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Abstract
AIM: To investigate the function of monocytes in Crohn’s 
disease (CD) patients and to correlate this with disease-
associated nucleotide-binding oligomerization domain-2 
(NOD2) gene variants.

METHODS: Monocytes from 47 consecutively referred 
CD patients and 9 healthy blood donors were cultured 
with interleukin (IL)-4 and granulocyte-macrophage 
colony-stimulating factor (GM-CSF), and stimulated with 
lipopolysaccharide (LPS) or muramyldipeptide (MDP), the 
putative ligand of NOD2. 

RESULTS: We found that monocytes from CD patients 
differentiated in vitro  to mature dendritic cells (DCs), as 
determined by immunophenotype and morphology. NOD2 
genotype was assessed in all subjects, and we observed 
high CD86 expression on immature and LPS-stimulated 
DCs in NOD2 mutated CD patients, as compared with 
wtNOD2 CD patients and controls. By contrast, CD86 
expression levels of DCs induced to maturity with MDP 
derived from NOD2-mutated subjects were comparable 
to those of normal subjects. The amount of IL-12p70 in 
patient-cell cultures was larger than in controls after LPS 
treatment, but not after treatment with MDP.

CONCLUSION: Our results suggest that DCs obtained 
from patients with mutations in the NOD2 gene display 
an activated phenotype characterized by high CD86 
expression, but have a diminished response to MDP 
when compared to the terminal differentiation phase. We 
speculate that the altered differentiation of monocytes 
might lead to an imbalance between inflammation and 
the killing ability of monocytes, and may be relevant to 
the pathogenesis of CD. 
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INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory disorder of  
the gastrointestinal tract, influenced by both environmental 
factors and genetic predisposition[1-3]. A significant advance 
in the understanding of  its pathogenesis was achieved by 
the identification of  nucleotide-binding oligomerization 
domain-2 (NOD2) as the first susceptibility gene for CD 
in Caucasian populations[4,5]. This was the demonstration 
that a frameshift mutation (1007fs) and two nucleotide 
polymorphisms (R702W and G908R) in the coding 
region of  NOD2 predispose people to the disease. Since 
the identification of  NOD2 mutations associated with 
CD, much attention has been given to the function of  
monocytes in which this gene is constitutively expressed[6-8]. 

The idea that the NOD2 protein is involved in the 
induction of  nuclear factor-kappa B (NF-κB) pro-
inflammatory signaling pathways in response to bacterial 
infections may be relevant for understanding the role of  
intestinal bacteria in CD[9-12]. Indeed, functional assays 
on CD-associated isoforms of  NOD2 have yielded 
controversial results concerning the production of  
inflammatory cytokines and responses to bacteria. NOD2 
has been shown to act as both an inducer and a regulator 
of  NF-κB and cytokine production[13,14]; more precisely, 
muramyldipeptide (MDP)-induced activation of  NF-κB 
lacks mononuclear cells in CD patients homozygous for 
the 1007fs mutation[15]. Conversely, interleukin (IL)-12 
production induced by toll-like receptor 2 (TLR2) is 
negatively regulated in mice by MDP co-stimulation of  
NOD2; although this effect is absent in NOD2-/- mice[14]. 
Moreover, cells obtained from knock-in mice for the 
3020insC NOD2 mutation show enhanced NF-κB activity, 
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as well as increased production of  IL-1β after MDP 
stimulation[10]. It is noteworthy that this pro-inflammatory 
phenotype is also associated with an impaired response 
to Listeria monocytogenes challenge[13]. These data show that 
CD patients’ lymphomonocytes have a defect in the stress-
induced production of  IL-8, which may be responsible for 
the impaired response to bacteria[16,17].

Taken together, these data suggest a complex pathogenic 
model of  CD, in which genetic factors favor an imbalance 
between the inflammatory response and the killing of  
mucosal bacteria. This is similar to the picture observed in 
some primary immunodeficiencies. Indeed, a histological 
lesion typical of  CD, chronic granuloma, is common also in 
some deficiencies of  the phagocytic immune system such as 
chronic granulomatous disease, congenital neutropenia and 
Wiskott-Aldrich syndrome[18,19]. Based on this, granulocyte-
macrophage colony-stimulating factor (GM-CSF) has 
been beneficially used in patients affected by CD, probably 
through strengthening their natural immunity[20-22], although 
it shows no direct anti-inflammatory activity.

We thus hypothesized that, besides the inflammatory 
response itself, the function of  the monocyte-derived 
immune system may be impaired in CD patients because 
of  mutations in the NOD2 gene. Therefore, we looked for 
possible defects in monocyte differentiation in CD patients 
and the relationship with the NOD2 genotype.

MATERIALS AND METHODS
Patients
The subjects in this study were 47 patients consecutively 
referred to our institute for CD, 28 males and 19 females, 
with a mean age of  16.6 (range 4-33) year, and a mean age 
at diagnosis of  12.8 year (range 1 mo-18 year). All 47 CD 
patients were sporadic cases. Thirty had active disease and 
17 had clinical, echographic and endoscopic remission 
at the time of  analysis. For NOD2 genotyping, a control 
group of  69 blood donors was analyzed. For the functional 
study of  monocytes, the control group was 9 healthy adult 
blood donors (5 males and 4 females, mean age 24.3 years, 
range 21-38) who tested negative for CD-associated NOD2 
variants. The study was approved by our local independent 
ethics committee, and informed consent was obtained from 
all patients (or their parents) and blood donors. 

Genetic analysis
Patients were genotyped for R702W and G908R mutations 
(identified by PCR amplification and enzymatic digestion) 
and for the 1007fs mutation (analyzed by amplification and 
sequencing). DNA was extracted from peripheral blood of  
patients and controls using a Genomix kit (Talent, Italy). 
PCR reactions were performed using specific primers for 
the three mutations (sequences are shown in Table 1), Taq 
polymerase (Amplitac Gold, Applied Biosystems, Foster 
City, CA, USA) and a thermal cycler Gene Amp 9700 (PE 
Applied Biosystems). After denaturing at 95℃ for 10 min, 
amplification was obtained after 35 cycles at 95℃ for 30 s,  
55℃ for 30 s, and 72℃ for 30 s. For just the 1007fs 
mutation, 10 amplification cycles at 95℃ for 30 s, 53℃ 
for 30 s, and 72℃ for 30 s, followed by another 35 cycles 
at 95℃ for 30 s, 53℃ for 30 s (touch down step: decrease 

of  0.5℃/cycle), and 72℃ for 30 s. A final step at 72℃ for 
7 min was used to stop the reactions. A restriction enzyme 
digestion assay was performed to detect both R702W 
and G908R using Msp1 and HhaI, respectively. After 
digestion, the presence of  a wild-type allele resulted in 
an intact fragment, whereas the variant was characterized 
by two bands. PCR react ion products underwent 
electrophoresis on 1.5% agarose gels and were visualized 
by ethidium bromide staining. Sequencing was carried 
out for 1007fs detection. Reactions were performed with 
a Big Dye Terminator Cycle Sequencing Ready Reaction 
kit (PE Applied Biosystems) and on an ABI PRISM 3100 
Sequence Detector. Subjects with at least one heterozygous 
CD-associated variant were categorized as mtNOD2, while 
patients with a homozygous wild type NOD2 sequence 
were categorized as wtNOD2.

Cell isolation and dendritic cell generation
To generate ex vivo dendritic cells (DCs) from patients 
and controls, mononuclear cells were isolated by Ficoll 
separation density-gradient centrifugation, resuspended 
at a concentration of  2-5 × 106 cells/mL in complete 
RPMI-1640 medium containing 0.1% fetal calf  serum 
(FCS), and allowed to adhere to the well surface of  24-well 
flat bottom plates (Corning, New York, USA) for 30 min 
at 37℃ in a 5% CO2 incubator[23]. After washing twice 
with PBS to remove non-adherent cells, monolayer cells 
were cultured for DC differentiation in 0.5 mL RPMI-1640 
supplemented with 10% FCS, 100 U/mL penicillin,  
100 µg/mL s t reptomyc in , 500 ng/mL GM-CSF 
(Strathmann Biotec AG, Germany), and 500 ng/mL IL-4 
(Strathmann Biotec). After a 3-d culture, 100 µL medium 
was replaced with a fresh one containing the above-
mentioned cytokines. Cell morphology was monitored 
by light microscopy. Analysis of  cell surface marker 
expression was performed on a suspension of  cells 
harvested on d 8.

Stimulation of DCs
On d 6 of  culture, immature DCs were further maturated 
by adding either 100 ng/mL lipopolysaccharide (LPS; 
Sigma-Aldrich, Italy) plus 500 ng/mL interferon-γ (INF-γ; 
Strathmann Biotec) or 500 ng/mL MDP (Sigma-Aldrich) 
plus 500 ng/mL INF-γ for two more days. After 48 h 
stimulation, cells were harvested and analyzed by flow 
cytometry.

Flow cytometry analysis
Cell surface marker expression was evaluated by triple 

Table 1  Sequence primers used for detection of NOD2 
mutations

Primers Sequence 

Arg702W (forward) 5’-GGCGCCCCTGGAATTC-3’
Arg702W (reverse) 5’-CCTCACCCGGTGCAGC-3’
Gly908Arg (forward) 5’-CCCAGCTCCTCCCTCTTTC-3’
Gly908Arg (reverse) 5’-AAGTCTGTAATGTAAACGCCAC-3’
Leu1007fsinsC (forward) 5’-GAATGTCAGAATCAGAAGGG-3’
Leu1007fsinsC (reverse) 5’-GTCTCACCATTGTATCTTCTTTTC-3’
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immunofluorescence staining with the following monoclonal 
antibodies: anti-CD80-FITC, anti-CD86-PE, anti-CD83-
PE, anti-CD1a-PE, anti-CD33-TC (Caltag Laboratories, 
Burlingame, CA, USA), anti-CD14-FITC (clone TUK4; 
Dako Cytomation, Denmark) and anti-HLADR FITC 
(Becton Dickinson, San Jose, CA, USA). Samples were 
acquired using a FACScan f low cytometer (Becton 
Dickinson) and data analysis was performed using CellQuest 
software (Beckton Dickinson, San Jose, CA, USA). A total 
of  5000 events were analyzed for each sample.

Cytokine quantification
Supernatants of  cell cultures were harvested and stored at 
-80℃ until measurement of  cytokines. Production of  IL-
12p70 was quantified using an ELISA (Bender MedSystems, 
Burlingame, CA, USA) according to the manufacturer’s 
instructions.

Statistical analysis
The t test was used to evaluate significant differences. 
Statistical analysis was performed with the GraphPad 
Prism program (San Diego, CA, USA), and P < 0.05 was 
considered significant.

RESULTS
NOD2 allelic variants in CD
Seventeen of  the 47 CD patients were heterozygous 
for NOD2 allelic variants associated with CD, and 3 
were double heterozygous for two mutations. The 
allelic frequencies of  R702W, G908R and 1007fs NOD2 
variants in CD patients and healthy donors are shown in 

Table 2. There was no correlation in our series between 
disease activity, pharmacological treatment, inflammatory 
localization and NOD2 genotype. The mean Crohn’s  
Disease Activity Index (CDAI) and pharmacological 
treatments are summarized in Table 3.

High CD86 expression in immature DCs derived from 
NOD2-mutated CD patients
In order to obtain immature DCs, monocytes were first 
cultured with IL-4 and GM-CSF for 6 d and analyzed for 
the expression of  the two co-stimulatory molecules CD80 
and CD86. Under microscopy, the cells from CD patients 
and controls showed a typical dendritic morphology. 
Immunocytometry showed no significant differences in 
CD80 expression in either mtNOD2 or wtNOD2 patients 
as compared with controls. However, CD86 expression 
was higher in CD patients than in controls, although the 
difference was not significant; however, it tended to be 
much higher when mtNOD2 patients were compared to 
wtNOD2 patients and controls (P = 0.04) (Figure 1).

Greater effect of LPS as compared to MDP on CD86 
upregulation in NOD2-mutated CD patients 
After LPS stimulation, terminal differentiation was 
obtained in DCs in patients and controls. Cells expressed 
high levels of  activation/maturation markers, such as 
CD83, HLADR and CD1a, without any statistically 
significant differences among groups (Figure 2). Indeed, 
DCs from mtNOD2 patients tended to show higher CD83 
expression levels, while those from wtNOD2 patients 
presented lower CD1a expression levels. MDP stimulation 
did not alter these results. Different behavior was shown 

Table 2  Genotype and allelic frequencies for NOD2 variants in 
CD patients and controls

CD (n  = 47) Healthy controls (n  = 69)
Genotype
   Hz 17/47 (36.1%)             4/69 (5.8%)
   Double Hz   3/47 (6.4%)             0
   mtNOD2 20/47             4/69
   wtNOD2 27/47             0/69
Allelic frequencies
   R702W 5.30%             1.45%
   G908R 7.45%             0.75%
   1007fs 8.50%             0.75%

Table 3  CDAI and drug therapy in mtNOD2 and wtNOD2  
patients

  mtNOD2 (n  = 20) wtNOD2 (n  = 27)

CDAI    24.5    25.2
Active disease 14 16
Steroids   7   9
Methotrexate   1   1
Azathioprine   4   5
Aminosalicylic acid   6   8
Salazopyrine   4   4
Infliximab   1   1
Thalidomide   4   5
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Figure 1  Expression of CD80 (A) and CD86 (B) in immature DCs, derived from 
healthy donors, and mtNOD2 and wtNOD2 patients. aP < 0.05, Student’s t test.
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by CD86 in mtNOD2 patients compared to wtNOD2 
patients and healthy donors (Figure 3). A significantly 
greater up-regulation of  CD86 was shown in mtNOD2 
after LPS stimulation compared to after MDP stimulation 
(P = 0.016). This difference was completely absent in 
wtNOD2 and controls.

High levels of IL-12p70 expression in LPS-matured DCs 
from CD patients 
MDP and LPS stimulation of  monocyte cultures from 
patients and healthy donors was evaluated by measuring 
the production of  the bioactive form of  IL-12p70  
(Figure 4), a major regulatory cytokine of  the adaptive 
immune response. LPS induced higher levels of  cytokines 
in CD patients (whether mtNOD2 or wtNOD2) (mean 
values ± SD: 291 ± 42 pg/mL in mtNOD2 and 285 ± 61 
pg/mL in wtNOD2) in comparison to controls (112 ± 38.2 
pg/mL), which showed a statistically significant difference 
(P < 0.05). MDP, on the other hand, was inactive, thus 
preventing cytokine production in DCs from CD patients 
(mean values ± SD: 3.2 ± 7.15 pg/mL in mtNOD2 and  

2.8 ± 6.2 pg/mL in wtNOD2) and healthy donors (1.94 ± 
3.46 pg/mL, P = 0.0079).

DISCUSSION
Although several genes involved in CD have been 
described to date, the pathogenesis of  the disease remains 
largely unknown[24,25]. It is thought that the disease arises 
from abnormal crosstalk between a changing intestinal flora 
and the host in the presence of  a genetic background able 
to influence the integrity of  the intestinal barrier and/or  
the functioning of  the innate immune response[1,26]. Since 
the identification of  NOD2 mutations is associated with 
CD, much attention has been placed on the functions of  
monocytes in which this gene is constitutively expressed[6]. 
It has been hypothesized that some sl ight innate 
immunity defects may underlie the pathogenesis of  CD. 
Kramer et al have recently identified a defect in response 
to MDP stimulation of  DCs obtained from patients 
with homozygous 3020insC NOD2 mutations, which 
suggests that a defect in the production of  cytokines like 
IL-10 plays a role in the pathogenesis of  the disease, by 
diminishing immune tolerance to intestinal bacteria.
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Figure 2  Expression of CD83 (A), CD1a (B) and HLADR (C) in DCs, derived from 
healthy donors, and mtNOD2 and wtNOD2 patients, without stimulus , after LPS 
or MDP stimulation.
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Figure 4  IL-12p70 levels (pg/mL) in monocyte-culture supernatants after 
stimulation with LPS (■) or MDP (□) in mtNOD2 and wtNOD2 patients and healthy 
controls. aP < 0.05 LPS- vs MDP-stimulated mtNOD2 patients, LPS- vs MDP-
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patients and healthy donors without stimulus, after LPS or MDP stimulation.  
aP < 0.05 LPS- vs MDP-stimulated mtNOD2 patients, Student’s t test.
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In this work, we tested the ability of  monocytes from 
CD patients to differentiate in vitro into DCs. The results 
indicated that monocytes differentiated into DCs using 
conventional stimuli. However, DCs obtained from 
CD patients with mtNOD2 showed some differences in 
their expression of  activation antigens before and after 
stimulation. These differences are not likely to depend 
on disease activity or drugs, as the NOD2 genotype 
did not influence such aspects in our study (as in other 
published series). The most striking difference is the 
elevated expression of  CD86 on immature mtNOD2 
DCs. Moreover, the mtNOD2 group displayed a greater 
difference in CD86 up-regulation after LPS as compared 
to MDP stimulation. This was partially in agreement 
with the observations of  Kramer et al [27] in patients 
with a homozygous 3020insC NOD2 mutation, whose 
DCs failed to up-regulate CD80 and CD86 upon MDP 
stimulation. In our experiment, it was of  particular interest 
that the expression of  these activation markers was 
higher in immature cells, thus suggesting a continuous 
stimulation of  these cells in vivo. Indeed, a high expression 
of  activation markers on peripheral blood monocytes 
from CD patients has been reported[28]. Moreover, it 
is noteworthy that we could see these differences in 
heterozygous mtNOD2 subjects when compared to 
wtNOD2 CD patients and controls. This suggests some 
interference of  mutated and normal proteins, perhaps in 
the process of  homodimerization[29].

In conclusion, we showed that DCs obtained from 
patients with mutations in NOD2 tended to be more 
activated than those obtained from wtNOD2 and controls. 
However, during terminal differentiation, these DCs were 
less responsive to MDP compared to LPS. This may be 
the cause of  an imbalance between inflammation and the 
killing ability of  monocytes that may be relevant to the 
pathogenesis of  CD. 

 COMMENTS
Background
Crohn's disease (CD) is a chronic inflammatory disorder of the gastrointestinal 
tract. The incidence of the disease is rising in countries with improving socio-
economic conditions. Although several hypotheses have been raised about the 
environmental factors involved in the risk of CD, the issue remains unresolved. 
Genetic data have recently identified genes responsible for susceptibility to CD 
and provided new tools for studying interactions between the immune system and 
the environment in the pathogenesis of CD.

Research frontiers
Several lines of evidence suggest that the disease may arise from an altered 
sensing of the microbial environment in the gut by the innate immune system. (1) 
CD patients produce antibodies against common intestinal commensal microbes. 
(2) Elemental diet is an effective treatment for CD. (3) Variants of the NOD2 gene, 
which is involved in control of inflammatory responses to bacteria in monocytes, 
confer susceptibility to CD. (4) An inflammatory disease of the gut is typical of 
most primary immunodeficiencies involving the innate system. (5) Granulocyte 
monocyte-colony stimulating factor (GM-CSF) has been shown to ameliorate CD. 
However, the study of NOD2 mutants has brought controversial results regarding 
the interpretation of CD pathogenesis. The study of the behavior of CD monocytes 
can help clarify this issue.

Innovations and breakthroughs
Most previous studies have analyzed NOD2 mutations in cellular models, 
and have concluded that the consequences of NOD2 mutation are either pro-

inflammatory (activation of nuclear factor-κB) or a deficiency in response to 
bacteria. However, the situation in vitro is more complex. We demonstrated 
abnormal behavior of monocytes from CD, with an easier capacity to become 
activated but with only minor ability to complete differentiation. While other studies 
have shown a defective differentiation only for NOD2 homozygous patients, we 
demonstrated that some differences may be present also in heterozygous patients. 
We hypothesized that the altered differentiation of monocytes might lead to an 
imbalance between inflammation and the killing ability of monocytes, and therefore 
is probably relevant to the pathogenesis of CD.

Applications 
This study can help in the understanding of the therapeutic paradox of a disease 
that can be treated both with anti-inflammatory drugs and with cytokines able 
to strengthen the innate immune response. Further studies will be needed to 
determine those CD patients who are more likely to receive benefits from these 
two different treatment options.

Terminology
wtNOD2 represents the form of the gene without mutations. DCs are the most 
effective cells in presenting antigens to and stimulating T cells. They can develop 
from monocytes and histiocytes. Muramyldipeptide (MDP) is the minimal bioactive 
peptidoglycan motif common to all bacteria, and it is the essential structure 
required for adjuvant activity in vaccines.

Peer review
Generally this is a well written paper and provides further evidence concerning the 
effects of NOD2 mutants on immune responses to bacterial stimuli.
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