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Abstract

Purpose NODZ2 mutations have been linked to an increased
risk of Crohn’s disease and to some of its phenotypes. The
association between NODZ2 mutations and susceptibility to
ulcerative colitis (UC) remains somewhat controversial and
potential correlations between these mutations and UC phe-
notype have not been studied.

Aim To assess whether NOD2 mutations are a risk factor for
UC in Portugal and if there are any genotype—phenotype
correlations in these patients.

Methods The three main NOD2 mutations were searched in
200 patients with UC and in 202 healthy controls.

Results NOD2 mutations were present in 28 patients with UC
(14.0 %) and in 27 controls (13.4 %) (p=0.853). Mutation
carriers were more likely to receive steroids during the first
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year of disease than non-carriers (54.2 % vs. 29.6 %, p=
0.018) and among these patients the need for intravenous
administration was more frequent in those with the R702W
polymorphism (90.0 % vs. 45.5 %, p=0.014). In patients
with severe colitis admitted for intravenous steroids, a
greater proportion of mutation carriers was considered
intravenous-steroid refractory and required salvage therapy
(90.0 % vs. 38.1 %, p=0.004). Patients with NOD2 muta-
tion were submitted to colectomy more frequently than
non-carriers (17.9 % vs. 4.1 %. p=0.015). No correlation
with the need for immunosuppressants/immunomodulators
was found.

Conclusions In the Portuguese population, NOD2 mutations
do not increase the risk of UC but are associated with a more
aggressive course including greater need of steroids in the first
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year, increased incidence of intravenous-steroid refractoriness
and a higher colectomy rate.

Keywords Ulcerative colitis - NOD2 mutations - Genotype—
phenotype correlations - Disease course - Prognosis

Introduction

The inflammatory bowel diseases (IBDs), ulcerative colitis
(UC) and Crohn’s disease (CD), are chronic relapsing and
remitting inflammatory conditions affecting the gastrointesti-
nal tract. They are likely the result of a dysregulated immune
response to the gut microflora in genetically predisposed
individuals [1].

Over the past two decades, investigators have used whole
genome linkage and genome-wide association studies, to
identify over 163 genetic loci containing susceptibility genes
for IBD [2]. These loci, although nearly all low-risk, have
provided important lessons regarding IBD etiopathogenesis,
including that UC and CD are related polygenic IBDs, with
distinct and overlapping susceptibility loci [2, 3].

Although UC and CD share associations with many single-
nucleotide polymorphisms (SNPs) in Th17/IL22-23 axis,
adaptive immunity and epithelial barrier function, there are
divergences between the two diseases in the NOD2 and au-
tophagy pathway SNPs which are both associated with CD
but not UC [2, 4, 5].

NOD2, located on chromosome 16, was one of the earliest
genes in which mutations have been shown to be associated
with IBD [6, 7]. This gene encodes a protein that functions as
an intracellular sensor of muramyl-dipeptide, a component of
bacterial cell walls [8]. Therefore, NOD2 mutations compro-
mise host response to enteric bacteria [8]. Three major NOD?2
SNPs, two missense [R702W, G908R] and one frameshift
(1,007 fs), were shown by independent groups to be associat-
ed with susceptibility to CD [6, 7, 9—11]. By contrast, even
though most available data showed no link between NOD?2
mutations and susceptibility to UC, a few recent studies have
reached different conclusions, and so this matter remains
somewhat controversial [4, 5, 10, 12—15].

Great efforts have been made to predict disease behavior
and response to treatment in IBD [16—19]. Such understand-
ing could personalize therapy, namely early introduction of
more aggressive therapies to patients at high risk or avoiding
starting predictably ineffective treatments. Indeed, the ulti-
mate goal in the genomic study of IBD is to identify biolog-
ically relevant genotype—phenotype associations and to apply
them to clinical practice [17, 20].

Patients with UC demonstrate a certain degree of hetero-
geneity as the age of onset, disease extent, natural history,
response to medical therapies, and need for surgery vary
between individuals [17, 21, 22]. Among the UC
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susceptibility genes, HLA DRB1*0103 and the multidrug
resistance gene 1 (MDR1/ABCB1) also contribute to clinical
phenotype and natural history, being associated with extensive
and severe disease [17, 23-37]. In CD, NOD2 gene mutations
have repeatedly been shown to be associated with ileal dis-
ease, early age of onset, stricturing, and/or penetrating pheno-
type and increased need for surgery [5, 9, 10, 38—49].

Surprisingly, there are no studies focusing on potential
genotype—phenotype associations between NOD2 mutations
and UC, perhaps because it is not commonly considered a
susceptibility gene for UC [5, 10, 50]. All genotype—pheno-
type UC association studies focus on genes that had previous-
ly been identified as susceptibility genes for the disease [5,
17]. Nevertheless, this may produce a bias, since one gene not
related with increased susceptibility to a disease may be
associated with a particular phenotype of this disease.
Indeed, this lesson can clearly be taken from the study of
Seghal et al. [20]. In this work, even though NODZ2 mutations
were not associated with the overall risk of pouchitis, a rela-
tion between the mutation carrier status and severe pouchitis
was found [20]. Thus, the authors concluded that preoperative
assessment of NOD?2 in ileal pouch-anal anastomosis candi-
dates may predict severe pouchitis and might assist in preop-
erative surgical decision making [20].

In light of these data, we aimed to investigate if NOD2
mutations increase susceptibility to UC in Portugal and wheth-
er there are genotype—phenotype correlations in these patients.

Methods
Patients and controls

In this case-control study, 200 Portuguese patients with UC
(male/female, 86/114; mean age at diagnosis of UC 34.8+
14.4 years old) and 202 healthy (blood donors) sex-matched
controls, were genotyped for the three main NOD2 mutations
(R702W, G908R, and 3020insC). UC patients were consecu-
tively recruited from a gastroenterology department in the
inpatient and outpatient setting. The inclusion criteria for all
study participants included Caucasian ethnicity and residency
in the central region of Portugal and, for UC patients, a
confirmed disease diagnosis based on established clinical,
endoscopic, radiological, and histological criteria [51-53].
Patients with CD or colonic inflammatory bowel disease
unclassified (IBDU) were excluded from the study.

Genomic DNA was isolated from whole blood in all the
study participants.

Detailed phenotypic characteristics, including demo-
graphic data and clinical parameters, were obtained with
a standardized questionnaire filled out by reviewing the
medical charts and a patient interview at the time of
enrolment. Phenotypic characteristics were classified



Int J Colorectal Dis

according to the recently published second European
evidence-based consensus on the diagnosis and manage-
ment of UC [54-56]. All phenotypic data were collected
blind to the results of the genotypic data.

Correlations between NODZ2 mutations and UC phenotypic
characteristics were sought. The associations with statistical
significance in the univariate analysis were then tested in
multivariate analysis using age at diagnosis and extent of
disease as covariates since these are the factors most often
and consistently described as having prognostic value in UC
[57].

This study was approved by the local Ethics Committee
and informed consent was obtained from all participants prior
to enrolment into the study, in accordance with the Declaration
of Helsinki.

Sample DNA extraction and genotyping

Genomic DNA was isolated from whole blood in accordance
with the QIAamp Mini Kit (QIAGEN GmbH, Germany).

All participants were genotyped for the three major
NOD?2 mutations: 3020insC (SNP13), R702W (SNPS)
and G908R (SNP12). Genotyping was performed by
real-time polymerase chain reaction (PCR): 3020insC
variant using SimpleProbe and variants R702W and
G908R using HybProbe (FRET). In order to detect the
3020insC variant, PCR was carried out using the forward
primer 5'-gACAggTgggCTTCAgTAgA-3', the reverse
primer 5'-TgAggTTCggAgAgCTAAAACAgE-3' and the
simple probe 5'-CTgCAggCCCCTTgAAAg-FLQ. The
R702W variant was amplified and detected using the
forward primer 5-AgCCgCACAACCTTAgATCAC-3',
the reverse primer 5'-gCgggCACAggCATAgC-3', the an-
chor probe 5'-LC Red640-gTCTggCACT
CAgCCAgCAggCCCC-PH and the donor probe 5'-
gCgCCAgAgCAgggCCTTCTCA-FL. For assay of the
G908R mutation, 5'-gCACATATCAggTACTCACT
gACACT-3" was used as the forward primer, 5'-TTAC
CTgAgCCACCTCAAgC-3' as the reverse primer, 5'-LC
Red705-CTgAAAAggCCAAAAgAgTCAACAgAC-PH
as the anchor probe and the 5'-CCACTCTgTTgCCCC
AgAA-FL as the donor probe.

The reaction mixture consisted of 18 ul of the PCR master
mix plus 2 pl of the DNA of each patient. The PCR master
mix for the R702W variant included 5.0 mM MgCl,, 1x
LightCycler DNA master hybridization probes (Roche,
Mannheim, Germany), 0.5 uM each primer and 0.1 uM each
fluorescein and LC-Red-640-labeled probe. Cycling parame-
ters consisted of 1 cycle of 95 °C for 2 min., followed by
amplification for 45 cycles 0f 95 °C for 0's, 55 °C for 10s, and
72 °C for 5 s. A melting curve was created by measuring the
fluorescent signal generated with the following profile: 95 °C
for 5's, 50 °C for 10 s, and 90 °C for 0 s with a slope 0.4 °C/s

transition. The PCR master mix for the G908R mutation
included 2.5 mM MgCl,, 1x LightCycler DNA master hy-
bridization probes (Roche, Mannheim, Germany), 0.5 uM
each primer and 0.2 uM each fluorescein and LC-Red-705-
labeled probe. Cycling parameters consisted of 1 cycle of
95 °C for 2 min., followed by amplification for 40 cycles of
95 °C for 10°s, 57 °C for 8 s, and 72 °C for 17 s. A melting
curve was originated by measuring the fluorescent signal
generated with the following profile: 95 °C for 20 s, 40 °C
for 20 s, and 85 °C for 0 s with a slope 0.2 °C/s transition.
Finally, the PCR master mix for the 3020insC variant included
2.5 mM MgCl,, 1x LightCycler DNA master hybridization
probes (Roche, Mannheim, Germany), 0.2 uM forward prim-
er, 0.5 uM reverse primer and 0.2 uM simple probe. Cycling
parameters consisted of 1 cycle of 95 °C for 2 min, followed
by amplification for 40 cycles 0of 95 °C for 10's, 55 °C for 10s,
and 72 °C for 20 s. A melting curve was created by measuring
the fluorescent signal generated with the following profile:
95 °C for 20 s, 40 °C for 20 s, and 85 °C for 0 s with a slope
0.2 °C/s transition. Sterile water was used as a negative
control. The change of fluorescence was converted to a melt-
ing peak (Tm) by plotting the negative derivative of the
fluorescent signal corresponding to the temperature (—dF/d7)
with the LightCycler software.

The sequence variations of the PCR products were con-
firmed by DNA sequencing.

Statistical analysis

Continuous variables were summarized using means and
standard deviation and categorical variables were expressed
as frequency and percentage. Standard tests were used to
compare means and proportions: Student’s ¢ test or
Wilcoxon rank-sum test for continuous variables and Mann-
Whitney U Test, Chi-Square or Fisher’s Exact Test for cate-
gorical variables, when appropriate.

Multivariate analysis was performed by logistic regres-
sion for each outcome that showed a significant correla-
tion with NOD2 mutations in the univariate analysis using
age at diagnosis and maximum extent of disease as addi-
tional covariates.

Colectomy-free survival was calculated with the Kaplan-
Meier method and the log-rank test was employed to make
comparisons between groups. Data were censored at the time
of colectomy or at the patient’s last recorded visit.

Only p values <0.05 were considered significant and all
p values presented are two-tailed.

Each genetic variant studied was in Hardy-Weinberg
equilibrium.

The data was analyzed using the IBM SPSS Statistics (IBM
Co., Armonk, NY, USA) computer software for Windows
(version 20.0).
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Fig. 1 Genotype frequencies of the NOD2 variants in UC patients and
sex-matched controls

Results
NOD?2 mutation frequency

NOD?2 mutations were found in 28 patients with UC (includ-
ing one R702W homozygote, one compound heterozygote
R702W/G908R and another compound heterozygote
G908R/3020insC) corresponding to a prevalence of 14.0 %.
The most frequent polymorphism was R702W, present in 21
patients (10.5 %). The combined frequency of the three tested
SNP’s was similar between the study population and the sex-
matched controls, as was the frequency of each individual
genotype (Fig. 1). The NOD?2 allele frequencies were in
Hardy-Weinberg equilibrium in all patients and in control
subjects.

Study population

Demographic characteristics

The demographic characteristics of the study population are
summarized in Table 1. As shown, there are no significant

differences between carriers and non-carriers of NOD2 muta-
tions concerning age at diagnosis, gender, family history or

Table 1 Demographic characteristics of the study population

smoking habits. Overall mean follow-up, considered as the
time passed between diagnosis and last visit or colectomy, was
180.26+105.60 months.

Extent of disease

Regarding the maximum extent of disease, 17 (8.6 %) patients
had proctitis, 84 (42.6 %) distal colitis and 96 (48.7 %) ex-
tensive colitis. There were no significant differences in the
extent of the disease (proctitis/distal colitis/extensive colitis)
between patients with and those without NOD2 mutations
(respectively, 11.1 %/37.0 %/51.9 % vs. 8.2 %/43.5 %/
48.2 %; p=0.865).

First year of disease

When evaluating the disease course during the first year
following diagnosis, we observed that a greater proportion
of patients with a NOD2 mutation required at least one course
of steroids compared with non-carriers: 54.2 % (13 patients)
as compared with 29.6 % (42 patients) (p=0.018) (Table 2).

Among steroid-treated patients, even though the percent-
age of patients admitted for intravenous steroids was superior
in the group of the mutation carriers [9 patients (75.0 %) vs. 20
patients (47.6 %)), it did not reach statistical significance (p=
0.113). Nevertheless, the carriers of the R702W variant were
more likely to need the intravenous route than non-carriers of
this specific mutation [9 patients (90.0 %) vs. 20 patients
(45.5 %), p=0.014] (Table 2).

Severe colitis

A total of 52 patients (26.0 % of the study population) had at
least one episode of severe colitis, defined as a flare with
severe activity according Truelove and Witts criteria and
requiring admission and treatment with intravenous steroids
[54, 58]. There was no difference in the incidence of this event
between genotype groups (Table 3). Significantly more pa-
tients with NOD2 carrier status were intravenous-steroid

Variables All Patients Carriers Non-carriers P
Age at diagnosis A1/A2/A3" 3.0 %/65.5 %/31.5 % 7.1 %/57.1 %/35.7 % 2.3 %/66.9 %/30.8 % 0.882
mean + SD° 34.83+14.41 35.43+14.26 34.73+£14.48 0.811
Male n (%) 86 (43.0 %) 12 (42.9 %) 74 (43.0 %) 0.987
Positive family history for IBD n (%) 25(12.5 %) 5(17.9 %) 20 (11.6 %) 0.359
Positive smoking history 7 (%) 40 (20.0 %) 5(17.9 %) 35(20.3 %) 0.760

SD Standard deviation; /BD inflammatory bowel disease

A1 <16, A2 16-40, A3 >40 years; according Montreal classification [54, 58]

®Values in years
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Table 2 First year of disease

Variables All NOD2 mutations R702W polymorphism

Carrier (%) Non-carrier (%) P Carrier (%) Non-carrier (%) p
>1 flare requiring steroids® 542 % 29.6 % 0.018 55.6 % 304 % 0.032
>1 admission for IV steroids® 75.0 % 47.6 % 0.113 90.0 % 45.5% 0.014

1V intravenous
Data available in 166 patients
® Data available in 54 patients

refractory and required salvage therapy with cyclosporine,
infliximab, or colectomy as compared to NOD2 wild-type
patients (90.0 % vs. 38.1 %, p=0.004). Nevertheless, there
was no difference between carriers and non-carriers of NOD?2
polymorphisms regarding response to medical salvage thera-
py and therefore in the need for salvage colectomy (Table 3).

Long-term disease course—treatment requirements

The rate of steroid-dependence was similar between groups
(33.3 % vs. 27.5 %, p=0.531). Even though there was no
statistical difference between carriers and non-carriers regard-
ing the rate of steroid-resistance when the three polymor-
phisms were studied together, we did find that patients with
the polymorphism R702 W (6 patients, 28.6 %) were more
often resistant to steroids than non-carriers (18 patients,
10.3 %) (p=0.027). There were no significant differences
between genotypes regarding the proportion of patients treat-
ed with thiopurines or infliximab.

The colectomy rate was significantly higher in carriers of
NOD?2 mutations than in non-carriers: 17.9 % (5 patients) as
compared with 4.1 % (7 patients) (p=0.015) (Table 4 and
Fig. 2). The same behavior was observed when R702W
polymorphism was considered individually (Table 4 and
Fig. 2).

No patient deaths were recorded during follow-up.

Table 3 Severe colitis—incidence and therapy

Multivariate analysis

The above-described results that reached statistical signifi-
cance were then tested in multivariate analysis considering
age at diagnosis and extent of disease as covariates. All these
correlations remained statistically significant, indicating that
the NOD2-phenotype associations detected are independent
from the age at diagnosis and the extent of disease (data not
shown).

Discussion

IBD, including UC, has a great amount of heterogeneity,
starting in the type and age of presentation, through natural
history of disease and ending in the therapeutic requirements
and response [17, 21, 22]. An old and still unachieved goal is
to discover a way of predicting the disease evolution and
thereby define a more appropriate and individually tailored
monitoring and therapeutic approach [16—19]. The personal-
ized choice of the treatment regimen may help to maximize
efficacy, minimize delays to effective treatment, and improve
safety and tolerability.

Therefore, an ultimate objective in the genomic study of
IBD is to identify biologically relevant genotype—phenotype
associations and to apply them to clinical practice [16, 17, 20].
In the past two decades, genetic variants identified as being

Variables All NOD2 mutations R702W polymorphism

Carriers n (%) Non-carriers 7 (%) P Carriers n (%) Non-carriers 7 (%) P
Severe colitis” 10 (35.7 %) 42 (244 %) 0.206 8 (38.1 %) 44 (24.6 %) 0.182
IV steroid refractory® 9 (90.0 %) 16 (38.1 %) 0.004 7 (87.5 %) 18 (40.9 %) 0.022
CYA/IFX refractory® 2 (28.6 %) 2 (13.3 %) 0.565 2 (333 %) 2 (12.5 %) 0.292

1V intravenous, CY¥4 cyclosporine, /FX infliximab

?Flare with severe activity according Truelove and Witts criteria and requiring admission and treatment with intravenous steroids [54, 59]

®No response to intravenous steroids and required salvage therapy with cyclosporine, infliximab, or colectomy

“No response to cyclosporine and/or infliximab and required salvage colectomy

@ Springer
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Table 4 Long term disease course—treatment requirements

Variables All NOD2 mutations R702W polymorphism

Carrier n (%) Non-carrier n (%) p Carrier n (%) Non-carrier n (%) p
Steroid-dependent® 9 (33.3 %) 47 (27.5 %) 0.531 7 (33.3 %) 49 (27.7 %) 0.587
Steroid refractory” 7 (25.0 %) 17 (10.1 %) 0.054 6 (28.6 %) 18 (10.3 %) 0.027
AZA/6-MP® 11 (39.3 %) 66 (38.4 %) 0.927 8 (38.1 %) 69 (38.5 %) 0.968
Infliximab* 6(21.4 %) 20 (11.6 %) 0.220 5(23.8 %) 21 (11.7 %) 0.161
Colectomy® 5(17.9 %) 7 (4.1 %) 0.015 4 (19.0 %) 8 (4.5 %) 0.026

AZA azathioprine; 6-MP 6-Mercaptopurine
Data available in 198 patients
® Data available in 196 patients
¢ Data available in 200 patients
9 Data available in 200 patients
¢ Data available in 200 patients

associated with increased susceptibility to IBD were then
subject to research in order to investigate whether they are
also correlated with the disease phenotype. NOD2, the first
gene linked with increased susceptibility to CD, has later been
shown to be associated with ileal disease, early age of onset,
stricturing, and/or penetrating phenotype and increased need

Colectomy-free survival according to NOD2 Mutation Status
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Fig. 2 Cumulative colectomy-free survival in patients with and without
NOD?2 mutation and R702W polymorphism
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for surgery [5, 9, 10, 38-49]. Among the UC susceptibility
genes, HLA DRB1*0103 and the multidrug resistance gene 1
(MDR1/ABCBI1) were also identified as being associated
with extensive and severe disease [17, 23-37].

In UC, all genotype—phenotype association studies focus
on genes which have previously demonstrated association
with increased susceptibility to the disease [5, 17]. Thus, as
NOD? has not been generally linked with UC susceptibility,
there are no published studies of potential associations be-
tween NOD?2 genotype and UC phenotype [5]. However, this
reasoning may produce a bias because a gene can be associ-
ated with a particular phenotype despite not being related with
increase susceptibility to the disease. For example, Seghal
et al. demonstrated that NOD2 variants are associated with
severe pouchitis, although these mutations do not increase the
overall risk of pouchitis [20].

Taking this data into account, this paper aimed to clarify if
NOD?2 mutations increased susceptibility to UC in Portugal
and whether there are genotype—phenotype correlations in
these patients. To our knowledge, this is the first study that
sought potential associations between NOD2 mutations and
phenotype, natural history or therapeutic responsiveness in
patients with UC.

In line with the evidence from the majority of previous
studies, we found that NOD2 mutations are not linked with
increased susceptibility to UC in the Portuguese population [5,
10, 50].

In the study population, we found that there were no
associations between NOD2 mutations and demographic char-
acteristics (age at onset, gender, and family history of IBD) or
smoking habits. Similarly, the disease extent showed no cor-
relation with NOD2 mutation status.

Regarding the disease course during the first year following
diagnosis, we found that patients with a mutation of the
studied gene were more likely to receive steroids for a disease
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flare (54.2 vs. 29.6 %, p=0.018). Among patients who re-
quired steroids in this setting, the need for intravenous admin-
istration was significantly more frequent in those with the
R702W polymorphism (90.0 % vs. 45.5 %, p=0.014).

According to our results, there was no association of any
genotype with the incidence of severe colitis, defined as a flare
with severe activity according Truelove and Witts criteria and
requiring admission and treatment with intravenous steroids
[54, 59]. Nevertheless, NOD2 mutations were significantly
associated with intravenous-steroid refractoriness and, hence,
with the need for salvage therapy with cyclosporine,
infliximab, or colectomy (p=0.004). By contrast, NOD2 car-
rier status was not associated with the response to medical
salvage therapy and therefore with the need for salvage
colectomy, but the small number of patients with these events
advises a careful interpretation.

In addition to severe colitis episodes, the course of UC can
be indirectly evaluated through the therapeutic needs and
responses, including steroid-dependence, steroid-resistance,
need of immunosuppressive/immunomodulatory agents and
colectomy rates. In our study cohort, even though the com-
bined three key NOD2 mutations were not associated with
steroid-dependence or steroid-resistance, we found that car-
riers of the R702W polymorphism were more often resistant
to steroids (p=0.027). The need for immunosuppressants/
immunomodulators showed no significant associations with
NOD?2 mutations, even when R702W polymorphism was
considered separately. However, both, R702W polymorphism
alone and 3020insC/R702W/G908R variants together, were
associated with increased need of colectomy (respectively, p=
0.026 and p=0.015).

The age at diagnosis and the extent of disease are frequent-
ly and consistently identified as prognostic factors in UC [57].
In this context, the significant associations found between
NOD? gene and UC phenotype characteristics, were included
in a multivariate analysis using age at diagnosis and extent of
disease as covariates. This evaluation has shown that the
NOD? prognostic value detected in our work is independent
of these two important variables.

Our data suggests that although NOD2 genotype does not
correlate with susceptibility to UC, the mutations of this gene
appear to be associated with a more aggressive course of the
disease. Similar findings were reported in CD, where NOD2
carrier status has been associated not only with a more aggres-
sive disease phenotype but also to an increased likelihood of
steroid refractoriness and a higher need for surgery [5, 9, 10,
38-49].

Surprisingly, apart from our work, there is no other study
regarding potential NOD2 genotype—phenotype correlations
in UC patients. Thus, further data from different and larger
populations is needed to determine whether NOD2 mutations
lead to a predisposition to a more aggressive UC disease
course and, if so, to identify the additional determinants

necessary for this increased susceptibility, namely their possi-
ble interactions with other genes, environmental factors, clin-
ical features, and demographic data. A thorough investigation
of these issues may improve knowledge of the disease patho-
physiology, can shed light on the determinants of clinical UC
heterogeneity and could lead to the development of new
therapeutic paradigms.

This study has some limitations. Firstly, the size of the
study population is relatively small. Secondly, the potential
effect of other genetic and/or environmental factors and/or
their interaction with NOD2 mutations has not been evaluated.
Thirdly, disease course, treatment requirements and response/
remission rates were evaluated retrospectively. Finally, this
work was performed in a teaching and referral hospital and
therefore our results may not be applicable to institutions with
different patient populations.

In conclusion, our study suggests that even tough
NOD?2 mutations do not confer an increased risk of UC
in the Portuguese population, these genetic variants are
associated with a more aggressive course of the disease,
including greater need of steroids in the first year, in-
creased incidence of intravenous-steroid refractoriness
and a higher rate of colectomy. This is the first study
that demonstrated a link between NOD2 genotype and
UC phenotype. Regional heterogeneity within the NOD2
genotype in UC patients shows the importance of the
genetic assessment and evaluation of its correlation with
the phenotype in different populations [4, 5, 10, 12-15,
50]. In addition, other potential genetic predictors and
detailed information about environmental exposure
should be assessed in future studies, because the low-
penetrance genetic effects of common SNPs may largely
depend on interaction with other determinant factors.
Hence, additional research, using larger patient groups
as well as other populations and with the assessment of
additional genetic and environmental factors, is required
in order to unequivocally determine the role of NOD2
variants in UC heterogeneity. This investigation will be
essential to validate our data, to provide the rationale for
identifying objective predictors of disease course and that
could, ultimately, be an important step toward a person-
alized therapy in UC patients.
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