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Goals: We conducted a case-control association analysis to estab-
lish the role of a common CB2 functional variant, Q63R, in the
susceptibility to inflammatory bowel disease (IBD).

Background: Endocannabinoids may limit intestinal inflammation
through cannabinoid receptor 1 and/or 2 (CB1, CB2).

Study: We genotyped 217 pediatric IBD patients [112 Crohn’s
disease (CD), 105 ulcerative colitis (UC)] and 600 controls for the
CB2-Q63R variant by Taqman assay. Data were collected from
clinical records on age at diagnosis, disease activity, duration and
location, extraintestinal manifestations, therapy, clinical relapses,
and need for surgery.

Results: We found a significant association of the CB2-R63 variant
with IBD (allele frequencies, P=0.04; genotype distributions,
P=0.0006), in particular with CD (allele frequencies, P=0.002;
genotype distributions, P=0.00005) and with UC only for genotype
distributions (P=0.03). RR carriers showed an increased risk for
developing IBD [odds ratio (OR)=1.82; P=0.0002 for IBD;
OR=2.02; P=10!1 for CD; OR=1.63; P=0.02 for UC at 95%
confidence interval]. Upon genotype-phenotype evaluation, RR
patients showed an increased frequency of moderate-to-severe disease
activity at diagnosis in the case of both CD and UC (P=0.01 and
P=0.02, respectively) and also an earlier clinical relapse in UC
(P=0.04). In UC, all the clinical features related to the CB2 risk
allele were still significantly associated with the variant when ana-
lyzed using a multivariate logistic regression model (P=0.001).

Conclusions: The CB2-Q63R variant contributes to the risk for
pediatric IBD, in particular CD. The R63 variant is associated with
a more severe phenotype in both UC and CD. Taken together, our
data point toward the involvement of the CB2 receptor in the
pathogenesis and clinical features of pediatric IBD.
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Inflammatory bowel disease (IBD) is an inflammatory
condition of the gastrointestinal tract that comprises 2

main forms: Crohn’s disease (CD) and ulcerative colitis
(UC). IBD is characterized by chronic inflammation,
remitting and relapsing episodes, and a progressive course
at diagnosis.1

The dysfunction of the mucosal immune system plays
a pivotal role in the pathogenesis of IBD.2–5

Innate and adaptive immunity contribute to triggering
and maintaining inflammatory events, resulting in IBD.3

Furthermore, the production and release of cytokines and
chemokines represents an important underlying mecha-
nism, able to drive inflammatory events at local and sys-
temic levels.4,5

Despite the therapeutic advances related to an
improved knowledge of the disease pathogenesis, alter-
native therapeutic approaches are necessary as IBD
patients are often resistant to treatment.

The endocannabinoid (EC) system has been recently
indicated as a possible therapeutic target in IBD.6–8 The EC
system includes the ECs, their G-protein-coupled cannabi-
noid receptors type 1 and 2 (CB1 and CB2), and the
enzymes for EC metabolism.9 It has been shown that a CB1
functional variant modulates UC susceptibility and CD
phenotype.10

Moreover, in both forms of IBD, genome-wide asso-
ciation studies have revealed a linkage in the region
1p36.11,12 Interestingly, the CNR2 gene, encoding for CB2,
maps in this region.

A common CNR2 variant, rs35761398 (CAA/CGG),
is associated with autoimmunity imbalance. The relative
glutamine-arginine substitution at codon 63, Q63R, affects
the response of CB2 to ECs. ECs produce a bias in the
balance between the 2 types of Th-cells, suppressing Th1
and enhancing Th2. The CB2-Q63R variant is involved in
this process, exerting a different inhibition of these cells
according to the presence of Q (AA-allele) or R (GG-
allele).13,14 The presence of R at codon 63 significantly
reduces the EC-induced inhibition of its effector cells, sug-
gesting the R63 variant as the less functional.14–18

The marked increase in the incidence of IBD in
childhood19 gives particular importance to our study. In a
pediatric population with IBD, genetic susceptibility could
be greater than environmental exposure and could influence
a more severe disease course, making genetic investigations
in pediatric IBD populations rewarding.

Pediatric populations can be particularly important in
unraveling the genetic basis of IBD. Indeed, genetic
advances in children with IBD demonstrated that genes can
play different roles in the development and expression of
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IBD and the effects of these genetic variants can be different
in children when compared with adults. Moreover, the
distinction between adult and pediatric IBD is a current
argument as children with IBD seem to be a distinctive
population with specific peculiarities requiring a highly
skilled and specialized approach for diagnosis and
treatment.20

On the basis of this rationale, we conducted a case-
control association analysis between the CB2-Q63R variant
and IBD in a cohort of 221 children with IBD from
Southern Italy, and evaluated possible correlations between
the CB2-Q63R variant and the clinical features of our
pediatric IBD patients.

MATERIALS AND METHODS

Study Population
The study population included 221 consecutive chil-

dren diagnosed with IBD between January 2001 and
August 2015. Moreover, 600 Italian healthy controls, pre-
viously recruited and genotyped for the CB2-Q63R variant,
were included.18 The demographic and clinical data of each
patient were retrospectively collected from medical records,
and an interview, including a questionnaire at the time of
enrollment, was conducted (Table 1). All data were col-
lected blind to the CNR2 genotype. Only children with at
least 1 year of follow-up were included.

Diagnosis of IBD was based on clinical history,
physical examination, radiologic studies, endoscopic
appearance, and histologic findings, according to the
revised Porto criteria.21

Ethical Considerations
The Institutional Review Board of the University of

Naples “Federico II” approved the study protocol and

questionnaire with the registration number 58/16. Written,
informed consent was obtained from parents, and patients
older than 13 years signed a statement of assent.

Phenotype Analysis
Disease activity was scored by the Paediatric Crohn’s

Disease Activity Index (PCDAI)22 or the Paediatric
Ulcerative Colitis Activity Index (PUCAI).23

CD and UC disease locations were categorized using
the Paris classification.24

CD disease behavior was categorized as fistulizing,
stricturing, or inflammatory using the Paris classification,24

and information regarding changes from one pattern to
another was collected.

Clinical relapse was defined as the occurrence or
worsening of symptoms accompanied by a clinical score of
>10 points, sufficient to require rescue treatment. Family
history was defined as positive if at least one first-degree or
second-degree relative was diagnosed with IBD. Extra-
intestinal manifestations included eye, joint, skin, or liver
involvement and persistent fever. The laboratory tests used
for inflammation parameters included the following:
erythrocyte sedimentation rate, C-reactive protein, hemo-
globin concentration, and fecal calprotectin.25–27

Molecular Screening
Informed consent from parents and assent from chil-

dren were obtained for genomic DNA extraction (Wizard
Genomic DNA Purification Kit, Promega, Madison, WI).

Genotype for the rs35761398 polymorphism was
assigned by using a Taqman assay (Real Master Mix Probe,
Eppendorf, Italy), as previously described.18 Genotypes of
random samples were confirmed by direct sequencing
(Applied Biosystem, Foster City, CA).

Statistical Analysis
The patients’ allele frequencies were tested for Hardy-

Weinberg with the Fisher exact test.
The Tukey post hoc test and Mood median test were

used for comparison of continuous variables, and the w2
test was used for categorical variables.

Data were normalized for age, sex, and z-score body
mass index. A P<0.05 was considered significant.

Multivariate logistic regression analysis, using poly-
morphism as a dependent variable, was performed to
explore the effect of all the parameters significantly asso-
ciated with the Q63R variant in the univariate analysis.

StatGraphics Centurion XV.II software (Adalta,
Arezzo, Italy; Statpoint Technologies Inc., VA) was used to
perform the analyses.

RESULTS

Association Between CB2 Polymorphism and IBD
We analyzed a cohort of 217 children with IBD (boys

50%; median age 13.1 y; range, 6 to 16 y). The clinical
features are summarized in Table 1.

By using the control frequencies of the 600 previously
genotyped controls (males 46%; median age 12.5 y; range, 4
to 16.8 y)18 (allele frequency of the minor AA-allele,
encoding for Q, was 0.42), we estimated that the genotype
frequencies of IBD patients were not distributed according
to Hardy-Weinberg (P=0.009). Stratifying with respect to
the type of IBD (CD or UC) the observed frequencies of
CD patients significantly differed from those expected

TABLE 1. Clinical and Demographic Characteristics of 217
Children and Adolescents With IBD

CD UC

Patients (n) 112 105
Males [n (%)] 67 (59.8) 42 (40)
Median age at diagnosis (range) (y) 9.9 (6-14) 12.5 (7-14)
Median disease duration (range) (y) 2.7 (0.6-4.2) 6.4 (2-8)
Positive family history [n (%)] 7 (6.2) 10 (9.5)
Extraintestinal manifestation [n (%)] 19 (16.9) 11 (10.5)
Location of disease, CD [n (%)]
L1 13 (12) —
L2 24 (21)
L3 45 (40)
L4 30 (27)

Perianal disease [n (%)] 23 (20.5) —
Disease extent, UC [n (%)]
E1 — 24 (23)
E2 24 (23)
E3 24 (23)
E4 33 (31)

Disease behavior, CD [n (%)] —
Inflammatory, B1 99 (88)
Stricturing, B2 8 (7)
Fistulizing, B3 5 (5)

Change in clinical behavior [n (%)] 18 (16) —
Need for surgery [n (%)] 12 (10.7) 2 (1.8)

CD indicates Crohn’s disease; IBD, inflammatory bowel disease; UC,
ulcerative colitis.
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(P=0.0004), whereas those of UC patients were dis-
tributed in equilibrium (P=0.24) (Table S1, Supplemental
Digital Content 1, http://links.lww.com/JCG/A294).

Accordingly, the allelic frequency of the AA-allele was
significantly decreased in CD patients with respect to con-
trols (w2=9.484; 1 df; P=0.002) and also comparison of the
genotype distribution revealed a significant difference in total
IBD and CD patients with respect to controls (P=0.0006,
0.00005, respectively). However, in UC patients only a sig-
nificant difference in genotype frequency distribution was
observed (P=0.03; Table 2). Interestingly, when comparing
CD with UC, the frequency of the CB2-Q63 variant was
significantly lower in CD, both for allelic and for genotype
distribution (Table 2). The GG/GG genotype frequency was
higher in patients with respect to controls (about 50% vs.
32%), with an increased susceptibility for RR homozygous
subjects to develop a kind of IBD, in particular CD at 95%

confidence interval [odds ratio (OR)=1.82, P=0.0002 for
IBD; OR=2.02, P=0.001 for CD; OR=1.63, P=0.02
for UC]. Considering the presence of at least 1 GG-allele
(homozygous RR plus heterozygous QR vs. QQ subjects),
the risk for developing CD was significantly higher (OR=
6.92, P=0.0002) (Table 3).

Association Between CB2 Polymorphism and
Disease Phenotype

Stratifying clinical features with respect to the CB2-
Q63R variant, we found an increase in disease activity
index in R63 variant (GG/GG) homozygous patients. In
particular, an increased frequency of moderate-to-severe
PCDAI at diagnosis was observed in CD patients carrying
the RR risk genotype (P=0.01) (Table 4). Similarly, UC
patients homozygous for the R63 variant showed a more
active disease at diagnosis (PUCAI>35, P=0.02), and a

TABLE 2. Allelic and Genotype Distribution for CB2-Q63R Variant in IBD Italian Pediatric Patients

IBD CD UC Controls*

Individuals (n) 217 112 105 600
AAAA homozygous (%) 22 (10) 3 (3) 19 (18) 96 (16)
AAGG heterozygous (%) 94 (43) 54 (48) 40 (38) 310 (52)
GGGG homozygous (%) 101 (47) 55 (49) 46 (44) 194 (32)
Minor allelic (AA) frequency (%) 32 26.8 37 42
Allele frequencies
IBD vs. controls w2=4.105; 1 df; P=0.04
CD vs. controls w2=9.484; 1 df; P=0.002
UC vs. controls w2=1.026; 1 df; P=0.31
CD vs. UC w2=4.463; 1 df; P=0.03

Genotype frequencies
IBD vs. controls w2=14.950; 2 df; P=0.0006
CD vs. controls w2=19.859; 2 df; P=0.00005
UC vs. controls w2=7.013; 2 df; P=0.03
CD vs. UC w2=14.152; 2 df; P=0.00008

*Data from previously genotyped controls.13

P<0.05 in bold.
CD indicates Crohn’s disease; IBD, inflammatory bowel disease; UC, ulcerative colitis.

TABLE 3. Odds Ratio for Susceptibility to IBD for CB2-R63 Carriers

IBD CD UC Controls*

Genotype Frequency
Relative
frequency Frequency

Relative
frequency Frequency

Relative
frequency Frequency

Relative
frequency

QQ 22 0.1014 3 0.0268 19 0.1809 96 0.1600
QR 94 0.4332 54 0.4821 40 0.3809 310 0.5167
RR 101 0.4654 55 0.4911 46 0.4382 194 0.3233

Odds ratio 95% CI P

RR vs. (QQ+QR)
IBD vs. controls 1.822 1.311-2.533 0.0002
CD vs. controls 2.019 1.316-3.099 0.001
UC vs. controls 1.632 1.047-2.540 0.026
CD vs. UC 1.238 0.700-2.190 0.496

(QR+RR) vs. QQ
IBD vs. controls 1.723 1.029-2.906 0.033
CD vs. controls 6.921 2.072-27.857 0.0002
UC vs. controls 0.862 0.487-1.541 0.569
CD vs. UC 8.027 2.149-35.330 0.0002

*Data from previously genotyped controls.13

P<0.05 in bold.
CD indicates Crohn’s disease; CI, confidence interval; IBD, inflammatory bowel disease; UC, ulcerative colitis.
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significant anticipation of disease relapse (P=0.04)
(Table 5). No other significant correlations were found.

Multivariate Logistic Regression Analysis
The CB2-Q63R variant was used as a dependent var-

iable. The variables significantly related to the poly-
morphism at the univariate analysis were still significantly
associated with the R63 variant only in UC (Table 6).

DISCUSSION
We describe, for the first time, the association between

the CNR2rs35761398 polymorphism (CB2-Q63R variant)
and the risk for pediatric UC and CD. We also found
an association with specific clinical CD and UC
subphenotypes.

We found that the GG/GG genotype (RR homo-
zygous subjects) was highly prevalent in IBD children.
When CD and UC patients were analyzed separately, a
significant overrepresentation of the RR genotype was
observed in CD children.

It is reasonable that the CB2-R63 variant, which has
been related to decreased immunomodulatory response and
development of autoimmune disease,14–18 is mainly asso-
ciated with a Th1-mediated disease, such as CD. Indeed,
cytokine profiles of CD patients displayed Th1 dominance

characterized by higher levels of interferon-g and tumor
necrosis factor-a, and lower amounts of interleukin-4 in the
intestinal mucosa and serum.28–33 Moreover, a shift toward
the Th1 profile contributes to the onset of CD by activating
macrophages, which produce proinflammatory cytokines
causing intestinal damage.31

In both CD and UC children, the R63 variant was
strongly associated with moderate-to-severe activity of the
disease at diagnosis, evaluated, respectively, with PCDAI and
PUCAI scores. Moreover, in UC patients, the CB2-R63 var-
iant was associated with a higher incidence of early clinical
relapse, and homozygous RR patients showed a 3-fold
increased risk of presenting with a PUCAI score >35 at
diagnosis (OR=2.93; 95% confidence interval, 1.27-6.74;
P=0.01), further suggesting an association with a more severe
phenotype of the disease. Our data were also strengthened by a
multivariate logistic regression analysis. Indeed, an impaired
functionality of the CB2 receptor could determine a decreased
suppression of activated macrophages and mast cells and
stimulate the secretion of proinflammatory cytokines such as
tumor necrosis factor-a,34–40 causing an exacerbation of
intestinal inflammation and worsening disease course.

In the field of gastroenterology, the CB2-Q63R variant
has been shown to increase the risk for developing celiac
disease18 and to modulate hepatic inflammation and the

TABLE 4. Clinical Characteristics of 112 Children and Adolescents With CD Stratified for CB2-Q63R Variant

CD QQ QR RR P*wz

Patients [n (%)] 3 (3) 54 (48) 55 (49)
Males [n (%)] 2 (1.8) 31 (27.7) 34 (30.4) 0.61*
Median age at diagnosis (range) (y) 13.9 (13-14) 10.6 (6.2-12.6) 11.3 (9.9-13.1) 0.27w
Median disease duration (range) (y) 0.9 (0.6-1.0) 2.4 (1.8-4.2) 2.5 (1.9-3.8) 0.35w
Positive family history [n (%)] 0 (0) 5 (0.9) 2 (0.4) 0.43*
Extraintestinal manifestation [n (%)] 0 (0) 9 (1.7) 10 (1.8) 0.71*
Disease location (n) 0.66*
L1 1 5 7
L2 0 13 11
L3 2 20 23
L4 0 16 14

Perianal disease [n (%)] 1 (33.3) 10 (18.5) 11 (20) 0.82*
Disease behavior (n) 0.96*
Inflammatory, B1 3 48 48
Stricturing, B2 0 4 4
Fistulizing, B3 0 2 3

Change in clinical behavior [n (%)] 0 (0) 11 (2) 8 (1.4) 0.52*
Relapse [n (%)] 2 (66.6) 29 (53.7) 38 (69) 0.25*
Relapse during the first year of disease [n (%)] 1 (50) 18 (62) 18 (47.4) 0.27*
First relapse (mean±SD) (y) 1.00±0.00 1.39±1.85 1.72±2.36 0.65z
Immunosuppressant therapy [n (%)] 2 (66.6) 24 (44.4) 34 (61.8) 0.17*
Steroid therapy [n (%)] 1 (33.3) 16 (3) 27 (4.9) 0.11*
Biological therapy [n (%)] 1 (33.3) 4 (7.4) 9 (16.4) 0.20*
Need for surgery [n (%)] 1 (33.3) 6 (1.1) 5 (0.9) 0.41*
Median PCDAI (range) 25 (25-30) 27.5 (22.5-35.0) 30 (25-35) 0.30w
PCDAI (n) 0.012*

<10 1 0 3
Z10<30 1 31 23
Z30 1 23 31

Median calprotectin (range) (mg/g) 500 (500-500) 416.5 (350-459) 375 (299-438) 0.18w
Median CRP (range) (mg/dL) 13 (7-13) 5.75 (3.0-13.4) 7.75 (3.8-20.6) 0.72w

*w2 test.
wMood median test.
zTukey post hoc test.
P<0.05 in bold.
CD indicates Crohn’s disease; CRP, C -reactive protein; PCDAI, Pediatric Crohn’s Disease Activity Index.
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risk for liver damage in obese children41 and in chronic
hepatitis C infection.42

A recent association study on Turkish patients failed to
find any association between the CB2-Q63R polymorphism
and susceptibility to IBD or disease phenotypes.43 The dif-
ferent allele frequencies and genotype distributions of the
CB2-Q63R variant between Turkish and Italian populations
could account for these discrepancies. Indeed, it has been
reported that race and ethnicity do make an impact on IBD
incidence and phenotype.44

This study has some limitations. First, the study size was
limited as we enrolled only pediatric patients from Southern
Italy; thus, our result cannot be generalized to the whole
Italian population or to other ethnicities. Multicenter studies,
both on pediatric and adult patients, could be helpful to
clarify the role of CB2 in the etiopathogenesis of IBD.

Moreover, the genotype distribution of the CB2-Q63R
variant in the CD cohort, resulting in very few QQ patients,
could have masked further genotype-phenotype correlations.

Despite these limitations, 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 proinflammatory and
immune responses. Besides their effects on the central
nervous system and on gastrointestinal motility, the anti-
inflammatory properties of cannabinoid preparations have
long been known, and recently their potential role in
modulating the immune response has also been
demonstrated.45–47

The fact that there is a CB2 stimulating compound
already in clinical practice makes us more confident that
this may be a new thearapeutic option and a viable type of
intervention in IBD.

Moreover, it is worth noting that the selective stim-
ulation of the CB2 receptor is free of psychotropic effects,
thus allowing a possible theurapeutic use in childhood as
well.

Nevertheless, additional studies are required to
understand how the Q63R genotype contributes to disease
susceptibility in pediatric IBD, and whether this genetic
variant might represent a new disease marker and have
therapeutic implications.
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