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OBJECTIVES: The Cannabinoid Receptor type 2 (CB2) is involved in inflammation and immune cell modulation. In previous studies,
we demonstrated the association between the CNR2 rs35761398 polymorphism and the risk for pediatric inflammatory bowel
disease (IBD). In this study, we analyzed the intestinal biopsies from Crohn disease (CD) and ulcerative colitis (UC) pediatric patients
at the diagnosis to evaluate the expression of CB2 and several factors associated with IBD inflammatory pathways.
METHODS: We enrolled five patients with CD, five with UC, and five controls (CTR). We analyzed ileum and rectum biopsies from
patients of each group evaluating the expression of CB2, Toll-like receptor 4, interleukin-6, and interleukin-1β by western blot and
immunofluorescence.
RESULTS:Western blot analysis showed a significant increase of CB2 in the CD ileum and in the UC rectum biopsies and an increase
of TLR4 in the UC rectum. We also observed a significant over-expression of the IL-6 in UC rectum. The immunofluorescence
analysis confirmed western blot data, showing also a T-lymphocytes infiltration colocalized with CB2 expression in the CD ileum
and UC rectum.
CONCLUSIONS: Our results show an upregulation of CB2 in pediatric IBD, which might have implications for drug discovery.

Pediatric Research (2023) 93:520–525; https://doi.org/10.1038/s41390-022-02109-5

IMPACT:

● The Cannabinoid Receptor type 2 (CB2) is involved in the inflammation and modulation of the immune response in pediatric
inflammatory bowel disease (IBD).

● CB2 receptor is more expressed in the inflamed intestine of pediatric IBD patients.
● CB2 could be used as a potential therapeutic target to reduce IBD-related inflammatory state in childhood.

INTRODUCTION
The endocannabinoid (EC) system has been shown to be
implicated in maintaining immune system homeostasis, as well
as in modulating inflammatory processes in gut inflammatory
conditions.1 Cannabinoid receptor type 2 (CB2), encoded by the
cannabinoid CB receptor gene (CNR2), is mainly involved in
immune cell regulation.2 A variant of CB2 encoding gene
(rs35761398), so-called CB2 Q63R, has been suggested to be
responsible for a less functional receptor isoform and it is
associated with an increased risk of the development of
inflammatory and autoimmune disorders.3 Our group described
for the first time, the association between the CNR2 rs35761398
polymorphism and the risk for pediatric IBD, especially with Crohn
disease (CD). Moreover, we found that this variant was also
associated with a more severe phenotype in both ulcerative colitis
(UC) and CD.4 Several studies suggest that gut inflammation is
associated with hyper-expression of cannabinoid receptors,
together with increased levels of the acylethanolamides including

anandamide (AEA) and its relative enzymatic machinery, that
suppresses T-cell proliferation and inhibits IL-2, TNF-α, and INF-γ
release from activated T-lymphocytes.5 Wright et al. recently
suggested a compensatory anti-inflammatory role of the CB2
receptor that was increased in the epithelium of colonic tissue in
the acute phase of adult IBD patients concurrently to the reduced
secretion of IL-8.6 Indeed, cannabinoids can exert a modulatory
effect on the release of several inflammatory cytokines.7 In
particular, it has been demonstrated that macrophages and
T-lymphocytes activation in inflamed intestinal mucosa leads to
the release of proinflammatory cytokines, including interleukin-1
(IL-l-α and IL-1-β), interleukin-6 (IL-6), and TNF-α, which have been
shown to be increased in CD and UC patients when compared to
the mucosa of control patients.8

Moreover, it has been shown a key role of Toll-like receptors
(TLRs) and TLR-activated signaling pathways in the IBD pathogen-
esis. The upregulation of TLR4 induces intestinal neutrophils and
macrophages infiltration and consequent release in the colon of
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inflammatory mediators9 such as IL-1β, TNF-α, and IL-6 with tissue
deterioration not only contributing to the onset of the disease but
also to its development.10,11 On the contrary in a normal
physiologic condition, its lower expression contributes to mucosal
integrity and protects the gut against microbes.
Considering the well-known involvement of these signaling

pathways in IBD pathogenesis, the aim of the current study was to
analyze the intestinal biopsies from pediatric patients with UC and
CD to evaluate the expression of CB2 receptor and key factors
associated with inflammatory pathways in pediatric IBD.

MATERIAL AND METHODS
Patients
Our study population included 15 young subjects aged less than 18 years
stratified into three groups on the basis of the clinical diagnosis: 5 were
affected by CD (13 median age years; 80% males), 5 affected by UC (10
median age years; 80% males), and 5 were non-IBD controls (CTR) (11
median age years; 60% males) attending the Department of Pediatrics of
the University “Vanvitelli” between September 2020 and April 2021. CTR
were subjects who performed ileocolonoscopy to remove juvenile polyps.
All IBD patients were enrolled at diagnosis during acute inflammation
before the start of medical treatment. Demographic and clinical
characteristics of patients are reported in Table 1. The diagnosis of CD
and UC was based on clinical, endoscopic, radiologic, and histopathologic
criteria.12 The Ethics Committee of the University “Vanvitelli” approved the
study protocol with the registration number Prot. 0013347/i. Written
informed consent was obtained from parents and approval was acquired
from children before any interventions.

Western blotting
We analyzed ileum and rectum biopsies from CD, UC patients, and CTR. In
these tissues, we evaluated the expression of CB2, TLR4, and of the
proinflammatory cytokines IL-6 and IL-1-β. Proteins were isolated from
ileum and rectum biopsies via lysis buffer (Millipore, Italy). The quantitation
of the total protein concentrations was determined with the Bradford dye-
binding method (Bio-Rad, Hercules, CA). The expression of CB2 and
proinflammatory cytokines in the total lysates derived from biopsies was
analyzed by western blot (WB) using Rabbit Polyclonal anti-CB2 (dilution 1:
500; Elabscience catalog number E-AB-30780), Rabbit Polyclonal anti-TLR4
(dilution 1: 500; MyBioSource catalog number MBS129143); Rabbit
Polyclonal anti-IL-6 (dilution 1: 500; Abcam catalog number ab6672);
Monoclonal anti-IL-1β mouse (dilution 1: 200 Santa Cruz catalog number
SC-32294) and with secondary antibodies, Goat Anti-Rabbit IgG (H+L)-HRP
Conjugate (dilution 1:5000; Bio-Rad, Hercules, California) and Goat Anti-
Mouse IgG (H+L)-HRP Conjugate (dilution 1:2000; Bio-Rad, Hercules,
California) respectively. A single blot was analyzed sequentially with
multiple antibodies by stripping each antibody from the blot and
subsequently incubating it with an additional antibody. Reactive bands
were visualized by chemiluminescence (Immobilion Western Millipore)
using a C-DiGit blot scanner (LI-COR Biosciences). A mouse monoclonal
anti-β-tubulin antibody (dilution 1: 5000; Elabscience) or a mouse
monoclonal β-actin (dilution 1:100; Santa Cruz) were used as housekeeping

proteins. Finally, using the “Image studio Digits ver. 5.0 “software images
were acquired and analyzed.

Immunofluorescence
Biopsies were included in optimal cutting temperature compound (OCT
embedding compound) and slices were cut under cryostat and mounted
onto slides. Slices were incubated with rabbit polyclonal anti-CB2 (1:500;
Abcam), mouse polyclonal anti-CD4 (1:500; Santa Cruz), rabbit anti-IL-1β
(1:500; Elabscience), rabbit polyclonal anti-IL-6 (1:500; Abcam), rabbit anti-
TLR4 (1:500; Santa Cruz Biotechnology). After three washes with PBS cells
were incubated 1 h and 30min with the secondary antibody donkey anti-
rabbit IgG-conjugated Alexa FluorTM568 or donkey anti-rat or -donkey
anti-mouse Alexa FluorTM488 (1:1000; Molecular Probes). Slices were
visualized under a Leica fluorescence microscope. The number of profiles
positive for CB2 and CD4 markers was determined within a box measuring
1.227.000 px2 in the lateral and central areas of the sections.

Statistical analysis
Statistical analyses on biochemical data were performed using the
Student’s t-test and confirmed by ANOVA test (GraphPad Software) to
evaluate differences between quantitative variables. Data are expressed as
mean ± SD. A p value ≤0.05 (*) was considered statistically significant.

RESULTS
Characterization of biopsies from UC and CD patients by
western blotting analysis
WB was performed to evaluate protein expression levels of CB2
and TLR4, IL-6, and IL-1β in intestinal biopsies from pediatric
patients with UC and CD. The expression of CB2 was significantly
higher in the ileum biopsies of CD (p < 0.05 CD) and in the rectum
biopsies of UC (p < 0.05 UC) compared to the CTR (Fig. 1a, b). The
expression of TLR4 was increased in the ileum biopsies of CD
patients, whereas a statistically significant enhancement was
observed in the rectum of UC patients (p < 0.05 UC) (Fig. 2a, b). WB
analysis also revealed a significant over-expression of the
proinflammatory cytokine IL-6 in the rectum biopsies of UC
children compared to children with CD and CTR (UC p ≤ 0.5)
(Fig. 3b). In CD ileum biopsies the expression of IL-6 was
significantly higher as compared to UC and CTR (Fig. 3a). Finally,
IL-1β expression was increased in rectum biopsies of CD
compared to CTR patients (Fig. 4b).

Characterization of biopsies from UC and CD patients by
immunofluorescence analysis
In order to strengthen the biochemical data, we performed also
immunofluorescence analysis to evaluate CB2, TLR4, IL-6, and IL-
1β expression. According to biochemical data, the immunofluor-
escence analysis confirmed that CB2 receptor was mainly
expressed in the inflamed tissues, ileum biopsies of CD, and

Table 1. Demographic and clinical characteristics of patients.

CD patients (n= 5) UC patients (n= 5) CTR patients (n= 5)

Median age, years 13 10 11

Sex (male/female) 4/1 4/1 3/2

Median BMI (kg/m2) 18.3 19.1 21

Median ESR (mm/h) 32 21 11

Median CPR (mg/L) 12.5 10.8 2

Median calprotectin (µg/g) 250 200 30

Median PLT (×103/mL) 369.7 283.5 324.2

Median Hb (g/dL) 11.2 11.5 13.3

PUCAI – 45 –

PCDAI 30 – –
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rectum biopsies of UC patients as compared to CTR (Fig. 1c, d). In
addition, in the ileum biopsies of CD patients and in the rectum
biopsies of UC patients, CB2 was mainly localized in CD4-positive
cells, indicating T-lymphocytes infiltration (Fig. 1c, d). Interestingly,
TLR4 staining was increased in ileum biopsies of CD patients and

in rectum biopsies from UC patients (Fig. 2c, d). The diffuse-
positive staining for IL-6 confirmed an over-expression of IL-6 in
rectum biopsies of UC children compared to children with CD and
CTR (Fig. 3d), and in CD ileum biopsies (CD vs CTR p ≤ 0.5) (Fig. 3c).
Moreover, confirming biochemical data, the IL-1β staining was
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Fig. 2 Western blot images of TLR4 protein expression in the ileum and rectum biopsies from five Crohn disease (CD) and five ulcerative
colitis (UC) patients compared with biopsies from five healthy subjects (CTR). The most representative images are displayed. The relative
quantification for TLR4 expression is represented in histogram as mean ± SD. a, b TLR4 receptor immunofluorescence staining (red) of CD
ileum and UC rectum compared with CTR. The number of TLR4-positive cells is represented in histogram as mean ± SD. c, d A t-test and an
ANOVA have been used for statistical analysis. *p ≤ 0.05 compared to CTR.
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increased in rectum biopsies of CD children as compared to CTR
(CD vs CTR p ≤ 0.5) (Fig. 4c, d).

DISCUSSION
To the best of our knowledge, this is the first pediatric study that
investigates the expression of CB2 receptor at the site of intestinal
inflammation and provides evidence for its distribution in the
human intestine given that gut epithelium is pivotal to host
defense.13 Both CB1 and CB2 play a crucial role in modulating the
immune response, but their different localization could explain the
different involvement in this biological process. CB1 receptor
exerts its function principally in the central nervous system
(CNS),14 where it affects the neurotransmitter release at axonic
terminals and acts as an anti-inflammatory mediator.15 Instead,
CB2 has a more consistent role in the peripheral regions, which is
mainly involved in the immune cell regulation.2 On the basis of
their different role and localization, we decided to focus our study
on CB2 expression. The enhancement of CB2 receptor found in the
epithelium of IBD tissue suggests an additional role for this
receptor in the inflammatory process. Previous reports conducted
in adults highlighted CB2 immunoreactivity in the epithelium of
colonic tissue of IBD patients.6 Moreover, an anti-inflammatory
role for CB2 in the colonic epithelial cell line HT29 has also been
reported.16 Increased levels of IL-8 are believed to contribute to
the pathogenesis of IBD,17 and CB2-mediated inhibition of IL-8
secretion from HT29 cells supports an anti-inflammatory role for
CB2 in IBD. In addition, the activation of rat intestinal CB2
receptors in response to lipopolysaccharide (LPS) to inhibit
intestinal transit, highlights the possibility that CB2 mediates this
mechanism for the re-establishment of normal gastrointestinal
transit after an inflammatory stimulus.18 These findings highlight
the potential therapeutic role of the pharmacological manipula-
tion of the EC system (selective agonists or EC degradation
inhibitors) for IBD, which proved their efficacy in preclinical
studies.19 It has been shown that the EC modulation ameliorates
also IBD symptomatology; therefore, CB2 could have a double
potential to reduce the inflammation and improve the quality of
life of IBD patients.20 Interestingly, we found an increased
expression of CB2R on CD4 lymphocytes and the present data
support the concept that the CB2 receptor on immune effector
cells may represent a potential target for selective CB2 agonist
therapies, which could suppress the immune-inflammatory
response. Besides their effects on the CNS and on gastrointestinal
motility, the anti-inflammatory properties of cannabinoid prepara-
tions have long been known, and recently their potential role in
modulating the immune response has also been demonstrated.21

Recent studies have shown that CB2 is also able to regulate pyrin
domain-containing 3 inflammasome (NLRP3).
Several studies explored factors activating the NLRP3 inflamma-

some, among which TLR4 has been proposed. This latest, when
activated by LPS, triggers the first-step activation of the NLRP3.
Accordingly, the suppression of TLR4 and NF-κB expression
inhibits the NLRP3 inflammasome activation, thus the modulation
of this pathway could represent an effective strategy for the
treatment of IBD.22 Indeed, the inflammasome plays an important
role in the pathogenesis and development of IBD and its
activation promotes the maturation of proinflammatory cytokines
such as IL-1β, IL-6, and IL-18.23 NLRP3 activation induces an
increase in serum IL-1β levels and aggravates the disease in IBD
patients.23 CB2 inhibits NLRP3 inflammasome activation through
inducing adenosine 5′-monophosphate-activated protein kinase-
mammalian target of rapamycin-p70 ribosomal protein S6 kinase
signaling-mediated autophagy24 supporting our hypothesis on
the potential use of CB2 stimulation as an alternative therapy.
Moreover, the selective stimulation of the CB2 receptor is free of
psychotropic effects, thus allowing possible therapeutic use in
childhood.

CONCLUSION
In this study, we evaluated TRL4 and proinflammatory cytokines
expression in intestinal biopsies of IBD pediatric patients observing
their upregulation and thus confirming their involvement in
intestinal inflammation. Moreover, we evaluated CB2 receptor
expression observing an important enhancement of the receptor
on CD4 lymphocyte suggesting a role of CB2 in modulating
inflammation and immune response also in childhood.
Certainly, further investigation is needed to confirm these data

in a larger number of samples and to perform in vivo investiga-
tions in order to evaluate the effects of the pharmacological
modulation of CB2 on proinflammatory cytokines release and
immune cell activation. Despite these limitations, the possibility to
obtain samples from pediatric subjects is certainly an important
and noteworthy strength of our study.
In conclusion, our data collectively suggest a role of CB2

receptor also in the pathogenesis of pediatric IBD and we
speculate it could be a possible pharmacological target for
reducing the IBD-related inflammatory state.
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