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Crohn’s disease - genetic factors and progress of the disease
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Background and Objectives. Crohn'’s disease is a multifactorial inflammatory disease affecting mainly the gastroin-
testinal tract. The genetic factors that are involved in the disease include mainly three mutations of the gene NOD2/
CARD15 (R702W, G908R, 3020insC). The aim of this study was to determine the relationship between the presence of
these variants and disease phenotype.

Material and Methods. 70 patients with Crohn’s disease were examined for the presence of the above-mentioned
mutations. The researchers used the medical records to retrospectively obtain clinical data and together with the in-
formation obtained prospectively according to the protocol they analysed the connection between gene mutations
and disease phenotype.

Results. At least one mutation was found in 22 patients with Crohn’s disease (32%), four patients were found to have
two different mutations (composed heterozygotes - 6%) and six patients (9%) were homozygotes for the 3020insC
gene. No significant differences were found between the groups with wild-type form and the mutated form of the
NOD2 /CARD15 gene with respect to age at the time of diagnosis, form of the disease or localization according to the
Montreal classification.

Conclusion. Mutations of the NOD2 / CARD15 gene did not significantly affect the frequency of reoperations, ho-
mozygotes with 3020insC gene mutations, however, represented a high risk group. The phenotype was not related

significantly to the presence of the examined mutations.
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INTRODUCTION

Together with ulcerative colitis, Crohn’s disease is the
main representative of inflammatory bowel disease (IBD).
Crohn’s disease is a relapsing inflammatory disease affect-
ing mainly the gastrointestinal tract. The pathogenesis is
multifactorial, involving both environmental and genetic
factors. Most patients develop purely inflammatory symp-
toms at first but many of them will eventually develop
intestinal fibrosis, which can lead to severe complications,
such as stenosis of intestinal lumen, or intestinal fistula.
The number of patients who develop stenosing or fistu-
lising complications varies. The rate of disease progres-
sion seems to be unpredictable, although many attempts
have been made to define “aggressive phenotype”'2. The
objective of the prediction of phenotype is to identify pa-
tients at high risk of developing severe disease who could
benefit from early aggressive therapy. Mass familial oc-
currence has been known for more than 70 years and
extensive studies of twins in northern Europe have sug-
gested the contribution of a genetic component. Based on
genome-wide studies and meta-analyzes the researchers

identified at least 70 chromosomal loci that exhibit refer-
ence to the development of Crohn’s disease*. In 2001,
two groups independently first published the association
of polymorphisms / variants in the NOD2 (nucleotide-
binding oligomerization domain 2) gene, also known as
CARDI5 (caspase recruitment domain 15) with increased
likelihood of developing Crohn’s disease>. NOD2 gene is
located on chromosome 16 (16q12) and encodes a pro-
tein belonging to the family of Nod2-like receptors. Three
variants of the NOD?2 gene are associated with Crohn’s
disease including two single nucleotide substitutions of
p.R702W p.G908R which lead to a change of the amino
acid sequence of NOD2 protein, and single base inser-
tion of cytosine in the sequence of NOD2 gene p.L1007fs
(also known as ¢.3019_3020insC or 1007fs) resulting in
a stop-codon and the truncated protein. It is reported that
these three variants represent approximately 81% of mu-
tations in the NOD2 gene in patients with CD and that
the relative risk of the development of Crohn’s disease
compared to a healthy population is 2-4 times higher in
the carriers of one of sequence variants in the NOD2 gene
(heterozygotes) and up to approximately 17 times higher
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in carriers of two variants (homozygotes, composed het-
erozygotes) (ref.”1?).

The aim of this study was to determine the relation
between genetic mutations associated in Crohn’s disease
with disease activity, treatment, complications, prognosis
and the need for surgical intervention.

MATERIAL AND METHODS

The researchers approached 120 patients who have
been diagnosed with Crohn’s disease in the past, based
on conventional clinical, radiologic, endoscopic and his-
tological examination methods and who signed informed
consent. Data were obtained retrospectively from medical
records and prospectively completed with the required in-
formation from the protocol of the study. It is therefore a
retrospective-prospective study. Obtained data include sex,
age at diagnosis, duration and character of the problems,
extra intestinal manifestations, previous therapy, necessity
for surgery, endoscopic finding, Montreal classification
and newly added laboratory tests including genetic test to
identify mutations in NOD2/CARD15 - R702W, G908R,
3020insC (ref.!).

70 patients met the criteria for inclusion in the study,
patients with incomplete data were excluded from the
analysis. 38 women (54%) and 32 men (46%) were in-
cluded. All patients were taken a 5 ml peripheral blood
sample collected in the sampling system with K-EDTA
for testing three major mutations in NOD2/CARDI5 gene.
The method for detecting specified mutations was the am-
plification of target regions of the gene NOD2 / CARD 15
located on chromosome 16q12 by polymerase chain reac-

Table 1. Clinical characteristics of patients with Crohn’s dise

tion (PCR) and subsequent digestion of PCR products
with restriction enzymes and separation of the resulting
fragments in polyacrylamide gel. The patients with muta-
tion (24 patients) were those with at least one mutation
in one of the three analyse variants. Clinical examinations
were blinded in relation to the genetic testing.

The results were statistically evaluated using the good-
ness of fit test (Pearson chi-square test) and where ap-
propriate, Fisher’s exact test, if the frequencies identified
in certain combinations were too low for the chi-square
test to be used. A graphical representation of the identi-
fied associations was performed using mosaic graphs. All
statistical evaluation was performed in the program R
environment (R Core Team (2014). R: A language and
environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria. URL http://
www.R-project.org/).

RESULTS

70 patients fulfilled the inclusion criteria. The aver-
age age of patients was 34 years (standard deviation * 11,
median 33 years, range 18 -70 years), the average age at di-
agnosis 23 years (range 5-55 years). The number of unop-
erated patients was 22 (32%), once operated patients were
25 (35%), repeatedly operated patients were 23 (33%).

22 patients (32%) with established Crohn’s disease
were found positive for at least one mutation monitored,
four patients (6%) were composed heterozygotes and six
patients (9%) homozygotes for the 3020insC gene.

We found that there is no difference at the age of diag-
nosis between patients with specific mutation and without

ase generally and with respect to the presence of NOD2/CARDI5

mutations.
All (n=70) Any NOD2 mutation Without mutation
(n=22) (n=48)

Men/women 32/38 7/15 25/23
age 34+11
Age according to the Montreal classification (number, %)

Al 18 (25.7) 6 (8.6) 12 (17.1)

A2 48 (68.6) 15 (21.4) 33 (47.1)

A3 4(5.7) 1(1.4) 3(4.3)
Localization according to the Montreal classification (number, %)

L1 40 (57.1) 10 (14.3) 30 (42.9)

L2 12 (17.1) 4(5.7) 8 (11.4)

L3 18 (25.7) 8 (11.4) 10 (14.3)

L4 0(0) 0(0) 0(0)
Behaviour according to the Montreal classification (number, %)

B1 44 (62.9) 12 (17.1) 32 (45.7)

B2 25(35.7) 9(12.9) 16 (22.9)

B3 1(1.4) 1(1.4) 0(0)

P 10 (14.3) 5(7.1) 5(7.1)
AZA (%) 18 (25.7) 4(5.7) 14 (20.0)
Biological treatment (%) 24 (34.3) 10 (14.3) 14 (20.0)
Surgery 1x (%) 25(35.7) 4 (5.7) 21 (30.0)
Reoperation (%) 23(32.9) 4(5.7) 19 (27.1)
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Table 2. NOD? genotype in patients with Crohn’s disease.

NOD2 genotype

R702W (number, %)

G908R (number, %)

3020insC (number, %)

heterozygote homozygote  wild-type

4(5.7) 0(0) 66 (94.3) 4(5.7)

heterozygote homozygote
0(0)

wild-type
66 (94.3)

heterozygote homozygote  wild-type
12 (17.1) 6 (8.6) 52 (74.3)

it (or with any mutations and without any mutation). The
share of patients who (had not) undergone any / elec-
tive / emergency surgery was different in patients with
R702W mutation and in patients without this mutation.
This effect was most pronounced in urgent surgery - while
patients without the mutation were the least represented
category, these cases were the most frequent in patients
with mutation (Goodness fit test, P=0.02171).

DISCUSSION

IBD aetiology is still poorly understood, but it is in-
creasingly accepted that the pathogenesis is facilitated
by dysregulation of the immune response to commensal
flora in genetically susceptible individuals. The greatest
discovery in the field of pathogenesis of IBD in the last
decade in Caucasians suffering from Crohn’s disease was
identification of NOD2/CARD15 polymorphisms>*.

The increased incidence of IBD may be associated
with changes in lifestyle. This suggestion is in line with
earlier studies that showed that urbanization is an im-
portant risk factor in the development of IBD. Soon et
al. demonstrated that life in urban society was positively
associated with the development of IBD (ref.'?).

According to the literature, approximately 30-50%
of patients with Crohn’s disease from Western Europe
and North America carry at least one of the variants in
the NOD?2 gene (it is said that 10-30% of patients with
Crohn’s disease are heterozygous - carriers of one of the
three sequence variants in NOD2 gene and 3-15% of pa-
tients with Crohn’s disease are homozygotes or composed
heterozygotes - carriers of two variants) (ref.'**). In the
Nordic countries, generally characterized by homogene-
ous population, the frequency of mutations is lower than
in the European population'>!¢ and in some Asian ethnici-
ties no variations in the NOD2 was found at all''8, These
findings point to the ethnic and geographical variations
that can affect the differences in the frequency of develop-
ment of Crohn’s disease and the presence of NOD2 gene
variants in different world populations'. Earlier Czech
results confirmed at least one mutation in NOD2 in 46%
of patients with Crohn’s disease and 21% in the controls®.

The presence of the mutations may cause accelerated
and more aggressive progression of the disease because
the impaired immune response is unable to adequately
cope with the penetration of bacteria and because the
mutation itself encourages excessive immune response.
Mutation of 3020insC is a frameshift of mutations leading
to a reduction of protein in the area with a leucine rich
repeat (LRR), which is the main area that is involved in
immunological regulations, which may explain why the
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mutation of 3020insC leads to a more aggressive disease
progression in comparison with the other two mutations?.
NOD2/CARDI5 protein stimulates the secretion of defen-
sin through bacterial muramyl dipeptide. Defensin levels
in patients with Crohn’s disease and mutations is signifi-
cantly reduced?.

Helio et al.” showed that the NOD?2 gene variants were
associated with ileal affections and stricturing and a pen-
etrating form of the disease. Other studies also support
the opinion of the significant conjunction of mutations
with ileal localization of disease, and some show a lack
of localization in the colon. Barreiro et al.'"” demonstrated
that in the Gallic population, the need for surgical in-
terventions due to Crohn’s disease is higher in carriers
of G908R and 3020insC. Vavassori et al.>* showed that
mutation of 3020insC in an Italian population is a risk
factor for Crohn’s disease. Radlmayer et al.>* observed a
positive association of mutation of cytosine insertion with
fistulising or fibrostenosing subtype of Crohn’s disease.

An Australian study noted that patients with muta-
tions in contrast to patients without them are subject to
more frequent surgeries. These findings were particularly
significant in the presence of 3020insC (ref.?!).

A Spanish study found that mutations in the NOD2/
CARDI5 are a predictive risk factor for surgical interven-
tion needs due to stricturing affection?.

Other studies in Central Europe have confirmed the
increased probability for surgical intervention?®, but they
found no association of NOD2 mutations with outbreak
of the disease at a younger age, isolated ileal disabilities,
complicated disease (B2 or B3 under the Montreal clas-
sification), as mentioned in some earlier works by other
authors!'*?2%,

The presence of two mutations in NOD?2 (either homo-
zygous or compound heterozygous) have a higher degree
of specificity for the aggressive phenotype?.

A systematic review from 2009 included 18727 cases
and 17102 controls examined whether NOD2 mutations
were equally important risk factors for Crohn disease.
The results showed markedly higher risk of Crohn disease
for 3020insC and revealed the risks of Crohn disease for
compound heterozygotes and homozygotes to be similar
and markedly higher than for simple heterozygotes®.

One paper that examined the prevalence and geno-
type-phenotype analysis of NOD2 mutations in Polish
and Bosnian populations showed that the risk for Crohn
disease is increased in patients with NOD2 mutations in
Poland and especially homozygous NOD2 mutations in
Poland and Bosnia. The presence of variant NOD?2 al-
leles was associated with increased need for surgery and
reduced incidence of perianal disease.

A German study from 2010 investigated the relation-
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ship of NOD2 mutations to disease manifestation and the
risk of surgery in a cohort of childhood-onset CD pa-
tients. NOD2 mutations were highly associated with CD
and stricturing behavior, with the 3020insC mutation
also conferring a risk for isolated ileal disease. The au-
thors found a significant association between the need for
surgery and NOD_? carrier status and surgery occurrence
at an earlier stage of disease in children with 3020insC
mutations’!.

At least one of the monitored mutations was found
in our group of 22 patients with Crohn’s disease, which
indicates the presence of the mutation in 32% of the pa-
tients studied. This result corresponds to the lower limit
of the indicated range, but is 14% lower than the previ-
ous result of another facility in the Czech Republic. We
found a trend towards an increased representation of ileal
involvement as in other European studies but the results
were not statistically significant. An important limitation
of the study is that the patient samples were small, and
thus an important link between genotype and phenotype
was not detected.

CONCLUSION

Genetics plays one of the most important roles in the
development of Crohn’s disease and the study of genetic
variants associated with Crohn’s disease contributes to
understanding the pathophysiology. Expression of the
disease phenotype is also influenced by a number of envi-
ronmental factors. To determine the overall phenotype of
the disease, it is therefore necessary to apply a multifacto-
rial approach that includes environmental factors, genetic
factors, exposure to different medications, smoking, first
symptoms of the disease, etc. If there was a precise disease
severity prediction method, it would have a significant
benefit for the patient and medical care.

The ability to predict the natural development of the
disease in high-risk patients may be useful when apply-
ing top-down therapy that can prevent complications and
positively alter the development of the disease’?33.

It would be useful to analyze whether the mutations
in the NOD2 / CARDI5 are able to predict response to
treatment, especially biological. We currently have no mu-
tations in the NOD2 / CARD 15 that would predict which
patients after infliximab treatment, would stay in remis-
sion and which would suffer an early relapse®.

There is considerable optimism that genotyping of
NOD?2 / CARD15 mutations could be used in the devel-
opment of clinical models for treating Crohn’s disease,
particularly in determining the aggressive treatment or
surgical interventions after diagnosis of Crohn’s disease?..

Understanding the influence of genetic factors on the
course of Crohn’s disease may be facilitated by a prospec-
tive multicenter study with a large number of patients.
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