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Aim: To determine the frequency of NOD2 gene ¢.3019-3020insC (rs5743293) and ¢.2104C>T (rs2066844) allelic variants in the pa-
tients with Crohn’s disease (CD), colorectal cancer (CRC) and in the control groups and to study the association of these mutations
with the onset time of the diseases, gender and surgical interventions. Materials and Methods: The diagnoses of CD and CRC were
established based on standard clinical examination and laboratory tests. Molecular genetic study of a frameshift 3020insC mutations
of NOD2 gene were performed in 54 patients with CD; missense R702W mutations of the NOD2 gene — in 41 CD patients and
38 healthy controls. In CRC group, 3020insC mutation was tested in 48 patients, R702W mutation — in 40 patients and 40 healthy
controls. PCR-RFLP technique was used to identify the mutations. Results: The frequency of the minor allele (M) of 3020insC
mutation of NOD2 gene in the patients with CD was significantly higher than in the control group (p = 0.01). The age at CD onset
in females carrying 3020insC mutation was significantly lower (22.5 * 1.6 years) when compared with females without the mutation
(32.7 % 2.5 years) (p = 0.002). There was no significant difference in the allele frequencies and genotype distributions of R702W
mutation in the patients with CD in comparison with the controls. The mean age at CD onset in the patients carrying R702W
mutation was significantly lower (28.4 * 1.4 years) compared with the patients without the mutation (39.4 * 2.8 years) (p < 0.01).
Surgical interventions for CD was required in 40.0% of 3020insC mutation carriers. Among patients with CRC, only 4.2% carried
3020insC mutation and 20.0% R702W mutation. Our study suggests that R702W and 3020insC mutations are not associated with
the risk of CRC in Ukrainian patients. There was no statistically significant difference in mean age at CRC onset in patients with/
without R702W mutation. Only one patient with CRC had two mutations. Conclusion: The earlier age at CD onset was associated
with 3020insC mutation, but only in female patients. The association between R702W mutation and the earlier age of CD onset
was found. Patients with 3020insC mutation showed a trend to a higher frequency of surgical interventions for CD.
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Colorectal cancer (CRC) is the third most common
cancer and the third leading cause of cancer-related
death in men and women in both developed and de-
veloping countries of Europe and North America[1, 2].
The crude incidence rate of cancer of colon/rectum,
and anus in Ukraine was 26.7/24.4 among men and
24.7/17.8 among women per 100,000 of population
and crude mortality rate was 14.0/14.0 among men
and 12.4/9.7 among women per 100,000 of popu-
lation [3]. Progress in reducing CRC death rates
can be achieved by improving access to screening,
early diagnosis and standard treatment in all popula-
tions [4]. This disease progresses via the sequential
accumulation of multiple genetic alterations [1].
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The risk of developing CRC can also increase by the
interaction between low-penetrance genes, envi-
ronmental factors (e.g. diet, obesity, smoking) and
recently recognized microbiota [5].

Several gastrointestinal cancers, especially
CRC, are strongly linked to chronic inflammatory
conditions. The risk of CRC may even increase de-
pending on the degree of underlying inflammation
as in the case of long-standing inflammatory bowel
diseases (IBD) — Crohn’s disease (CD) and ulcerative
colitis [6]. The important problem that has not been
solved is why some patients with chronic inflam-
mation develop CRC while other patients don’t [7].
The literature data indicate that the incidence and
prevalence of CD are increasing over time and in dif-
ferent populations. In Europe, the annual incidence
rate of CD ranges between 0.3-12.7 per 100,000 per-
son-years. European prevalence rates vary between
0.6-32.2 per 100,000 persons-years [8]. The peak
ages for CD occurrence are 20-30 years. In Ukraine,
the annual incidence rate of CD ranges between



Experimental Oncology 44, 52-59, 2022 (March)

53

30-50 per 100,000 population [9]. CDis characterized
by flare-ups and remissions of varying duration and
severity, and only a minority of patients has a chronic,
continuous disease course [10]. CD may involve any
part of the digestive tract, but mainly affects the dis-
tal ileum and the colon. Approximately 80% of these
CD patients will require at least one intestinal surgery
during their lifetime [11]. Due to early onset, fluctuat-
ing disease course, unpredictable prognosis and lack
of acure, CD poses a considerable burden on patients.

Since CD is the predisposing factor for CRC, CD-
related genes might, to a certain extent, be associated
with cancer initiation [1]. Pro-inflammatory stimulus
may lead to continuous cell proliferation and eventually
DNA damage [12]. NOD2 is a member of evolution-
arily conserved Nod-like receptors family which share
a tripartite structure of a C-terminal sensor domain
(leucine-rich repeats), a central nucleotide-binding
oligomerization domain (NOD) and an N-terminal
effector domain (CARD) [13]. NOD2 participates
in sensing components of microbial cell wall and has
been reported to regulate apoptosis and chronic in-
flammatory conditions [14].

Genetic variation of NOD2 has been shown to be as-
sociated with increased susceptibility to CD in several
independent studies, although in some populations
no association has been observed [15-18]. The com-
mon mutations, frameshift change (3020insC—1007fs)
and missense changes (Arg702Trp), located in the
leucine-rich repeat domain of the NODZ2 protein have
been reported to be linked with the disease [15, 16].
These NOD2 variants exhibit genetic heterogeneity be-
tween Caucasian and Asian populations [1]. However,
the exact molecular function of NOD2 is not thoroughly
established. Some investigators have shown that these
mutations affect behavior, prognosis and response
to CD treatment [4]. Several lines of evidence are
compatible with a significant role of NOD2 variants
in determining an association with earlier age of dis-
ease onset [19-21]. This is consistent with genetic
evidence that a younger age at diagnosis identifies
families with greater linkage to the /IBD1 locus [22].
Currently, little is known about the association between
NOD2 mutations and the requirement for initial surgery
and surgical recurrences in CD. Most of the published
data have shown an positive association between
NODZ2 mutations and ileal surgery, and the mutation
with the strongest association was found to be the
3020insC mutation [23, 24]. In three independent
studies, one carried out in Germany [25], others —
in Spain and ltaly [26, 27], patients with mutations
of the gene presented an increased risk of repeated
surgery, and such surgery had been required earlier.
These findings were even reinforced within the pedi-
atric population. Some studies have demonstrated
that NOD2 mutations were a predictor of earlier age
of surgery within a pediatric population [28]. Another
study has shown that deficient NOD2 function confers
an increased risk of not only CD, but also CRC [21].
Most data addressing NOD2 polymorphisms and

CRC are essentially linkage studies concerning
a specific country or region [4]. However, the fre-
quency of NOD2 polymorphisms shows a significant
geographic variability. Recently, possible association
of the NODZ2 variants R702W and 3020insC with CRC
has been studied in some Caucasian CRC patients,
as well as Polish, Greek and Finnish, but the results
have been controversial [29, 30].

The aim of the study was to determine the frequen-
cy of NOD2 gene ¢.3019-3020insC (rs5743293) and
¢.2104C>T (rs2066844) allelic variants in the patients
with CD, CRC and in the control groups and to study
the association of these mutations with the onset time
of the diseases, gender and surgical interventions.

PATIENTS AND METHODS

The diagnoses of CD and CRC were established
by means of physical examination, chest X-ray,
computed tomography, endoscopic examination
with biopsy including histology, baseline labora-
tory blood, urine and feces tests in 54 patients with
CD and 48 patients with CRC. Among patients with
CRC, 33/48 (68.7%) persons had sporadic cancer
and 15/48 (31.3%) patients had familial cancer. Fam-
ily history is significant if one of the first or second
degree relatives had CRC. The clinical data included
CD and CRC phenotypes, age of onset, age of surgi-
cal interventions, date and type of surgery, location
of the disease, disease phenotype. The clinical and
pathogenetic features of CD course were evaluated
according to the Montreal classification (Montreal,
2005). All patients and healthy volunteers were from
3 Western regions of Ukraine, such as Lviv, Ternopil
and lvano-Frankivsk. The diagnoses were confirmed
at the Proctology Clinic of Lviv Regional State Hospital.

Molecular genetic testing of two NOD2 gene vari-
ants ¢.3019-3020insC (rs5743293) and ¢.2104C>T
(rs2066844) allelic variants was performed in two
study groups (patients with CD; patients with CRC) and
two healthy controls cohorts. DNA was extracted from
the leukocytes of the peripheral blood using salting out
purification method. Polymerase chain reaction — re-
striction fragment length polymorphism (PCR-RFLP)
technique was used to identify the gene variants.
The cytosine insertion mutation (3020insC) was
genotyped by RFLP-analysis with the primers (F 5'-TC-
CGTCTTAGCTGAGTGGCGTAGGCAGAAGCCCTCCT-
GCAGGGCC-3" and R 5 -TCACTGAATGTCAGAAT-
CAGAAG-3’) [30]. PCR assays were performed
in a 25 ul of reaction mixture containing 10 mM Tris-
HCI, pH 8.3, 50 mM KCI, 2 mM MgCl,, 250 uM dNTPs,
0.20 uM of each primer, 200 ng of genomic DNA and
2.5U of Tag DNA Polymerase (Thermo Fisher Scientific,
USA). The digestion of the PCR product was done
by adding Apal (10 U/pul) restriction enzyme mix and
overnightincubation at 37 °C. Then 5 ul of loading buf-
fer was added and the digested product and separated
in agarose gel (3%) at 9 V/cm for 30 min. The digested
product sizes was 200 bp for wild type homozygous,
155 and 45 bp for mutated homozygous and 200 bp +
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155 bp + 45 bp for heterozygous. Separated products
were visualized in UV light and genotype was assessed
for each sample.

The allelic variant ¢.2104C>T (rs2066844) was
genotyped by a PCR using the primers Forward:
5'-TTCCTGGCAGGGCTGTTGTC-3’ and Reverse:
5’- AGTGGAAGTGCTTGCGGAGG-3'. The PCR profile
was as follows: initial denaturation at 95 °C for 5 min,
followed by 35 cycles of denaturation at 94 °C for 45 s,
annealing at 53 °C for 40 s and extension at 72 °C for
30 s and a final incubation at 72 °C for 10 min. The di-
gestion of the PCR product was done by adding Msp |
(10 U/mu) restriction enzyme mix and overnight incu-
bation at 37 °C. Then 5 ul of loading buffer was added
and the digested product was separated in agarose
gel (3%) at 9 V/cm for 30 min. The digested product
sizes are 22 bp and 55 bp for wild type homozygous,
22 bp and 110 bp for mutated homozygous and 110 bp,
55 bp and 22 bp for heterozygous (Figure). Separated
products were visualized in UV light and genotype as-
sessed for each sample [31].

9 10

11 12

Figure. The RFLP analysis of NOD2 c.2104C>T (rs2066844) vari-
ant. The PCR product was digested with Msp | and electropho-
resed in agarose gel. The digested product sizes are 22 bp and
55 bp for wild type homozygous (lanes 3-9, 11), 110 bp, 55 bp and
22 bp for heterozygous (lanes 10, 12). The PCR product without
restriction (lane 2). 100 bp Ladder (lane 1)

Four groups of patients were included in the mo-
lecular genetic study:

1) the distribution of genotype and alleles fre-
quencies of mutation 3020insC of NOD2 gene was
assessed in 54 patients with CD (24 males, mean age
38.17 = 3.10 years; 30 females, mean age 32.03 £
2.33 years);

2) the distribution of genotype and alleles frequen-
cies of mutation R702W of NOD2 gene was assessed
in 41 patients with CD (21 males, mean age 38.86 +
3.46 years; 20 females, mean age 33.05 = 3.17 years);

3) the distribution of genotype and alleles fre-
quencies of mutation 3020insC of NOD2 gene was
assessed in 48 patients with CRC (27 males, mean
age 54.96 + 2.53 years; 21 females, mean age 54.04 +
2.61 years);

4) the distribution of genotype and alleles frequen-
cies of mutation R702W of NOD2 gene was assessed
in 40 patients with CRC (21 males, mean age 56.38 +
3.22 years; 19 females, mean age 54.32 = 2.28 years).

The study included two groups of healthy subjects-
volunteers with different mean age matching the age
at disease onset in groups of patients with CD and
CRC:

1) 38 subjects (19 males, mean age 34.94
1.73 years; 19 females, mean age 33.47 = 1.91 years)
to detect the frequency distribution of genotype and

alleles frequencies of mutations 3020insC and R702W
of NOD2 gene compared to the patients with CD;

2) 40 subjects (22 males, mean age 53.68 *
1.14 years; 18 females, mean age 51,67 = 1.39 years)
to detect the frequency distribution of genotype and
alleles frequencies of mutations 3020insC and R702W
of NOD2 gene compared to the patients with CRC.

The Ethics Committee of Danylo Halytsky Lviv
National Medical University approved this study and
written informed consent was obtained from all the
subjects.

Statistical analysis. Frequency of the mutations
among CD and CRC patients in comparison with healthy
controls was evaluated by means of odds ratios (OR)
and their 95% confidence intervals (95% CI). The com-
parison of mean age at CD onset was performed using
Mann —Whitney U-test. Hardy — Weinberg equilibrium
(HWE) in both groups was analyzed by x2 test. OR with
the corresponding x? distribution test and 95% Cl were
usedto assess the association between the investigated
NODZ2 variant and susceptibility to CRC and CD. The
relationship between the NODZ2 variants and the risk was
analyzed under genotype and allelic models. Homozy-
gous genotype for the wild-type allele in Caucasians
was used as the reference category. Only P values <
0.05 were considered significant. If x2 < 3.84and p >
0.5, the population was considered in HWE.

RESULTS

The presence of the mutant alleles was examined
inthe patients with CD, CRC without previous diagnosis
of CD and CD-associated CRC as described above.
The distribution of genotypes and alleles frequencies
of 3020insC mutation in patients with CD and healthy
controls is shown in Table 1. We have found a statisti-
cally significant difference in the allele frequencies
and genotype distributions of ¢.3020insC mutation
in the patients with CD in comparison with the control
group. The frequency of the wild type was significantly
lower in the patients with CD in comparison with the
control group.

Table 1. Distribution of genotypes and alleles frequencies of 3020insC
mutation of NOD2 gene in patients with CD and healthy controls

Control
Genotypes/ z group 1 P OR
Alleles (=54 (n=38) value (95% Cl)
n % n %
Wild type 39 722 36 947 0.01 0.14 (0.03-0.68)
Heterozygous 13 241 2 53 0.03  5.71(1.21-27.01)
Homozygous 2 37 0 0 0.41  3.67 (0.17-78.57)

Allele N 91 843 74 974

Allele M 17 157 2 g 001 0.14(0.03-0.65)

The frequency of the minor allele “M” of the
€.3020insC mutation in the patients with CD was
significantly higher than in the control group. The ob-
served NOD2 ¢.3020insC genotype frequenciesinthe
patients with CD and controls were in agreement with
HWE (cases: x2=0.46, p = 0.5; controls: x2=0.03, p =
0.9), suggesting no population stratification.

The associations of age at CD onset and gender
in the carriers of 3020insC mutation or the patients
without mutation are shown in Table 2.
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Table 2. Associations of age at CD onset and gender in patients with and
without 3020insC of NOD2 gene mutation
Patients with mutation _ Patients without mutation

Gender The mean age at CD onset The meanageatCDon- p
(in years), M+ m (n) set (in years), M = m (n)
Males 341x73(n=7) 37.7+38(n=17)  0.66
Females 225+1.6(n=28) 327+£25(n=22) 0.002
Total 27.9+3.7 (n=15) 34.6+2.1 (n=39) 0.02

The age at CD onset in the female carriers
of 3020insC mutation was significantly lower com-
pared to the females without the mutation. The age
of the males with this mutation was not significantly
different compared to the age of the males without
the mutation.

Surgical interventions required 30/54 (55.6%)
of all CD patients and among those who underwent
surgery 12/30 (40.0%) were carriers of 3020insC
mutation.

The mutation in hetero- and homozygous states
has been detected in 7/9 (77.8%) of patients who
underwent right hemicolectomy. The mean age of the
patientsin this group (3 menand 4 women)was 17.7 +
2.2 years (8-22 years). 3020insC mutation in hetero-
zygous state was detected only in 3/24 (12.5%) pa-
tients without CD surgery. These finding suggest that
the proportion of patients requiring surgical interven-
tions for CD and carrying 3020insC mutation was
12/18 (66.7%) and higher compared to those without
the mutation (3/21) (14.3%).

The presence of the mutant alleles of ¢.3020insC
mutation was examined in two groups of patients: with
CRC without previous diagnosis of CD and with CRC,
associated with CD. The distribution of genotypes
and alleles of ¢.3020insC mutation of NOD2 gene
in patients with CRC without previous diagnosis
of CD is shown in Table 3.

Table 3. Distribution of genotypes and alleles of 3020insC mutation
of NOD2 gene in patients with CRC and healthy controls

Control
Genotype/ C_Ri:s group2(n P OR
Allele (N=48) " _4p)  vale  (95%Cl)
n % n %
Wild type 46 95.8 38 95.0 0.85 1.21(0.16-9.00)
Heterozygous 1 21 2 50 0.47 0.40(0.04-4.63)

Homozygous 1 21 0 0 0.57 2.56 (0.10-64.53)
Allele N 93 969 78 975
Allele M 3 31 2 25 080 079(0.13-4.88)

There was no statistically significant difference
in the allele frequencies and genotype distributions
of 3020insC mutation in the patients with CRC in com-
parison with the control group. One homozygous
genotype was detected in the patient with CRC. Also,
we compared allele frequencies in two groups and
no difference was found. The NOD2 3020insC allele
was found in 2.5% of individuals in the Western Ukraine
control population in comparison with 7.3% of indi-
viduals in the Polish controls [32]. Only 2/48 (4.2%)
of the patients with CRC carried 3020insC muta-
tion. These two patients had adenocarcinomas and
3-10 adenomatous polyps of large bowel. One patient
was a 70 year old male with cancer of splenic flexure
of large bowel, who was a homozygous carrier of the
mutation. Another patient was a 53 years old female

with cancer of rectum. She was a heterozygous carrier
of the mutation. Her father (62 years old) had cancer
of rectum and her brother (42 years old) and sister
(40 years old) had polyps of sigma and rectum.

The observed NOD2 ¢.3020insC genotype fre-
quencies in patients with CRC were in disagreement
with HWE (cases: x2 = 20.65, p = 0.01). 3020insC
genotype frequencies in controls were in agreement
with HWE (controls: x2 = 0.03, p = 0.9), suggesting
no population stratification.

This mutation was not found in the group of 8 pa-
tients with CRC, associated with CD.

The presence of the mutant alleles of R702W muta-
tion of NODZ2 gene was examined in the patients with
CD. The distribution of genotypes and alleles of R702W
mutation in these patients is shown in Table 4. There
was no statistically significant difference in the allele
frequencies and genotype distributions of R702W
mutation in the patients with CD in comparison with
control group.

Table 4. Distribution of genotypes and alleles of R702W mutation
of NOD2 gene in patients with CD and healthy controls

Control
Genotype/ - group 1 P OR
Allele (=41 (n=38) value (95% Cl)
n_ % n %
Wild type 37 90.2 36 94.7 0.46 0,51 (0.09-2.98)
Heterozygous 4 98 2 53 046 1.95(0.34-11.29)
Homozygous 0 0 0 0 0.97  0.93(0.02-47.91)
Allele N 78 951 74 974
Allele M 4 49 2 2p 047 053(0.09-2.96)

The observed NOD2 R702W genotype frequencies
in the patients with CD and controls were in agreement
with HWE (cases: x2=0.11, p=0.9; controls: x>=0.03,
p =0.9), suggesting no population stratification.

The mean age at CD onset in the patients carry-
ing R702W mutation was significantly lower (28.4 +
1.4 years) comparing with that in the patients without
the mutation (39.4 = 2.8 years) (p< 0.01). Among the
patients who carried R702W mutation in heterozygous
state, one was a male and three patients were females.
The distribution of genotypes and alleles of R702W mu-
tation of NOD2 gene in the patients with CRC without
previous diagnosis of CD is shown in Table 5. There
was no statistically significant difference in the allele
frequencies and genotype distributions of R702W mu-
tation in the patients with CRC in comparison with con-
trol group. R702W mutation was identified in 8 (20.0%)
patients with CRC (3 males : 5 females). There was
no statistically significant difference of the mean age
at CRC onsetin the patients carrying R702W mutation
(50.5+6.0 years) and in the patients without the muta-
tion (55.8 2.4 years) (p > 0.05). Only one patient with
CRC carried two mutations: he was a heterozygous
carrier of R702W mutation and a homozygous carrier
of 3020insC mutation. None of the controls had more
than one mutation.

The observed NOD2 R702W genotype frequen-
cies in the patients with CRC and controls were
in agreement with HWE (cases: x2 = 0.49, p = 0.5;
controls: x2 = 0.06, p = 0.9), suggesting no popula-
tion stratification.
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Table 5. Distribution of genotypes and alleles of R702W mutation
of NOD2 gene in patients with CRC and healthy controls

Control
Genotype/ C_RC group 2 P OR
Allele (=400 1-40) value (95% Cl)
n % n %
Wild type 32 80.0 37 925 0.12  0.32(0.08-1.33)
Heterozygous 8§ 200 3 75 0.2 3.08(0.75-12.61)
Homozygous 0 0 0 0 1.00 1.00(0.02-51.63)
Allele N 72 90.0 77 96.3
Allele M 8 100 3 38 OB 035(009-137)

Among heterozygous carriers of R702W mutation,
4/8 (50.0%) patients had a familial cancer anamnesis.
Patients from these families meet two Amsterdam
criteria of diagnosis, at least one other family member
has been diagnosed with CRC and/or other malig-
nancies, and 3/8 (37.5%) patients, mutation carriers,
had multiple cancers of large bowel. In 8 patients
with CRC, the disease was associated with CD. One
of them, a 57 years old male, was a heterozygous
carrier of R702W mutation. He had undifferentiated
squamous cell carcinoma of hepar flexure of large
bowel (TANOM1G3).

DISCUSSION

In the patients with CD in comparison with the con-
trol group, we have found a significantly higher fre-
quency of the minor allele “M” of mutation ¢.3020insC
and no significant difference in the allele frequencies
and genotype distributions of R702W mutation.

These mutations exhibit genetic heterogeneity
between Caucasian and Asian populations [33]. The
contribution of the ¢.3020insC and R702W mutations
to CD has been studied in some European countries
with positive associations in CD patients [17, 34-36],
but not in other European and in Asian countries [37—
40]. However, a recent genome-wide association
study in a Japanese population reported a significant
association with these mutations and identified two
new susceptibility loci for CD [41].

The age of CD onset in the Ukrainian females who
carried 3020insC mutation in a heterozygous state was
significantly lower compared with the females without
the mutation. We confirmed that the ¢.3020insC muta-
tion is associated with early-onset CD in female carri-
ers. The mean age at CD onset in the patients carrying
R702W mutation was significantly lower comparing
with the age of the patients without the mutation (p <
0.01). A significant role of NODZ2 variants in determin-
ing an association with earlier age at CD onset was
confirmed in some studies [19, 20, 25]. This is con-
sistent with genetic evidence that the younger age
of diagnosis identifies families with greater linkage
to the IBD1 locus [22].

Surgical interventions for CD were confirmed
in 40.0% of carriers of 3020insC mutation and among
them were 77.8 % of patients who underwent right
hemicolectomy. The same trends were also demon-
strated in several studies [21]. European scientists
revealed that carriers of this mutation have a more
aggressive disease that requires more frequent and
earlier surgery [4]. Homozygosity for the NOD2 frame-
shift 3020insC mutation predicts early onset of CD and

frequent need for surgical intervention with high risk
of re-stenosis [24]. Two homozygous genotypes were
detected in our patients with early onset of CD. One
patient, an 18-year-old woman, with ileal stenosis
and sigmoido-vaginal fistula underwent one-stage
operation: right-sided hemicolectomy and sigmoid re-
section. One year later this patient developed a recto-
vaginal fistula. The second patient, a 30-year-old man,
with entero-enteral fistulas and ileal stenosis under-
went proximal subtotal colectomy and two years later
underwent extirpation of rectum and sigmoid bowel.

The population-based studies tried to link 3020insC
and R702W mutations and anincrease in CRCrisk [42].
In the group of patients from Western Ukraine with
CRC, no statistically significant difference in allele
frequencies and genotype distribution of 3020insC
mutation was confirmed compared to healthy con-
trols. Only one homozygous genotype was detected
in the patient with CRC. NOD2 involvement in the de-
velopment of CRC appears more dubious, although
CD itself is a recognized precancer state [12]. In the
patients with CD, CRC was predominant malignancy
and the most common localization of CRC was sigmoid
colon [43]. We observed 8 patients with CRC, associ-
ated with CD, and 3020insC mutation was not found
among them.

One of the first reports defining the importance
of NOD2 mutations in oncogenesis was the publica-
tion on the Polish population [30] describing a cor-
relation between the 3020insC NOD2 mutation and
an elevated risk of CRC in older patients. These
observations have not been confirmed by other stud-
ies [42]. The studies in different ethnic populations
have produced controversial results regarding the in-
volvement of these mutations of NO2 gene in CRC [30,
42,44, 45]. Some published data have confirmed the
importance of these mutations in the predisposition
of their carriers to the development of CRC [32], other
studies have not confirmed this statement [42, 43].
As a complex disease, cancer is strongly influenced
by environmental and genetic factors, and the gene
polymorphisms represent a critical cause of the dif-
ference in individual susceptibility to cancer [45].
Different sensitivity to chemotherapy of CRC patients
with the 3020insC mutation has been described in the
literature. In particular, it is noted that non-adjuvant
chemotherapy is required for the treatment of CRC
in carriers of this mutation [46]. However, according
to a group of scientists [42], the presence of this mu-
tation, as a factor in the predisposition to the devel-
opment of CRC, was confirmed only in patients with
non-hereditary CRC. These results could be explained
by the high percentage of patients with a hereditary
burden of this disease, as well as different molecular
mechanisms of sporadic CRC and cancer associated
with CD.

The R702W variant might be a predisposing factor
to sporadic CRC in Portugal, particularly in patients
under 60 years of age and in female patients. However,
other researchers found no evidence of NOD2 muta-
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tionsin CRC patients diagnosed under the age of 60 and
in women. They did not find any associations between
NODZ2 mutations and family history, symptoms or CRC
pathologic characteristics [47]. Our study has shown
that in Ukraine half of the carriers of R702W mutation
with CRC had a familial cancer anamnesis. This phe-
nomenon is difficult to explain on the basis of a single
study, because there were only 8 patients in this group.
Individual polymorphisms possibly have increased the
risk of CRC only in the selected groups. Our study sug-
geststhat R702Wand 3020insC variants are not associ-
ated with CRC risk in the Ukrainian patients. Additional
genetic or environmental factors may play a role in the
development of CRC in NOD2 variant carriers. More
and more research has focused on the association
between NOD2 polymorphisms and the risks of various
cancers, such as gastric, endometrial cancer, CRC,
etc., but the results of individual studies were contra-
dictory [48]. Identification of key gene polymorphisms
that are associated with risk of cancer is essential for
predicting anindividual risk [49]. Further work is needed
to establish the possible role of NOD2 mutationsin CRC
predisposition.
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BAPIAHTU TEHA NOD2 C.3019-3020INSC |
C.2104C>T CEPEQA NALUIEHTIB I3 XBOPOBOIO
KPOHA TA KOJIOPEKTAJIbHUM PAKOM,
MELLUKAHLIIB 3AXIAHUX OBJIACTEW YKPAIHU

JI. Jlosuncovka', P. IMinaxcko', M. Jlosuncoka’, A. Ilnascokuir’ *,
I Maxkyx?, O. Jlyxaseuvxuii’, M. Dicecouvkuii’, O. Ilinsncko” >

! JTvgi6cviutl Hayionarvhuil MeOuuHuil yHigepcumem
imeni Jlanuna lanuyvkoeo, Jlvsie 79010, Ykpaina
2llepucasna yemanosa “Incmumym cnadkoeoi namonoeii HAMH
Ykpainu”, Jlvsie 79008, Yipaina
3Inemumym eenemuiu atoounu Iloascokoi akademii Hayk,
Iosnane 60-479, orsua
4 Kaghedpa 3azanvhoi endokpunonoiunoi xipypeii ma
2acmpoeHmeponoitHoi OHKon0eiT,
Yuisepcumem meduunux nayk, I[loznans 60-479, Iorvwa
SVuieepcumem ingopmauiiinux mexunonoeiit ma ynpaeninus,
Kewys 35-225, [lorvwa

Merta: BuaHauMTM 4acToTy anefibHUX BapiaHTiB ¢.3019-
3020insC (rs5743293) T1a c.2104C>T (rs2066844) reHa
NODZ2y nauieHTiB i3 xBOpo60i0 KpoHa, KONOpEeKTanbHUM
pakoMm Ta B OCi6 KOHTPOJIbHOI rpynu i 4OCNIAUTN 3B’A30K LMX
MyTaLii 3 BIKOM BUHWKHEHHS 3axXBOPIOBaHb, CTaTTiO Ta one-
pauiiHuMmn BTpyYaHHamn. Martepiann Ta metogu: [iarHos
XBOpo6U KpoHa Ta KONopeKkTanbHOro paky BCTaHOBJOBANMN
Ha NiacTaBi KNiHIYHOrO ornsaay, peHTreHorpadii rpyaHoi KNiT-
KW, KOMM'IOTEPHOT ToMorpadii, eHA0CKOMNIYHOro JOCNIOXKEHHSA
3 Gioncieto, BkOYalouM rictonorito, nabopaTtopHux aHanisis
KPOBI, cedi Ta kany. 3a AONOMOIrol MOJIEKYNIAPHO-FreHeTUNY -
HUX OOCHIAXEHb, MPOBEAEHMX Y rpynax MauieHTIiB i3 XBOPO-
60t0 KpoHa, AocniakeHo pPO3MNOBCIOAXEHICTb MyTalii 3cyBy
pamkn 34ntyBaHHs 3020insC rena NOD2 y 54 naujeHTiB, Mic-
ceHc-MmyTauii R702W reHa NOD2'y 41 naujeHTa Ta y 38 3g0-
pPOBUX OCI6 KOHTPONBbHOI rpynu. Bu3HayeHo po3noBcloaxe-
HicTb MyTauii 3020insC cepen 48 XBOPUX HA KOJIOPEKTANTbHUA
pak, myTauii R702W — cepepn 40 xBopux Ha pak Ta cepeq,
40 oci6 koHTponbHOI rpynu. [Ansa ineHTudikaujii mytauii 6yno
BMKOPUCTAHO METOAMKY MofiMepas3Hoi NaHulroBoi peakuii
— nonimopdiamMy AOBXUH PECTPUKLINHUX dparmMeHTis. Pe-
3ynbTaTi: BCTaHOBNEHO, WO YacToTa MiHOpPHOro anens (M)
3020insC myTauiji reHa NOD2 y naujieHTiB i3 xBopoboto KpoHa
€ iICTOTHO BULLLOIO, HiXX Y KOHTPONbHIN rpyni (p = 0,01). Bik Bu-
HUKHEHHS XxBopobu KpoHa y xiHok i3 myTauieto 3020insC Bi-
POrigHO HWX4MIA (22,5 £ 1,6 pOKy) NOPIBHAHO 3 BiKOM NMOYaTKy
XBOPOOM y XiHOK 6e3 MyTauji (32,7 = 2,5 poky) (p = 0,002).
He BMSBNEHO CTAaTUCTMYHO 3HAYYLLOI PiIBHULL Y YacToTax ane-
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nen Ta poanoginy reHotmnie mytauii R702W y naujieHTiB i3
xBopo60t0 KpoHa B NOPIBHSIHHI 3 KOHTPOJIbHOIO rpynoto. Ce-
peHii Bik BUHMKHEHHS XBopoOu KpoHa y nauieHTiB i3 MyTau,i-
eto R702W 6yB icTOTHO HUX41M (28,4 = 1,4 poky) NOPIBHSAHO
3 BikOM nauieHTiB 6e3 myTauii (39,4 + 2,8 poky) (p < 0,01). Xi-
pypriYHnX BTpy4aHb npun xBopobi KpoHa notpebysanu 40,0%
HociiB myTauii 3020insC. Cepepn, XBOpUX Ha KOJNIOPEKTaNIbHUIA
pak nuwe y 4,2% sigmivanu myTtauito 3020insC iy 20,0% na-
uieHtiB — R702W. Pe3ynbTat Halnx AOCNIOKEHb CBigyYaTb
npo Te, wo mytauii 3020insC Ta R702W He nos’sa3aHi 3 pu-
3UKOM BWHWKHEHHSI KONIOPEKTaSIbHOrO paky B YKpaiHCbKMX
nauieHTis. He 6yno CTaTUCTUYHO OOCTOBIPHOI Pi3HUL B ce-

Copyright © Experimental Oncology, 2022

pPenHbOMY Bili BAHUKHEHHS KONOPEKTANIbHOIO paky y nawieH-
TiB 3 myTauieto R702W Ta 6e3 Hei. Jluwe y 0gHOro XBoporo
Ha pak ujiei nokanizauii 6yno BusBNeHo ABi MyTauii. BUcHo-
BoK. BinbLu paHHii Bik noyaTky xBopobu KpoHa acoujiloeTbes
3 myTauieto 3020insC, ane nuwie y nauieHTiB XiHOYoi cTari.
BusiBneHo 38’30k Mix MyTauieto R702W i 6inblu paHHiM Bi-
KOM BUHWKHEHHS1 XBOpoOu KpoHa. Y naujieHTiB i3 MyTaujieio
3020insC cnocTepiranu TeHaeHujlo A0 6inblioi YacToTu one-
pauiii 3 npuBoay xBopobu KpoHa.

Kno4osi cnosa: xsopoba KpoHa, KkonopekTanbHWii pak,
BiK Mo4YaTKy 3axBOPIOBAHHSA, XipYpridHi BTPYYaHHSA, MyTauji
3020insC i R702W reHa NOD2.



