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KEYWORDS ABSTRACT:
A total of 200 cases of breast cancer were diagnosed in our experiment. Patients with stage I-IV breast

CHEK2, Ilel57Thr cancer, aged 30-65 years, who received chemotherapy (the main group) and 100 healthy women (the control

17879961 . . . . . .
E)rrseast cancei’ group) were selected. Information on histological examination of the tumour and blood biochemistry was
oncolo ’ obtained from the patients' medical records. DNA was isolated from the blood of women from the main and
nc , . Lo . . . .
=@ . control groups using the “Ampli Prime Ribo-prep” kits (OOO “Next Bio”, Russia). PCRs were performed on
polymorphism

the Corbett Research GRADIENT PALM CYCLER PCR Analysers CG1-96 (Australia) amplifier. The
functionally dangerous allele T of the CHEK2 gene Ile157Thr polymorphism was statistically significantly
more common in patients with breast cancer than in healthy donors (2.0% and 0.5%, respectively). The safe
C allele, on the other hand, was more common in the control group than in the main group (99.5% and
98.0%, respectively).

The aim of the study is to determine the frequency of the Ile157Thr rs17879961 polymorphism of the
tumour protein CHK2 in the development of breast cancer in the Uzbek female population, its association
with onco markers and the Pro72 Arg polymorphism of the Tp53 gene.

Materials and Methods. The quantity and quality of the isolated DNA were checked using a NanoDrop
2000 (Thermo Fisher Scientific, USA) spectrophotometer. Polymerase chain reaction was performed on a
Corbett Research GRADIENT PALM CYCLER PCR Analyzers CG1-96 (Australia) amplifier, and
statistical analysis of the results was calculated using the statistical computer programs “WinPEPI 2016,
Version 11.65” and “EpiCalc 2000 Version 1.02”.

Rusults. A total of 200 women with breast cancer, who formed the main group, and 100 conditionally
healthy Uzbek women in the control group, participated in the study. The results of biochemical blood tests
of patients and immunohistochemistry (ER, PR, Her2/neu, Ki67) oncomarkers were obtained from the
patients' medical records and the association with the CHEK?2 gene Ile157Thr polymorphism was examined.
The CHEK?2 gene Ile157Thr polymorphism C/C (natural) and C/T (heterozygous) genotypes were detected
in 200 patients from the main group.

Conclusion. The findings suggest that the G allele and the heterozygous C/G genotype of this polymorphism
may be among the factors increasing the risk of breast cancer (p > 0.05).
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1. Introduction

1.1. It is known that 5% - 10% of oncological diseases
are hereditary'. Several genes that determine hereditary
predisposition have been identified, and the CHEK2
gene is one of these genes with moderate penetrance®!.
The CHEK2 checkpoint kinase is responsible for the
synthesis of the CHK2 protein, and selective inhibitors
of CHK2 have been shown to reduce the apoptosis
process and increase the resistance of healthy cells to
chemotherapy and radiation, which is why scientists are
increasingly interested in the CHK2 protein®.

The cell cycle checkpoint kinase 2 (CHEK2) gene
(OMIM + 604373) encodes a serine/threonine kinase
and is the human homolog of Saccharomyces cerevisiae
RADS53 and S. pombe CDS1% The gene was first
identified in 1998 and is a polypeptide of 65 kD and
543 amino acid residues.

The CHEK2 gene plays a key role in regulating cell
cycle checkpoints induced by DNA damage. In this
cascade, CHK2 protein is phosphorylated and activated
by ATM, which in turn activates TP53 and BRCA1/2
(Fig. 1), which play important roles in regulating cell
cycle checkpoints, apoptosis, and DNA damage
repair’®. CHK2 is considered a potential tumour
suppressor, and the ATM-Chk2-Cdc25A-Cdk2 cascade
is a mechanism that prevents radioresistant DNA
synthesis and maintains genome integrity’.

The CHEK2 gene (also known as CDS1; CHK2; LFS2;
RADS53; TPDS4; hCdsl; HuCdsl; PP1425) is the most
widely studied homolog of Rad53 and Cdsl. CHK?2 is
located on the long arm of human chromosome 22q12.1
and is a tumour suppressor gene encoded by the
serine/threonine kinase CHK2, which has been
described as a gene with moderate penetrance for breast
cancer susceptibility®®. The presence of three functional
domains of CHK2 is shown in Fig. 2: it consists of a
Ser/Thr catalytic domain at the C-terminus, a SQ/TQ
cluster domain (SCD) at the N-terminus, and an FHA
domain with a hairpin head'’.

2486

|

Intra-S and G2/M
I Apoptosis ] l G1/S Checkpoint I I HR | Checkpoint

ot cyae ) )

Figure 1. The cellular function of the CHK2 protein
is described by8
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Figure 2. Primary structure of CHEK2

The SCD (residues 19—69) consists of 7 pairs of serine—
glutamine or threonine—glutamine (SQ/TQ) residues
that are phosphorylated by ATM and other kinases. The
SQ/TQ domain contains the T68 residue, which is
essential for CHK2 activation'!.

The FHA domain (residues 92-205) forms an 11-
stranded P-sandwich structure. The serine—threonine
kinase domain (residues 212-501) makes up almost half
of CHK2. The KD domain consists of two segments,
between which is a cleft that forms the ATP binding site
(Fig. 2). The N-terminal segment is predominantly B-
sheet and contains the conserved E273 amino acid
residue, which is essential for catalytic activity. The C-
terminal segment is mainly composed of a-helical
structure and serves to transport the CHK2 molecule
into the nucleus'.

As the evidence for the association of the CHEK2 gene
with breast cancer increases, the clinical importance of
studying this gene and identifying its various variants is
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increasing. According to ClinVar (as of 13.12.2024),
there are relatively dangerous (358) and dangerous
(125) variants of the CHEK?2 gene'?.

Polymorphism Ile157Thr rs17879961 (470T>C,
I157T: ATT>ACT).

It is known that there are several polymorphisms of the
CHEK2 gene, and in our scientific work we examined
the frequency of the Ilel57Thr (rs117879961)
polymorphism in women of Uzbek ethnicity, who
formed the main group of breast cancer patients and
control groups. The Ile157Thr missense variant of the
CHK2 protein is located in the FHA domain of CHEK?2.
The Ile157Thr missense variant occurs as a result of the
substitution of isoleucine for threonine at the 157 locus
of the domain and changes the binding of key
substrates. As a result, CHK2 changes its ability to bind
to BRCA1, Cds25A and TP53'4. CDC25A activates the
cyclin A/E-CDK2 complex, which causes the cell to
enter the S phase of cell division and DNA replication.
When DNA is damaged for various reasons, CDC25A
is degraded, resulting in failure of DNA replication. The
[le157Thr CHEK?2 mutation prevents the degradation of
CDC25A, which leads to replication of damaged DNA
and proliferation of tumor cells'>.

In patients with breast cancer, the Ile157Thr mutation of
the CHEK?2 gene causes a disruption of the suppressor
function of p53 and the function of p21. Various studies
have found that the Ile157Thr missense variant of
CHEK?2 is closely related to the development of various
tumors, including breast cancer, colorectal cancer, colon
cancer, testicular cancer, thyroid cancer, and kidney
cancer!®!,

To our knowledge, no scientific studies have been
conducted in Uzbekistan on the association of CHEK2
gene polymorphisms with CHD.

1.2. In conclusion, the Ile157Thr mutation impairs the
activity of tumour suppressors, which in turn leads to
uncontrolled proliferation of tumour cells and a
worsening prognosis of the disease'®!°.

1.3. Research objective. In addition, this scientific
research is aimed at studying the Ilel57Thr
polymorphism of the CHEK2 gene in Uzbek women
diagnosed with breast cancer.
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1.4. The study involved 200 Uzbek women diagnosed
with breast cancer and 100 healthy women. Scientific
observations were also carried out. All analyses and
observations during the studies were carried out without
the consent or objection of patients and healthy women.
All scientific procedures carried out in this study were
carried out with the official permission of the
management of the scientific institution.

2. Materials and methods of the study

The study included a total of 200 Uzbek women
diagnosed with breast cancer (n=200) and a
conditionally  healthy  control  group (n=100).
Demographic (ethnicity, age, marital status) and clinical
data (blood, histological and biochemical tests) were
obtained from the patients' medical history. For this
study, blood samples were taken from 200 patients
diagnosed with breast cancer based on the results of
mammography and histological examination at the
Specialized Scientific and Practical Medical Center of
Oncology and Radiology of the Republic of Uzbekistan
and its Tashkent City Branch, mammalogy department,
and 100 conditionally healthy Uzbek women as controls
(control group). All molecular genetic tests were
conducted at the Department of Molecular Medicine
and Cell Technologies at the Republican Specialized
Scientific and Practical Medical Center of Hematology.
DNA was isolated from peripheral blood of patients and
conditionally healthy Uzbek women using the
“AmpliPrime Ribo-prep” (OOO “Next Bio”, Russia)
kits. The quantity and quality of the isolated DNA were
checked using a NanoDrop 2000 (Thermo Fisher
Scientific, USA) spectrophotometer. CHEK2 gene
[157Thr mutation was performed according to the
instructions of the Litex (Russia) genetic test Kkit.
Polymerase chain reaction was performed on a Corbett
Research GRADIENT PALM CYCLER PCR
Analyzers CG1-96 (Australia) amplifier, and statistical
analysis of the results was calculated using the
statistical computer programs “WinPEPI 2016, Version
11.65” and “EpiCalc 2000 Version 1.02”.

The following generally accepted abbreviations were
also used:

CDC25 - cell division cycle 25 (CDC25)—family
proteins. CDK2 - Cyclin-Dependent Kinase?2.

PSR - Polymerase chain reaction

KBS - breast cancer
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CHEK?2 - checkpoint kinase2
CHK2 - checkpoint kinase protein
DNA - deoxyribonucleic acid
DDR - DNA Damage Response
SSB - single-strand breaks

DSB - double-strand breaks

3. Results

Genes with not only high, but also moderate penetrance
play an important role in the occurrence of breast
cancer. The CHEK2 gene is in a group of such genes
(CHEK 2 Gene — Gene Cards | CHK 2 Protein | CHK 2
Antibody n.d.; VCV000005591.103 — CLIN Var —
NCBI n.d.)?®?!. A total of 200 women with breast
cancer, who formed the main group, and 100
conditionally healthy Uzbek women in the control
group, participated in the study. The results of
biochemical  blood tests of patients and
immunohistochemistry (ER, PR, Her2/neu, Ki67)
oncomarkers were obtained from the patients' medical
records and the association with the CHEK2 gene
[le157Thr polymorphism was examined. The CHEK2
gene Ile157Thr polymorphism C/C (natural) and C/T
(heterozygous) genotypes were detected in 200 patients
from the main group. Only 1 C/T genotype was
detected in 100 women from the control group. The
analysis of general pathological parameters of 8 patients
from the main group was carried out (Tab. 1).

Table 1

Characteristics of common pathological parameters
of patients with Ile157Thr polymorphism diagnosed
with breast cancer (total of 8 patients)

I 2
v -
No lymph node metastases were )
detected.
Lymph node | Metastases in the axillary lymph 4
metastases nodes
Metastases in the adjacent axillary )
lymph nodes
No metastases in other organs g
(MO)
Spread of
metastases to other
organs Metastases have been detected in )
other organs (M1)
Positive (+) 5
ER
Negative (-) 3
Positive (+) 5
Hormonal receptors | PR
Negative (-) 3
Positive (+) 2
Her2/neu
Negative (-) 6
An indicator of the <15% 2
proliferative .
K
activity of tumor i67 16-30% 2
cells =30% 7

Indicators genotype
C/T
>2 sm (T1) 2
2-5 sm (T2) 4
Tumor size
>5sm (T3) 2

= major C allel = minor T allel

® the wild-type C/C genctype of the lle157Thr palymerphism ® the heterozygate C/T genotype of the Il157Thr polymorphism

120.00%

98.00%
©9.50%

100.00%

80.00%

60.00%

40.00%

20.00%

2.00%

2.00%
0.50%
1.00%

0.00%
the main group the control group

Tumors that have spread to
various sized thoracic organs (T4)

1
Disease stage

1I 6
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Figure 3. Frequency of CHEK2 gene Ilel57Thr
polymorphism in the study groups

The functionally dangerous allele T of the CHEK2 gene
Ile157Thr polymorphism was statistically —more
common in breast cancer patients than in healthy donors
(2.0% and 0.5%, respectively); (x2=2.0; p=0.1; OR=4.1;
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95% CI:0.50-31.69; RR=4.0; 95% CI: 0.50-31.76). The
safe allele C, on the other hand, was more common in
the control group than in the main group (99.5% and
98.0%, respectively, ¥2=2.0; p=0.1; OR=0.2; 95%
CI:0.03-1.98; RR=0.9; 95% CI:0.968-1.002) (Fig. 3).
Thus, it was found that the dangerous T allele increases
the probability of developing breast cancer by 4.1 times
and the relative risk by 4.0 times (Tab. 2).

The functionally dangerous allele T of the CHEK2 gene
[le157Thr polymorphism was statistically —more
prevalent in patients with breast cancer than in
traditionally healthy donors (2.0% and 0.5%,
respectively). The harmless C allele, on the contrary,
was more common in the control group than in the main
group (99.5% and 98.0%, respectively). The
functionally natural C/C genotype of this CHEK?2 gene
[le157Thr polymorphism was found at the highest
frequency in the control group - 99.0%, and in the
group of patients with CHEK2 - 96.0%. At the same
time, the statistical difference threshold reached a
significant level: (y2=2.1; p=0.1; OR=0.2; 95% CI:
0.029-1.966; RR=0.9; 95% CI: 0.936-1.004). It was also
observed that the frequency of occurrence of the
functionally dangerous heterozygous C/T genotype of
the CHEK2 gene Ile157Thr in the main and control
groups was equal (4.0% (8/200) and 1.0% (1/100),
respectively, ¥2=2.1; p=0.1; OR=4.1; 95% CI: 0.50-
33.44; RR=4.0; 95% CI: 0.50-31.54).

Of the 200 patients (Tab. 3) 192 had the C/C genotype
and 8 had the C/T genotype of the Ilel57Thr
polymorphism of the CHEK2 gene. Of the patients with
the C/C genotype, 124 (62%) were ER positive, and the
remaining 76 (38%) were ER negative. Of the patients
with the C/T genotype, 5 (62.5%) were ER positive and
3 (34.5%) were negative. Of the 192 patients with the
C/C genotype, 85 (42.5%) were PR negative, and 115
(57.5%) were positive. Of the patients with the C/T
genotype, 5 (62.5%) were PR positive and 3 (34.5%)
were negative. Of the 192 patients (with the C/C
genotype), 54 (28.1%) were positive for the Her2/neu
marker, 138 (71.8%) were negative, 161 (88.4%) were
positive for Ki67, and 31 (16.1%) were negative. Of the
patients with the C/T genotype, 2 (0.25%) were positive
for Her2/neu, 6 (0.75%) were negative, 6 (0.75%) were
positive for Ki67, and 2 (0.25%) were negative.
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Allele frequency Genotype distribution
Grou frequency
No
“[p C T Cc/C C/T | T/T
n | % |n|%|[n [%|n|%|n|%
Main
grou
39 1919
1]|p 5 98 | 8]2 > s 81410]0
n =
200
Cont
rol
grou [ 19 | 99. 0. 9
2 b 9 |5 1 5 99 9 1{1]10f0
n =
100
Table 2

Prevalence of alleles and genotypes of the CHEK?2
gene Ile157Thr (rs17879961) polymorphism in the
main and control groups.

Note: The natural C/C genotype of the Ile157Thr
polymorphism, the heterozygous C/T genotype of the
Ile157Thr polymorphism.

Ile157Thr ER PR Hf;rf/n Ki67
rs17879961 | sStatus | status . | status
Genoty S K I R R R I O I

pes

1911711185113 ]16]3

c/e 2 9 1310|214 1 1

C/T 3 312 2
Total: 20127 11118514163

“lolale]ls]|5|6]4]7]3
Table 3

Genotopic association of the CHEK2 gene with the
le157Thr polymorphism in the main group of
patients with IGK results (T/T genotype was not
detected in the main group)

Note: Ki67 <15 is considered Ki67 negative, Ki67 >15
is considered Ki67 positive
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4. Discussion

Several studies have reported that the frequency of
CHEK 2 polymorphisms varies in different populations
and ethnic groups?®?, The Ile157Thr polymorphism of
CHK2 in the Brazilian population is 7.2%%*, 1.9% in
Latvia, 8.6% in the Baltic regions®, 5.3% in the Finnish
population, 4.8% in Poland®, 5% in the Slavic
populationl8, and the frequency of the I157Thr
missense mutation in the Polish and German
populations is 2.2-7.4%?’. We know that the Ile157Thr
missense mutation of the CHEK2 gene is more common
in European populations than in Asian populations?®?7.
In particular, when the frequency of the CHEK2 gene
[le157Thr polymorphism was studied in the Turkish
population, this indicator was 0%, 1.47% in the
Burkina Faso (West Africa) population®, and 1.54% in
the Chinese population!-32,

4.1. Summary of the discussion: The main aim of our
study was to investigate the association of CHEK2 gene
Mle157Thr (rs17879961) polymorphism with CHEK?2 in
the Uzbek population. The results showed that out of
200 patients, 192 were carriers of the C/C and 8 of them
were carriers of the C/T genotype. The frequency of
occurrence of the dangerous T allele in donors with
CHEK was statistically higher than in healthy donors
(2.0% and 0.5%, respectively; ¥2=2.0; p=0.1; OR=4.1;
95% CI:0.50-31.69; RR=4.0; 95% CI: 0.50-31.76). The
frequency of the C allele, which was considered safe,
was 98.0% in the main group and 99.5% in the control
group (x2=2.0; p=0.1; OR=0.2; 95% CI:0.03-1.98;
RR=0.9; 95% CI:0.968-1.002). Thus, it was found that
the dangerous T allele increases the probability of
developing breast cancer by 4.1 times and the relative
risk by 4.0 times. The frequency of occurrence of the
functionally dangerous heterozygous G/C genotype of
the CHEK?2 gene Ile157Thr was equal in the main and
control groups (4.0% (8/200) and 1.0% (1/100),
respectively, ¥2=2.1; p=0.1; OR=4.1; 95% CI: 0.50-
33.44; RR=4.0; 95% CI: 0.50-31.54). Carrying this G/C
genotype increased the risk of developing CHD by 4.1
times the odds ratio and 4.0 times the relative risk
compared to women without this genotype. The
[le157Thr polymorphism of the CHEK2 gene was
found to be associated with ER/PR positive CHD.
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5. Conclusion

Our research, conducted for the first time in Uzbek
women, examines the CHEK2 gene Ilel57Thr
polymorphism and its association with breast cancer
risk. The findings suggest that the G allele and the
heterozygous C/G genotype of this polymorphism may
be among the factors increasing the risk of breast cancer
(p > 0.05). Conversely, the C allele and the
homozygous C/C genotype appear to serve as protective
factors against the development of this pathology.
These results indicate that the CHEK2 gene Ile157Thr
polymorphism could be a useful genetic marker for
assessing breast cancer susceptibility.
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