed in the inflamed compared to non-inflamed colon of UC 
patients (respectively 30.3±19.2 vs 1.4±0.4, p<0.01) (Figure 1). Given the low number of 
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patients in the present study, we couldn’t test any statistical differences in MOR mRNA levels 
from IBD patients according to the different medical treatments. 
 
Identification of the cellular sources of MOR in IBD patients  

To investigate the distribution of intestinal cells expressing MOR in health and disease we 
performed immunohistochemistry using an antibody directed against MOR in the healthy and 
inflamed ileum and colon of our cohort of patients (Figure 2). In all healthy ileal and colon 
samples of IBD patients and controls, MOR protein was mainly and similarly detected in less 
than 1% of lamina propria mononuclear cells (LPMC) as well as in neuronal cell bodies 
located in the submucosal and myenteric plexuses (Figure 2A). No specific staining was 
constantly observed in epithelial, endothelial and smooth muscle cells. Consistent with our 
preliminary RT-PCR data, the pattern of stained cells was significantly different in the 
inflamed intestine of IBD patients with an increase MOR staining limited to LPMC reaching 
about 4-10% and 11-15% of stromal cells respectively in the inflamed tissues of patients with 
CD and UC (figure 2B-D) and undetectable in LPMC from controls. Compared to healthy 
small bowel or colon specimens, we failed to detect any significant increase of the numbers of 
MOR-immunopositive nerve cells bodies in the inflamed tissues of IBD patients. Ileal and 
colonic tissues of patients with CD and UC revealed a positive staining for MOR in about 
10% and 30% of lamina propria CD4+ and CD8+ T cells respectively (Figure 3). No 
detectable double staining was observed in control patients (data not shown). Controls 
omitting the first antibody or the use of an irrelevant antibody were negative. 

As MOR-overexpressing LPMC within intestinal inflammatory sites associated to CD and 
UC are mainly recruited from the peripheral blood circulation, we compared expression of 
MOR mRNA in PBMC of IBD patients and controls without inflammation (Figure 4A). 
Irrespective of the inflammatory status of IBD patients, levels of MOR mRNA were 
significantly increased in PBMC of CD (112±89) and UC (2267±1870) patients compared to 
controls (0.9±0.5, respectively p<0.05 and p<0.02) (Figure 4A). No significant differences in 
MOR mRNA levels were found between the PBMC of CD and UC patients. Furthermore, 
55± 13% of the PBMC from IBD patients revealed a cytoplasmic and membranous MOR 
staining (Figure 3). In order to precise in vivo the phenotype of MOR-expressing cells, we 
used an immunoselection to purify monocytes, CD4+ and CD8+ T cells of IBD patients and 
controls. Independent of the clinical status of the IBD patients, monocytes and T cells MOR 
mRNA levels were significantly higher than in controls and paralleled TNFα mRNA levels 
(Figure 4B). Taken together, these results suggest that peripheral blood, activated LPMC and 
infiltrated T-cells are major sources of MOR, providing a possible explanation for the local 
increase of MOR expression in active IBD mucosa. 
 
MOR expression is regulated through the TNFα, IL1β and IFN-γ pathways 

To further investigate the mechanism of enhancement of MOR in inflamed intestinal 
tissues and PBMC in IBD, we looked at the regulation of MOR expression by inflammatory 
mediators. We determined if TNFα IL-1β or IFN-γ were able to induce MOR expression in 
Jurkat and THP1 cell lines. Incubation with TNFα significantly upregulated MOR mRNA 
expression by approximately 5-fold compared to untreated Jurkat or THP-1 cells (Figure 5A). 
Furthermore, this result was confirmed at the protein level in Jurkat and THP-1 cell lines 
stimulated either with TNFα, IL-1β or IFNγ (Figure 5B). This increased expression of MOR 
mRNA by TNFα was suppressed when cells were pre-incubated with CAPE (Figure 5A). 
Similarly, a down-regulation of MOR mRNA expression was observed in non-activated 
Jurkat and THP1 cells incubated with CAPE compared to untreated cells (Figure 5A). These 
results suggest that NFκB is involved in the steady-state and TNFα-induced MOR expression 
in monocytes and T cells.  
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MOR agonist DALDA reduced TNFα production in human colonic mucosa 

To test the hypothesis that DALDA can dampen human intestinal inflammation, we 
evaluated the effects on TNFα mRNA production of the specific MOR agonist DALDA in 
organ cultures of healthy colonic biopsies of 9 untreated IBD patients (6 CD, 3 UC) and 3 
controls. After 24 hours of culture, we observed a 60% decrease in TNFα mRNA production 
in biopsies from CD and UC patients cultured with DALDA 1 or 10 µM compared to non-
treated biopsies (Figure 6). In controls, a significant 60% decrease production in TNFα 
mRNA was also observed when biopsies were cultured with DALDA 10 µM (Figure 6). 
Release of lactate dehydrogenase from specimens in culture remained low and stable over the 
24 hour period, which was not influenced by the presence of DALDA in the medium (data not 
shown). 

 
DISCUSSION 

Mu-, delta- and kappa-opioid receptors are expressed throughout the nervous system in 
neurons, spinal cord, midbrain and cortex 2-4 28. Intestinal expression of MOR has been 
reported in different animal species with particular abundance in the myenteric and 
submucosal plexuses 6 29 and in lower density on epithelial cells from guinea-pig intestinal 
crypts 30 and porcine jejunum 31. Although it is well established that MOR expression in the 
central nervous system mediates central pain modulation 32, our knowledge regarding its 
location, regulation and function in the gut is by far less advanced. Using real-time RT-PCR 
and immunohistochemistry, expression of MOR was present in a fraction of neuronal cell 
bodies of the submucosal and myenteric plexuses and also in some infiltrating monocytes and 
T cells in the inflamed ileum and colon. Without any significant detectable MOR protein 
expression in epithelial, endothelial and smooth muscle cells, the expression of MOR in the 
human inflamed intestine during IBD is thus mainly restricted to inflammatory mucosal 
mononuclear and lymphocytic cells. 

Previous studies in rodents have demonstrated that inflammation in peripheral tissues is 
often associated with an enhancement of MOR axonal transport 33-35. Similarly, in the 
intestine of mice, an up-regulation of MOR expression was described in the jejunal myenteric 
plexus after croton oil-induced inflammation 17 36. We observed in IBD patients a ~6 to 30 
fold increased expression of MOR mRNA in inflamed small bowel and colon compared to 
healthy intestine. This enhancement of MOR transcription was associated locally with an 
increase number of MOR immunoreactive cells infiltrating the mucosa. Since most peripheral 
blood monocytes acquired the ability to express MOR mRNA and protein in patients with CD 
and UC, it seems reasonable to suggest that the accumulation of MOR in the gut of IBD 
patients might result mainly from an increased migration of circulatory cells to the site of 
inflammation and/or from an enhancement of MOR expression by activated resident mucosal 
monocytes and/or T cells.  

At a physiological level, β-endorphin down-regulates inflammatory responses in a MOR-
dependent manner 23. Impaired release of β-endorphin by the gastrointestinal tract and/or by 
peripheral blood leukocytes have been associated to IBD 37 38, suggesting that chronic 
inflammation might lead to an exhausted release of β-endorphin or alternatively that MOR 
activation is somehow critical in IBD development. Further work should establish whether an 
unbalanced ligand/receptor ratio is essential in IBD pathogenesis and whether oral 
administration of opioids agonists can have therapeutic effect. 

The regulatory mechanisms of increased MOR expression by mononuclear cells in IBD 
patients remain speculative. In cell lines, MOR mRNA production is regulated by the 
activator protein-1 and IL-4 through the binding of STAT-6 transcription factors to the MOR 
gene promoter 17 39. Herein, we show that MOR mRNA and protein expression are induced 
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similarly by TNFα, IFN-γ or IL-1β in THP1 and Jurkat cell lines. An inhibitory effect 
observed with CAPE, an inhibitor of NFκB activation, suggests that NFκB pathway is 
required for the TNFα induced MOR expression. These results are consistent with the recent 
in vitro data defining NFκB and STAT binding sites on the human MOR gene promoter in the 
control of MOR expression 9. Given the regulatory role of particular commensal bacteria in 
the development of IBD, further works are needed to assess the impact of the bacterial-
induced inflammation and the intestinal innate immune system on MOR expression and 
function. 

In a previous study, we have reported in experimental models of colitis in mice that MOR 
exerts an anti-inflammatory effect in the colon through the regulation of cytokine production 
and T-cells proliferation 16. Herein, we shown ex vivo that DALDA can dampen the 
production of TNFα mRNA by more than 60% and with a higher efficiency in IBD patients 
compared to controls, suggesting the importance of the physiological availability of MOR 
agonists. Besides the regulatory effect of MOR activation on various immune/inflammatory 
cells 40-43 and within the gastrointestinal mucosa 16, novel MOR agonists are currently in 
development. However for a rational use of particular MOR agonists, further work should 
unravel how to prevent central and peripheral side effects of these molecules such as 
euphoria, respiratory depression, addiction, opioid withdrawal-like syndrome or severe 
inhibition of intestinal motility which may result in toxic megacolon. 

In conclusion, the results of this and former studies suggest that MOR is clearly up 
regulated during IBD with a plausible beneficial effect on the accelerated intestinal transit and 
on the severity and duration of the inflammatory process. The increase availability of MOR 
and its agonists at the intestinal interface of IBD patients and the demonstration of their anti-
inflammatory effects would promise the development of innovative drugs, such as by up-
regulating endogenous opiates and/or opioid receptor expression and/or by using new opioid 
compounds with topic anti-inflammatory effects. 
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LEGENDS OF THE FIGURES 
Figure 1: MOR mRNA in IBD patients 
Quantification of MOR mRNA in inflamed (I+) and non-inflamed (I-) small bowel and 
colon of controls (white) and patients with Crohn’s disease (CD) (black) or ulcerative colitis 
(UC) (grey). The number of patients and statistical significance are indicated and results are 
expressed as the mean ± SEM. 
 
Figure 2: Immunolocalization of MOR in the gut of IBD patients 
(A-D) : MOR immunoreactive cells (black arrow) from representative IBD patients in (A) 
the myenteric plexus of non inflamed small bowel; (B-D) lamina propria mononuclear cells 
from (B) inflamed small bowel, (C) colon and (D) inflamed colon. Magnification x40. 
Scale-bar represents 5 µm. 
 
Figure 3: MOR immunoreactive cells in PBMC and mucosal CD4+ and CD8+ T cells of 
IBD patients 
(A-B) : MOR immunostaining in PBMC of one representative CD patient and the 
corresponding negative control (magnification x100). Control consisting to the use of normal 
rabbit immunoglobulins was negative. Insert: low magnification x20 of MOR 
immunostaining of a CD patient and control.   
(C-F) : Double immunostaining for MOR (red) and CD4 (blue)(C-D) or MOR (red) and 
CD8 (blue)(E-F)(original magnification x400) in biopsies taken from one patient with CD in 
non-inflamed (C,E) and inflamed (D,F) area. Whereas only few CD4+ and CD8+ cells 
stained positively with the antibody directed against MOR in the non-inflamed mucosa, an 
increased number of CD4+ T cells (blue), MOR+ (red) and CD4+/MOR+ cells was observed 
in the inflamed mucosa of CD patient. Scale-bar represents 5 µm. 
 
Figure 4: MOR and TNFα mRNA expression in patients with IBD and controls 
Quantification of MOR (black) and TNFα white  mRNA by real-time RT-PCR in (A) PBMC 
and (B) purified monocytes, CD4+ and CD8+ T cells of patients with CD, UC and controls. 
The number of patients and statistical significance are indicated and results are expressed as 
the mean ± SEM. * p<0.01; ** p<0.02; & p<0.05. 
 
Figure 5: Cytokine-induced regulation of MOR in the lymphocytic (Jurkat) and 
monocytic (THP1) human cell lines.  
(A): Quantification of MOR mRNA in Jurkat and THP1 cell lines treated with CAPE 2H, 
TNFα 2H and TNFα +CAPE 2H compared to non-treated cells. Statistical significance with 
non-treated cells are indicated and results are expressed as the mean ± SEM. * p<0.01; ** 
p<0.05. 
(B): MOR immunostaining in Jurkat and THP1 cell lines treated or not for 2 hours with 
TNFα, IFNγ and IL-1β (magnification x1000). Control consisting to the use of normal 
rabbit immunoglobulins was negative. 
 
Figure 6: Effect of DALDA on TNFα production in organ cultures of colonic biopsies 
Levels of TNFα mRNA quantified by real time PCR in human colon biopsies after 24 hours 

of culture with medium alone (black) and two concentrations of DALDA 1µM (grey) 
and 10µM (dark grey). The number of samples and statistical significance are 
indicated. Results are expressed as the mean ± SEM fold inhibition compared to 
control (medium alone). The number of experiments and statistical significance (*: 
p<0.01) are indicated. 
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