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Aim. To estimate the allele frequencies of single nucleotide polymorphisms (SNPs) associated with the
risk of colorectal cancer (CRC) in the Kazakh population of Central Kazakhstan and compare the obtained
results with international reference data.

Materials and methods. The study included 97 apparently healthy individuals with no diagnosed CRC
or family history of malignant neoplasms, who self-identified themselves, their biological parents, and their
maternal and paternal grandparents as Kazakh. Genotyping was performed using the TagMan OpenArray
platform. Following missingness control and assessment of genotype distributions for Hardy-Weinberg equi-
librium, the data were harmonized with the 1000 Genomes Project Phase 3 reference dataset. The population
position of the local group was assessed using principal component analysis and hierarchical clustering. For
each SNP, absolute differences in allele frequencies between the local group and the Eurasian reference su-
perpopulations were calculated, and the closest reference superpopulation was identified. Statistical outliers
were excluded using Tukey’s fences. A total of 55 SNPs were included in the further analysis.

Results and discussion. Principal component analysis showed that the local group occupied an inter-
mediate position within the Eurasian genetic space, predominantly between the European and East Asian
superpopulations. In hierarchical clustering, the local group was represented in all four clusters, with most in-
dividuals distributed between two clusters of mixed population composition. The allele frequency profile of the
analyzed SNPs showed pronounced locus-dependent variability. For 29 of the 55 SNPs (52,7%), the absolute
allele frequency difference from the closest reference superpopulation did not exceed 0,025, whereas for 12
variants (21,8%) it was greater than 0,05. The closest reference superpopulation was EAS for 19 SNPs, EUR
for 18 SNPs, and SAS for 18 SNPs.

Conclusions. The findings are consistent with the established understanding of the admixed genet-
ic structure of the Kazakh population and demonstrate locus-dependent mosaicism in the allele frequency
profile for the analyzed SNP panel. The nearly equal distribution of similarity across the Eurasian reference
superpopulations indicates that no single reference superpopulation is the closest to the local group across
the entire panel of variants. That should be taken into account while transferring findings from genome-wide
association studies, applying polygenic risk scores, and planning medical genetic studies.
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INTRODUCTION
According to worldwide GLOBOCAN estimates

neoplasms (12,1% of all new cases) and third in terms
of mortality from cancer (10,5% of all deaths) [1].

for 2024, colorectal cancer (CRC) ranks third among
all malignancies by the number of newly diagnosed
cases. In the Republic of Kazakhstan, CRC is also
one of the most common oncological diseases, rank-
ing second in terms of morbidity among all malignant
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About 75% of CRC cases are sporadic, occur-
ring in patients without a hereditary predisposition or
family history of the disease [2]. The development of
sporadic CRC is caused by the sequential accumu-
lation of genetic and epigenetic abnormalities lead-
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ing to the transformation of normal colon epithelium
into adenocarcinoma, which in most cases takes 10-
15 years [3]. Early stages of tumor transformation
are usually associated with inactivation of the APC
gene and activation of the WNT/B-catenin signaling
pathway, while the accumulation of alterations in the
TP53, KRAS, PIK3CA genes, components of the
TGF-B signaling pathway and other molecular regu-
lators accompanies further progression [2, 3]. CRC
is considered a molecularly heterogeneous disease,
the formation of which is determined by the interac-
tion of genetic changes, epigenetic alterations, the
tumor microenvironment and immune response [3].
In addition to somatic molecular disorders, a signifi-
cant contribution to the development of sporadic CRC
is made by low penetrance hereditary predisposition
and numerous environmental factors [4, 5]. The ex-
isting two-stage CRC screening program in the Re-
public [6] is based on fecal occult blood test results,
followed by colonoscopy when indicated. This facili-
tates the detection of CRC cases in early stages of
the existing tumor process, but does not take into ac-
count the molecular-genetic mechanisms underlying
the sporadic forms’ development.

Active search for common genetic variants
associated with disease risk is conducted primarily
using genome-wide association study (GWAS) meth-
odology to identify genetic susceptibility loci [3]. Over
the almost last 20 years, large GWAS and interna-
tional meta-analyses have consistently identified new
single nucleotide polymorphisms (SNPs) associated
with CRC. As sample sizes increased from thou-
sands to tens of thousands of cases and controls, the
number of known risk loci expanded significantly, and
pooling results from independent studies allowed the
identification of variants with small effects that were
undetectable earlier [7, 8, 9, 10, 11, 12, 13, 14, 15,
16]. It is also necessary to take into account the ge-
netic architecture features of complex traits and the
limited ability of GWAS to detect rare variants. All this
complicates the generalization of accumulated infor-
mation and its use for the creation of clinical diagnos-
tic panels and the formation of polygenic risk scores.
The development of such tools is necessary for the
implementation of personalized preventive measures
and the stratification of CRC development risk.

Most of the signals detected in the GWAS are
not represented by direct causal variants, but by index
(lead) or marker (tag) SNPs that are only statistically
related to the corresponding locus. As a result, follow-
ing studies usually involve fine mapping and functional
validation aimed at locating the true causal variants,
elucidating the molecular mechanisms of their action,
and independently replicating them in different popula-
tions [7, 8, 10, 12, 13, 15, 17, 18, 19, 20].

Approaches aimed at solving the above-men-
tioned problems were outlined at the early stages
of the genome-wide studies development. Possi-
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ble measures include, for example, increasing the
sample size, expanding the coverage of genotyped
variants, using direct sequencing of loci identified by
the GWAS, and taking into account the evolutionary
characteristics of genetic variants, including their fre-
quency, origin, and age [21].

Subsequent studies have shown that many risk
loci are replicated in different populations, but popu-
lation-specific variants that are characteristic for res-
idents of East Asia, Latin America, Northern Europe
and other ethnic groups have also been identified.
These results suggest that the genetic architecture
of CRC susceptibility includes both loci common to
different populations and variants whose prevalence
and contribution depend on population structure [17,
22, 23, 24, 25, 26]. Despite the high reproducibility of
many associations, differences in the genetic struc-
ture of populations can alter the observed strength
and, in some cases, the direction of associations.
One of the reasons for this is the interpopulation dif-
ferences in allele frequencies and the overall genetic
structure that determine the genetic background on
which the locus effect is realized. As a result, the im-
pact of the same causal variant may vary depending
on the genetic environment, including the distribution
of other genetic variants and features of the genome
architecture [7, 10, 12, 13, 15, 18, 25, 26, 27, 28, 29].

In addition, the transferability of the results is
determined by the features of the structure of linkage
disequilibrium (LD). Interpopulation differences in LD
change the degree of statistical relationship between
the index SNP and the causal variant, so the same
genetic marker may reflect the influence of the caus-
al variant unevenly in different populations. This can
lead to a change in the observed strength of the as-
sociation, decrease the reproducibility of the results,
and complicate the localization of causal variants [7,
10, 12, 13, 15, 25, 29, 30].

When combining GWAS results from differ-
ent ethnic populations, heterogeneity between stud-
ies becomes an additional problem [31]. A possible
solution [30] is the use of transethnic GWAS analy-
sis, which allows for the simultaneous associations
reproducibility assessment in different populations
and takes into account differences in their genetic
structure for more accurate mapping of causal vari-
ants. Transethnic analysis of admixed populations
is further complicated by the need for appropriate
adjustments, the lack of which can lead to spurious
associations and reduce the transferability of results
between populations. The authors [32] note that a
significant proportion of GWAS have been performed
in populations of single ancestry, while admixed pop-
ulations remain underrepresented in genetic studies.
To address this issue, broader inclusion of mixed
populations in GWAS, the use of methods that take
into account the origin of study participants, including
population and principal components, and the devel-
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opment of specialized approaches for the analysis of
genetically mixed groups are proposed.

Further development of transethnic approaches
has shown that heterogeneity between populations is
associated not only with differences in allele frequen-
cies, but also with differences in the size of allele ef-
fects [33]. The authors note that the allelic effects of
individual SNPs can vary between populations, and
such heterogeneity often correlates with the origin of
the samples studied. The reasons may be differences
in the structure of LD, the interaction of causal variants
with environmental factors, and the features of the im-
putation quality in different populations.

For many diseases, transethnic genetic cor-
relation is significantly less than one, which limits the
transferability of GWAS and polygenic risk assess-
ment results between populations. However, existing
methods typically estimate a single transethnic ge-
netic correlation for the entire genome and make it
virtually impossible to determine why the effects of
causal variants differ between populations [34]. Re-
garding this, it is of interest to study transethnic ge-
netic correlation in various functional categories of the
genome and to identify areas where causal effects
are more population-specific, which contributes to a
better understanding of the biological mechanisms of
these differences and the improvement of transethnic
genetic research.

The mentioned problems of transferability of
GWAS results are of great importance for the main
ethnic group of Kazakhstan, given its admixed genet-
ic background [35, 36]. Data obtained using whole
genome sequencing show a high level of genetic ad-
mixture and an intermediate position of the Kazakh
population between European and East Asian popu-
lations, but the number of participants in these stud-
ies is rather small.

The research results obtained in Kazakhstan
agreed with published data on the Kazakh population
in Xinjiang (China). Studies using panels of ancestry
informative markers of 165 SNPs [37] and 56 InDels
[38] independently showed an admixed genetic struc-
ture with a predominance of the East Asian compo-
nent over the European one. Similar results are pre-
sented in a genome-wide study [39], which concludes
that there is no division into two genetically distinct
populations when compared with previously pub-
lished genotypic data on a limited number of samples
from Kazakhstan [40].

There are limitations in the study of genetic
predisposition to CRC related to the transferability of
identified associations between populations of differ-
ent origins, which is especially relevant for the multi-
ethnic population of Kazakhstan, characterized by a
complex population structure. Due to the heterogene-
ity of genetic effects and the underrepresentation of
genetically mixed populations in existing studies, the
frequency characteristics of known SNPs associated
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with CRC in the Kazakh population remain insuffi-
ciently studied.

Aim of the study was to estimate the allele fre-
qguencies of single nucleotide polymorphisms associ-
ated with the risk of colorectal cancer in the Kazakh
population of Central Kazakhstan and compare the
results with published international reference data.

MATERIALS AND METHODS

This study used materials obtained within the
framework of the scientific and technical program
0.0821 «Personalized approach in the management
of a number of significant diseases», carried out at
the Karaganda Medical University, the Regional On-
cology Dispensary, and polyclinic organizations in
Karaganda. The study was approved by the local
bioethics committee of the Karaganda Medical Uni-
versity (decision No. 305 dated May 19, 2017). All
study participants signed a written informed voluntary
consent to participate in the study and to the use of
biological material for scientific purposes before in-
clusion.

For further analysis, the local group included
apparently healthy individuals without established
CRC and a family history of malignant neoplasms
among the relatives of the first, second, and third
degree of kinship. All participants were examined
as part of the national CRC screening program. The
analysis included only individuals of Kazakh nation-
ality who identified themselves, their biological par-
ents, and their maternal and paternal grandparents
as Kazakhs. In total, the local group included 97 par-
ticipants: 37 women and 60 men. The median age
was 48 years (Q25-Q75: 40-57 years).

For the molecular-genetic study, genomic DNA
isolated from peripheral venous blood samples col-
lected in EDTA tubes was used. DNA extraction was
performed using the GeneJET Genomic DNA Purifi-
cation Kit (Thermo Scientific, USA) according to the
manufacturer’s protocol. The quality and concentra-
tion of DNA were controlled spectrophotometrically
using an Implen P330 nanospectrophotometer (Im-
plen, Germany), after which the samples were stored
at —20°C until genotyping.

For genotyping, a panel of single nucleotide
polymorphisms associated with the risk of developing
CRC according to published studies was used. Ge-
notyping was performed using TagMan® OpenArray®
technology on the QuantStudio™ 12K Flex Real-Time
PCR System platform (Applied Biosystems, USA) ac-
cording to the manufacturer’s protocol. Primary pro-
cessing of the results was carried out using Thermo
Fisher Cloud software, after which automatic determi-
nation of genotypes and visual control of allelic signal
clustering were performed.

Information on published GWAS [7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 19, 20, 22, 23, 24, 25, 26,
41] for the SNPs included in this study was obtained
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Table 1 — Sex distribution in reference superpopulations

Superpopulation Females Males Total
AFR 342 319 661
AMR 177 170 347
EAS 260 244 504
EUR 263 240 503
SAS 229 260 489
Total 1271 1233 2504

from the NHGRI-EBI GWAS Catalog [42]. Obtaining
information in batch mode was carried out through
the web interface of the OpenCRAVAT platform [43].
In the case of a multiallelic variant, only the allelic pair
corresponding to local samples was used. Function-
al annotation of SNPs was performed using the VEP
ENSEMBLE web interface [44].

Missingness control in genotypic data was per-
formed using PLINK software version 1.9 [45], avail-
able at https://www.cog-genomics.org/plink/. All sam-
ples and SNPs included in further analysis passed
the missingness thresholds of 10% (--mind 0.10,
--geno 0.10). The conformity of the genotype distri-
bution with the Hardy-Weinberg equilibrium was as-
sessed in the local group using the test implemented
in PLINK 1.9 (--hardy). SNPs with a significance level
of p<0,05 were excluded from subsequent statisti-
cal analyses (rs16869961, rs647161, rs12682374,
rs4948317, rs174537, rs4572213 and rs12953717).

For comparative population analysis, data from
the 1000 Genomes Project (Phase 3) [46] were used,
which included representatives of five superpopu-
lations: African (AFR), Admixed American (AMR),
East Asian (EAS), European (EUR) and South Asian
(SAS). Data on the sex distribution and size of su-
perpopulations are presented in Table 1. The 1000
Genomes Project does not provide information on the
age of participants; it only uses the inclusion criterion
of “age over 18 years”. After quality control, the local
sample was combined with reference data to form a
single set of genotypes. Before comparative analysis
of the population structure, the orientation of alleles
in the local sample was harmonized with the refer-
ence data by converting the A1/A2 designations to a
single system, which ensured comparability of allele
frequencies between populations.

Allele frequencies (AF) were calculated using
PLINK v1.9 (--fregx) for the local group and the ref-
erence superpopulations EUR, EAS, and SAS. The
similarity measure of allele frequencies from each
reference Eurasian superpopulation for each SNP
was estimated by the absolute difference between
the allele frequency in the local group and the cor-
responding frequencies for the reference superpop-
ulation (ABS AAF). For each SNP, the closest refer-
ence superpopulation was determined as having the
minimum allele frequency difference. The threshold
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for detecting statistical outliers of minimal differences
in allele frequencies was determined using Tukey’s
fences as the sum of the distribution’s third quartile
value and 1.5 times the interquartile range, where
the interquartile range was the difference between
the third and first quartiles (Q3 — Q1), calculated
from SNPs that passed the Hardy-Weinberg criterion.
Based on the results of applying this criterion, four
variants (rs9929218, rs11196172, rs2189261 and
rs10774214) were identified and excluded, as their
values exceeded the established threshold for statis-
tical outliers. A total of 55 SNPs were included in the
subsequent analysis.

To assess the population structure, principal
component analysis (PCA) was performed in PLINK
v1.9 (--pca) for two data sets obtained by combining
the local group with all reference populations and with
the Eurasian reference superpopulations (EUR, EAS,
SAS). For the Eurasian subsample, hierarchical clus-
tering was performed using a Ward minimum variance
method based on the values of the first ten principal
components using Euclidean distance. The resulting
clusters were used to assess the position of the local
group relative to the reference populations. All statis-
tical calculations were performed in the RStudio en-
vironment (version 2025.5.1.513; Posit Team, 2025).

RESULTS AND DISCUSSION

To assess the position of the local group rela-
tive to the major global superpopulations, a principal
component analysis was performed on the pooled
sample. Figure 1 shows the first two components
(PC1 and PC2), which explain 13,6% and 9% of the
total genetic variance, respectively.

Along the plane of the first two principal com-
ponents, the African superpopulation was separated
from the other groups. The East Asian and Europe-
an superpopulations were located in opposite direc-
tions along the second principal component, while the
South Asian superpopulation occupied an intermedi-
ate position between them. The American superpop-
ulation overlapped significantly with the European
and South Asian superpopulations. The local group
occupied an intermediate position in the Eurasian ge-
netic space, mainly between the European and East
Asian superpopulations, with substantial overlap be-
tween the distribution areas of EUR, EAS, and SAS.
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Figure 1 — Results of principal component analysis for

After assessing the position of the local group
relative to the global reference superpopulations,
the analysis was restricted to the Eurasian genetic
space, including the EAS, EUR, and SAS super-
populations, as well as the local group. To assess
the internal structure of this pooled sample, hierar-
chical clustering was performed using the first ten
principal components of the PCA. The number of
clusters was set to four, based on the assumption
of the possible formation of separate groups corre-
sponding to three reference superpopulations and
a local group, the results of the cluster analysis are
shown in Figure 2.

The local group was located predominantly in the
overlapping area of the reference Eurasian superpopu-
lations, without forming a visually distinctive cluster.
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The composition of the obtained clusters is
presented in Table 2; all of them were characterized
by different population composition. In the first clus-
ter, representatives of EUR prevailed, while cluster
2 mainly included representatives of EAS and SAS
(289 and 333, respectively). At the same time, clus-
ters 3 and 4 had a distinctly mixed composition. The
local group was represented in all four clusters, with
the largest number belonging to clusters 2 and 4.
Thus, the local sample did not form a separate clus-
ter and was distributed among several components of
the Eurasian population structure.

The results of the cluster analysis are consistent
with the position of the local group on the principal com-
ponent plot and with published data on the admixed ge-
netic structure of the Kazakh population [35, 36].
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Figure 2 — Results of hierarchical cluster analysis for the Eurasian reference superpopulations and the local

group, superimposed on the plane of 1 and 2 principal components

Table 2 — The results of a hierarchical cluster analysis of Eurasian reference superpopulations and the local

group
Cluster EAS Local group SAS EUR
1 18 19 33 199
2 289 38 333 81
3 82 9 56 108
4 115 31 67 115

The population gradients of the A1 allele
frequency distribution are shown in Figure 3. The
rs36053993 variant was characterized by an almost
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monomorphic distribution in all the populations stud-
ied. For the SNPs studied, pronounced interlocus
variability in frequency differences between the local
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Figure 3 — Population gradients of A1 allele frequencies for 55 SNPs in the local group and the EAS, SAS,
and EUR reference superpopulations. SNPs are sorted by A1 allele frequency in the local group
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group and reference superpopulations was observed.
At the same time, the A1 allele frequency was close
to that of various Eurasian superpopulations.

Given the identified intermediate position of
the local sample within the Eurasian genetic space, a
comparison of allele frequencies was then performed

between the local group, represented by apparent-
ly healthy individuals, and the reference superpop-
ulations EAS, SAS, and EUR. For each SNP, allele
frequencies (AF) and the absolute allele frequency
difference (AAF) relative to the reference populations
were calculated and presented in Table 3.

Table 3 — Allele frequencies (AF A1) for the local group and reference superpopulations, absolute differences
in allele frequencies between the local group and each of the reference superpopulations (ABS AAF), name
of the closest superpopulation (Min ABS AAF) and results of the functional annotation of SNPs: functional

consequence (FC) and gene symbol (GS)

ﬁf AF | AF | AF | ABS | ABS | ABS | Min
Nr SNP | A1 A2 | AT AT | A1 | A1 | AAF | DAF | AAF | ABS | FC Gs
EAS | EUR | SAS | EUR | EAS | SAS | AAF
group

1 2 34| 5 6 7 8 9 10 | 11| 12| 13 14

1 rs1035209 T C 0,129 | 0,179 | 0,195 0,094 0,066 | 0,050 | 0,035 SAS :4% -

2 rs10411210 T C 0,160 | 0,192 | 0,097 0,353 0,062 0,033 | 0,193 EAS InV RHPN2
InV,

3| 1510505477 | A | G | 0438 | 0389 | 0479 | 0505 | 0,041 | 0049 | 0067 | EUR | CASCS
n

4 rs10506868 T 0,160 | 0,288 | 0,032 0,207 0,128 | 0,128 | 0,047 SAS InV VTI1A

(51075232 0,068 | 0,152 | 0,043 | 0,021 | 0,025 | 0,084 | 0,046 | EUR | Igv -

InV,

6 | rsi0795668 | A | G | 0358 | 0368 | 0320 | 0,211 | 0,038 0010 | 0,147 | EAS | | LOCI05376400
n

7 rs11064437 T C 0,083 | 0,277 | 0,008 0,014 0,075 0,193 | 0,069 SAS SpAV SPSB2

8 | rs11190164 | G | A | 0,163 | 0,230 | 0,281 | 0,141 | 0,118 | 0,067 | 0,022 | SAS | lgv -

rs11224824 A G 0,129 | 0,118 | 0,113 0,193 0,016 | 0,011 | 0,064 EAS InV TRPC6

10 rs11255841 A T 0,345 | 0,362 | 0,309 0,242 0,036 | 0,017 | 0,103 EAS gV -
InV,

11| 1511903757 | C | T | 0073 | 0,067 | 0170 | 0,077 | 0097 | 0005 | 0,004 | SAS | | LOC124908062
n

12 rs12241008 C 0,165 | 0,300 | 0,100 0,218 0,065 0,135 | 0,053 SAS InV VTI1A

13 rs12309274 G 0,158 | 0,124 | 0,142 0,190 0,015 0,034 | 0,033 EUR InV WNK1
InV,

14 rs12412391 G A 0,359 | 0,439 | 0,285 0,198 0,073 0,081 | 0,160 EUR TV LINC01475
n

15 rs12603526 C T 0,242 | 0,199 | 0,011 0,014 0,231 0,043 | 0,228 EAS InV NXN

16 | rs13129679 | A | G | 0,015 | 0,004 | 0,013 | 0,027 | 0,003 | 0,011 | 0,011 | EUR | Inv FAM193A

17 rs13170463 A G 0,148 | 0,075 | 0,046 0,014 0,103 0,073 | 0,134 EAS gV -

18 | rs1321311 | A | C | 0,170 | 0,169 | 0,217 | 0,330 | 0,047 | 0,001 | 0,160 | EAS | Igv -

19 rs1665650 T C 0,284 | 0,329 | 0,259 0,224 0,024 | 0,046 | 0,060 EUR InV HSPA12A

20 | rs16892766 | C | A | 0,041 | 0,001 | 0,090 | 0,085 | 0,049 | 0,040 | 0,044 | EAS | DsgV | LOC105375712

21 rs16941835 C G 0,220 | 0,327 | 0,211 0,162 0,009 0,108 | 0,058 EUR RRV -

22 | rs16944613 | A | G | 0,400 | 0,402 | 0,242 | 0,268 | 0,158 | 0,002 | 0,132 | EAS | Inv CRTC3

23 rs17094983 A G 0,057 0 0,121 0,117 0,065 0,057 | 0,060 EAS 4% -

24 rs17679617 T C 0,094 | 0,066 | 0,137 0,154 0,043 0,027 | 0,061 EAS InV CDH13

25 rs17817050 G A 0,054 | 0,125 | 0,041 0,175 0,013 0,071 | 0,121 EUR UsgV TMEM238L

26 rs1912804 C G 0,237 | 0,262 | 0,128 0,368 0,109 0,025 | 0,131 EAS InV WWOX

27 | rs2128382 | T | c | 0,201 | 0,103 | 0,167 | 0,143 | 0,034 | 0,098 | 0,058 | EUR | Igv -

Meouyuna u sxonoeus, 2026, 3

107




TeopeaneCKaﬂ N IKCIICPUMCHTAJBHAA MEJIUIUHA

Table 3 — Allele frequencies (AF A1) for the local group and reference superpopulations, absolute differences
in allele frequencies between the local group and each of the reference superpopulations (ABS AAF), name
of the closest superpopulation (Min ABS AAF) and results of the functional annotation of SNPs: functional
consequence (FC) and gene symbol (GS) (continuation)

ﬁ'; AF | AF | AF | ABS | ABs | ABS | Min
Nr SNP At A2 | AT A1 | A1 | AT | AAF | AAF | DAF | ABS | FC Gs
EAS | EUR | SAS | EUR | EAS | SAS | AAF
group

1 2 3lal| 5 6 7 8 9 10 | 11| 12] 13 14

28 rs2427308 T C 0,180 | 0,150 | 0,234 0,176 0,053 | 0,031 | 0,005 SAS InV CABLES2
InV,

29 rs254563 A G 0,348 | 0,238 | 0,407 0,440 0,059 | 0,110 | 0,092 | EUR TV PITX1-AS1
n

30 rs3217810 T C 0,103 | 0,011 | 0,121 0,077 0,018 | 0,092 | 0,026 | EUR InV CCND2
MV,

31 rs36053993 T C 0 0 0,009 0 0,009 0 0 EAS SRV MUTYH
InV,

32 rs3802842 C A 0,304 | 0,398 | 0,269 0,171 0,035 | 0,094 | 0,133 | EUR TV COLCA1
n
InV,

33 rs3824999 G T 0,359 | 0,421 | 0,524 0,319 0,165 | 0,062 | 0,040 SAS TV POLD3
n

34 rs4711689 G A 0,211 | 0,198 | 0,461 0,221 0,250 | 0,013 | 0,010 SAS RRV -

35 rs4779584 C T 0,485 | 0,189 | 0,795 0,556 0,311 | 0,295 | 0,072 SAS gV -

36 rs4813802 G T 0,196 | 0,230 | 0,318 0,480 0,122 | 0,034 | 0,284 EAS RRV -

37 rs4919687 A G 0,237 | 0,253 | 0,298 0,095 0,061 | 0,016 | 0,142 EAS InV CYP17A1

38 rs4924045 T C 0,170 | 0,118 | 0,119 0,226 0,051 | 0,052 | 0,056 | EUR UsgV GOLGAS8B

39 rs4939567 G A 0,428 | 0,438 | 0,551 0,291 0,123 | 0,010 | 0,136 EAS InV SMAD7

40 rs4939827 T C 0,281 | 0,311 | 0,532 0,281 0,251 | 0,029 | 0,000 SAS InV SMAD7

41 rs6061231 A C 0,278 | 0,156 | 0,304 0,392 0,026 | 0,123 | 0,113 EUR RRV -

42 rs6065668 T C 0,299 | 0,469 | 0,247 0,274 0,052 | 0,170 | 0,025 SAS gV -

43 rs6066825 G A 0,344 | 0,289 | 0,378 0,563 0,034 | 0,055 | 0,220 EUR InV PREX1

44 rs658191 G C 0,124 | 0,176 | 0,027 0,042 0,097 | 0,052 | 0,082 EAS InV MACF1

45 rs6687758 G A 0,274 | 0,204 | 0,222 0,129 0,052 | 0,069 | 0,145 EUR gV -

46 rs6691195 A C 0,284 | 0,204 | 0,222 0,131 0,062 | 0,079 | 0,153 | EUR DsgV LINC02474
InV,

47 rs7014346 A G 0,306 | 0,286 | 0,335 0,338 0,029 | 0,021 | 0,032 EAS TV CASC8
n

48 rs704017 G A 0,433 | 0,279 | 0,562 0,417 0,129 | 0,154 | 0,016 SAS RRV -

49 rs72647484 C T 0,036 | 0,001 | 0,084 0,027 0,048 | 0,035 | 0,009 SAS DsgV LOC107985377
InV,

50 rs7315438 C T 0,500 | 0,643 | 0,447 0,545 0,053 | 0,143 | 0,045 SAS TV LOC105370003
n

51 rs73208120 G T 0,052 0 0,084 0,027 0,033 | 0,052 | 0,025 SAS InV NOS1

52 rs7758229 T G 0,247 | 0,246 | 0,319 0,288 0,072 | 0,001 | 0,041 EAS InV SLC22A3

53 rs812481 C G 0,366 | 0,208 | 0,441 0,334 0,075 | 0,158 | 0,032 SAS InV LRIG1

54 rs847208 C A 0,366 | 0,323 | 0,382 0,551 0,016 | 0,043 | 0,185 | EUR RRV -

55 rs961253 A C 0,227 | 0,107 | 0,361 0,299 0,134 | 0,120 | 0,072 SAS UsgV CASC20

Note: IgV — intergenic variant; InV — intron variant; nCTV — non coding transcript variant; SpAV — splice acceptor variant;
DsgV — downstream gene variant; RRV — regulatory region variant; UsgV — upstream gene variant; MV — missense vari-
ant; SRV — splice region variant
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The similarity of the allele frequencies of the
local group with the reference superpopulations
showed pronounced locus-dependent variability. For
29 of 55 SNPs (52,7%), the absolute frequency differ-
ence with the closest reference superpopulation did
not exceed 0,025, while for 12 variants (21,8%) it was
greater than 0,05.

At the same time, the closest reference su-
perpopulation varied depending on the locus: for 19
SNPs, it was EAS, while for EUR and SAS, it was
18 each. The virtually equal distribution of variants
according to their closest reference superpopulations
indicates the absence of a single reference super-
population closest to the local group based on the
frequency profile of the entire investigated panel.

Limitations of the study. The relatively small
sample size and the inclusion of participants primarily
from Central Kazakhstan limit the generalizability of
the obtained frequency characteristics to the Kazakh
population as a whole.

The analysis covered a limited set of previous-
ly described SNPs associated with CRC; as a result,
the identified features of the frequency distribution re-
late directly to the studied panel of variants.

CONCLUSION

The obtained results are consistent with modern
concepts about the admixed and complex multicom-
ponent genetic structure of the Kazakh population.

For the studied panel of CRC-associated SNPs,
a locus-dependent mosaicism of the allele frequency
profile is observed, characterized by an almost equal
distribution of similarity in allele frequencies with ref-
erence superpopulations, which must be taken into
account while transferring the existing GWAS results
across populations, applying polygenic risk scores,
and planning medical genetic studies.
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Llenb. OueHnTb annenbHble YacTOTbl OAHOHYKNEOTUAHbIX nonumopduamos (OHIT), accoummnpoBaHHbIX
C puckoMm pasBuTusa KonopektanbHoro paka (KPP), B kasaxckon nonynauuu LleHTpansHoro KaszaxcTtaHa u
COMOCTaBUTb NOMNyYeHHbIE pe3ynbTaThl C MeXAyHapPOoaHbIMU pedepeHCHbIMU AaHHBIMU.

Mamepuanel u memodsl. B wnccnepoBaHve 6binn BkMoYeHbl 97 YCNOBHO 340pPOBbLIX nul 6es
ycTaHoBneHHoro KPP n cemeltHoro aHamHesa 3nokayecTBeHHbIX HOBOOOpa3oBaHui, onpeaensislune cebs,
cBoux Buonorudecknx poamtenen, a Takke 6abyllek n geaylwek No MaTePUHCKOM M OTLOBCKOM NMMHUM Kak
ka3axoB. [eHoTUNMpoBaHue BbinonHANn metogom TagMan OpenArray. [Nocne KOHTponst IPONYCKOB AaHHbIX U
NpoBEPKN COOTBETCTBUS pacnpefeneHns reHoTUNoB 3akoHy Xapaun — BanHbepra nposogmnm rapmMoHu3aLmio
¢ naHHbiMmn 1000 Genomes Project Phase 3. [NonynaunoHHoe NonoXxeHue nokansHon BbIGOPKM oLieHMBanu
METOZOM aHanm3aa rnaBHbIX KOMMOHEHT 1 nepapxudeckon knactepmsaumu. na kaxagoro OHIN paccunTteiBanu
abconoTHbIE Pa3HOCTM YaCTOT annenen nokaneHON rpynnbl OTHOCUTENBHO peddepeHCHbIX Cyneprnonynsauun
EBpasuu u onpegenanu bnuxanyto pecepeHcHyto cynepnonynsumio. Ctatuctudeckme Bbldpochkl UCKoYanm
no npasuny Tbiokn. B ntoroBbin aHanns 6binu BkntoveHsl 55 OHI.

Pesynbmambi u obcyx0eHue. AHann3 rnaBHbIX KOMMOHEHT nokasan MpOMEXYTOYHOE MONOoXeHune
NoKansHOW rpynmnbl B €BPpasMNCcKOM reHeTUMYECKOM NPOCTPaHCTBE, NPEUMYLLECTBEHHO MeXay €BpOonenckomn
U BOCTOYHOA3naTtckon cynepnonynauuamu. [pu mnepapxmyeckon knactepusauuu nokanbHas rpynna
Oblna npeacTaBneHa BO BCEX YEThIpex kKnactepax, NpevMyLleCcTBEHHO pacnpefensisicb Mexay OBYMS CO
CMeLLaHHbIM MOMYNSAUMOHHBIM COCTaBoM. YacToTHeIM npodune uccnepoBaHHbix OHIT xapakTepusoBancs
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BbIPaXXEHHOW FOKyC-3aBucumMon BapuabenbHocTelo. Ona 29 n3 55 OHIN (52,7%) abcontoTHoe pasnuuuve
yacToT ¢ bnivkanwen pedepeHcHon cynepnonynsiunen He npesbiwano 0,025, Torga kak gns 12 BapnaHToB
(21,8%) oHo cocTtaBnsno 6onee 0,05. Hanbonee 6nuskon cynepnonynsuven ana 19 OHI aenanacek EAS,
ana 18 — EUR v ana 18 — SAS.

Bbigodbl. Pesynbratbl cormacyloTcd C NPEeOCTaBMEeHUSMW O CMELLUAHHOM XapakTepe Ka3axCKon
nonynsaunmM U AEMOHCTPUPYHOT JTOKYC-3aBMCHMMYI0 MO3aUYHOCTb YaCTOTHOIO Npoduist UCCNEA0BaHHOW NaHenNm
OHIT. lMpakTuyeckn paBHOe pacnpedeneHne CxXoacTBa C €BPa3vMACKUMKU CyneprnonynsuusiMyi yKasbiBaeT
Ha OTCYTCTBME €OWHCTBEHHOWN peddepeHCHON cyneprnonynsaumm, Hanbonee 6rnv3kon K rokanbHowm Bbibopke
Mo BCEeW NaHenu BapuaHTOB, YTO HEOOXOOUMO y4MTbIBaTb NPW NEpPEHOCEe pe3ynbTaToB MCCEeLOoBaHUM Mo
MOSTHOFEHOMHOMY MOWCKY accouuaumii, UCMOoMNb30BaHMM MONMIEHHBIX LWKan pUcka 1 NNaHupoBaHUM MeguKo-
rEHETMYECKUX UCCregoBaHNN.

Knroueesbie crioga: KonopekTanbHbIN pak; OAHOHYKNEOTUAHbIE NONMMOPMU3MbI; anmnefbHble YacToThbl;
Kasaxckas nonynsiyms
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3epmmeydiH makcambi. OpTanblk KasakCTaHHbIH Kasak nonynsuMscbiHga KornopekTangbl obbipabiH
(KPO) mamy kaynimeH accoumaumsinadran bipHykneotnaTi nonumopduamaepain, (BHIM) annenbgik kuinikrepiH
Oaranay >xaHe anblHFaH HaTWXKenepai xanblkapanblk pedepeHCTiK AepekTepMEH CanbICTbIPY.

Mamepuandap xoHe adicmep. 3eptTreyre KPO gnarHo3bl KOMbINIMaraH XaHe 0TOachINblk aHaMHe3iHae
KaTepnixxaHa Tysinimgep 6onmaraH, e3iH, OMoNornanbIK ata-aHanapbliH, COHAAN-aK aHacbl MEH 9KECi XaFblHaH
aTa-oXenepiH kasak Aen KepCeTKeH WapTThbl Typae AeHi cay 97 agam eHrisingi. FfeHotuntey TagMan OpenArray
apicimeH xyprisingi. lepektepaeri eTki3din anbiHFaH MaHAepre Gakbinay XXypridinin, reHoTUNTep TapanybiHbIH
Xapau-BanHbepr Tene-TengiriHe cenikecTiri TekcepinreHHeH keniH gepektep 1000 Genomes Project Phase 3
aepekTepimeH yunectipingi. >KeprinikTi ipikTeMeHiH nonynauusanbIk OpHbl HEri3ri KOMNOHEHTTepAi Tangay aaici
)KOHE nepapxusarnblk knacrteprey apkpinbl 6aranangbl. ©p6ip BHIT yLwiH XXeprinikTi TONTbIH annernb Xuiniktepi
MeH EypasusHbiH pedepeHCTik cynepnonynaumsanapbiHgarbl annenb XUiniktepi apacbiHgarbl abCcomnoTTi
ambipMalUbIbIKTAP €eCenTerin, €H >XakKblH pedepeHCTiK cynepnonynauns adbiktangpl. CTatucTukanbik
aybITKbIManbl MaHAep TbiokM epexeci 6onbiHLa anbiHbIn Tactangbl. KopbiTeiHabl Tangayra 55 BHI eHrisingi.

Hamuxenep xoHe mariKkbinay. Herisri KOMMOHEHTTEpAi Tangay >XeprinikTi TOMTblH, eypasussnbik
reHeTmKarnblK KeHICTIKTE, HEri3iHEeH eyponarnblK XoHe LbIFbICa3nsAnbiK Cynepnonynaunsnap apacbiHaa apanblk
OpbIH anaTblHbIH KepceTTi. epapxusanblk Knactepriey HoTWbKeCiHOe XKeprifikTi Ton 6aprnbiK TepT knacrepae
YCbIHbINbIN, HEri3iHEH MOMyNsAUMANbIK Kypambl apanac eki knactep apacbiHga 6eniHgi. 3epttenreH BHI-
napAblH Xuinik npoduni Nokycka Tayenai avikbiH BapuabenbginikneH cunarttangbl. 55 BHIM-HbIH 29-biHOa
(52,7%) eH >xakblH pedepeHCTik cynepnonynauMsaMeH annernb XWinikTepiHiH abcontoTTi anbipMaLlbinbIfbl
0,025-teH acnagbl, an 12 Hyckana (21,8%) 6yn kepceTtkiw 0,05-TeH xofapbl 6onabl. 19 BHIT yLwiH eH XakpIH
cynepnonynauusa EAS, 18 BHIM ywin EUR >eHe 18 BHIT ywiH SAS 6ongbi.

KopbimbiHObiniap. AnblHFaH HBTUXENEepP Kasak NnonynsumnsCbiHbIH apanac cunathbl Typarnbl KanbinTackaH
TYCiHiKTEpre coenkec kenegi >xaHe 3eptrenreH BHIT naHeniHiH >KuWinik ApoduniHiH nNokycka Tayenai
MO3auKanbifblFbiH - KepceTeni. Eypasunanbik cynepnonynsuMsanapMeH YKCacTbIKTbIH iC XKy3iHOe Oipkenki
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OeniHyi HyckanapgblH Oykin naHeni GowvbiHLIA >XeprifikTi ipikTemMere eH XakblH OipblHFan pedepeHCTik
cynepnonynauusiHbiH XOK eKeHiH kepceTeni. byn xarfganabl reHom OGoMbIHIWIA accounauuanapabl isgey
3epTTeynepiHi{ HaTXKenepiH nonyndauuanap apacbiHga Kewlipy KesiHae, NonureHgik kayin LwkananapbiH
nanganaHyga xxasHe MeavuMHanblK-reHeTKanblK 3epTTeynepai Kocnapnayna eckepy Kaxer.

Kinm ce30ep: kxonopektanabl 00bip; OipHYKNeoTUATi nonnmopduamaep; annenbaik Xuiniktep; Kasak
nonynsunscebl
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PROTECTIVE EFFECTS OF URTICA DIOICA L. OIL ON OXIDATIVE STRESS AND INFLAMMATION IN
THE RAT BRAIN FOLLOWING GAMMA IRRADIATION AND HEXAVALENT CHROMIUM EXPOSURE
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Aim. To evaluate the neuroprotective effects of Urtica dioica L. oil on oxidative stress and inflammatory
responses in the brains of rats exposed to ionizing radiation alone or in combination with hexavalent chromium.

Materials and methods. Sixty-five white adult male rats were randomly assigned to five groups (n=13/
group): control, irradiation, irradiation + Urtica dioica L. oil, irradiation + Cr(VI), and irradiation + Cr(VI) + Ur-
tica dioica L. oil. Seven days after irradiation, brain tissue was collected for biochemical analysis. Levels of
malondialdehyde (MDA), reduced glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), tumor
necrosis factor-a (TNF-a), and interleukin-6 (IL-6) were determined.

Results and discussion. Exposure to ionizing radiation, particularly in combination with Cr(V1), signifi-
cantly impaired antioxidant defenses and increased lipid peroxidation and inflammatory cytokine levels in
brain tissue. Pretreatment with Urtica dioica L. oil significantly increased SOD, CAT, and GSH levels while
reducing MDA, TNF-qa, and IL-6 compared with the corresponding untreated exposed groups (p<0.05).

Conclusions. Urtica dioica L. oil attenuated oxidative stress and neuroinflammation induced by ionizing
radiation alone or combined with hexavalent chromium. These findings suggest that nettle oil has promising
neuroprotective potential through enhancement of endogenous antioxidant defenses and suppression of in-
flammatory responses.

Key words: ionizing radiation; brain; oxidative stress; inflammation; nettle oil; Urtica dioica L.

INTRODUCTION Among medicinal plants, Urtica dioica L.,

Medicinal plants have historically served as
a fundamental component of healthcare systems
worldwide. Beyond their traditional use as remedies,
many plant species are also consumed as food ingre-
dients and spices, providing a rich source of bioactive
compounds for pharmaceutical research. In recent
decades, plant-based nutraceuticals and functional
foods have attracted considerable scientific attention
due to their potential protective effects against dis-
eases associated with modern lifestyles and environ-
mental factors, including inflammation, hypercholes-
terolemia, atherosclerosis, endothelial dysfunction,
and cancer progression.

116

commonly known as stinging nettle, has attracted
considerable scientific interest due to its wide range
of biological activities. Urtica dioica L. is a perenni-
al herbaceous plant belonging to the genus Urtica,
characterized by serrated leaves covered with sting-
ing hairs. Its leaves contain a rich composition of nu-
trients and bioactive compounds, including dietary
fiber, essential fatty acids (linoleic, linolenic, palmitic,
stearic, and oleic acids), essential amino acids, and
pigments such as B-carotene, lutein, and other ca-
rotenoids. In addition, nettle is abundant in antioxi-
dant compounds, including polyphenols (kaempferol,
quercetin, caffeic acid, coumarins, and other flavo-
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noids). It also contains numerous minerals such as
calcium, zinc, magnesium, sodium, iron, phospho-
rus, cobalt, potassium, nickel, and molybdenum, as
well as vitamins A, C, K, and B-complex vitamins.
Due to this balanced nutritional composition and high
content of bioactive compounds, stinging nettle has
gained increasing recognition as a valuable medicinal
and functional plant [1].

Numerous studies have demonstrated that
Urtica dioica L. exhibits a broad spectrum of phar-
macological properties, including antioxidant, anti-in-
flammatory, antiproliferative, analgesic, immunomod-
ulatory, antihypertensive, anti-infective, and anti-ulcer
activities. Moreover, nettle has been suggested to
contribute to the prevention of cardiovascular and
neurodegenerative diseases [2].

Oxidative stress plays a central role in the
pathogenesis of many neurological disorders. During
incomplete reduction of molecular oxygen (O-), reac-
tive oxygen species (ROS) such as superoxide an-
ion (O2*"), hydroperoxyl radical (HO.¢), and hydroxyl
radical (HO-) are generated [3]. These highly reactive
molecules can damage lipids, proteins, and DNA,
thereby disrupting cellular homeostasis. ROS-mediat-
ed oxidative stress can activate multiple intracellular
signaling pathways, including the nuclear factor kap-
pa-B (NF-kB) pathway. Activation of NF-kB promotes
neuroinflammation, microglial activation, neuronal
apoptosis and necrosis, and secondary neuronal
damage. Furthermore, it stimulates the transcription
of genes encoding pro-inflammatory cytokines such
as interleukin-1f (IL-1pB), interleukin-6 (IL-6), and tu-
mor necrosis factor-a (TNF-a) [4].

Reactive oxygen species particularly affect
polyunsaturated fatty acids in cellular membranes,
initiating lipid peroxidation chain reactions that ul-
timately lead to the formation of malondialdehyde
(MDA), a widely recognized marker of oxidative
damage [5]. To counteract oxidative stress, the body
relies on endogenous antioxidant defense systems,
including enzymatic antioxidants such as superoxide
dismutase (SOD), glutathione peroxidase (GPx), cat-
alase (CAT), and glutathione reductase (GR), as well
as non-enzymatic antioxidants such as reduced glu-
tathione (GSH), cysteine, coenzyme Q, and vitamins
A, C, and E, metals (Se, Zn) [6].

Plant-derived compounds have attracted sig-
nificant attention for their ability to modulate oxidative
stress and inflammatory responses. Herbal extracts
may exert anti-inflammatory effects by targeting var-
ious cellular signaling pathways or endogenous en-
zymes involved in inflammatory processes. In partic-
ular, extracts of Urtica dioica L. have been reported to
modulate the inflammatory cascade by inhibiting cy-
clooxygenase enzymes (COX-1 and COX-2), thereby
reducing the synthesis of inflammatory prostaglan-
dins, and by suppressing mast cell tryptase activity to
prevent degranulation [7].
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In addition to these mechanisms, bioactive
compounds present in nettle, such as rutin, kaemp-
ferol, and vitamin A, have been shown to possess
strong antioxidant and anti-inflammatory properties.
The phenolic and flavonoid constituents of Urtica dio-
ica L. contribute to the scavenging of reactive oxygen
species and the inhibition of lipid peroxidation, there-
by protecting cells from oxidative damage [8].

Despite the growing body of evidence support-
ing the biological activities of Urtica dioica L., further
research is needed to identify its active phytochemi-
cals, clarify their mechanisms of action, and evaluate
their therapeutic potential in conditions associated
with oxidative stress and inflammation.

Therefore, the study aimed to investigate the
effects of Urtica dioica L. oil on oxidative stress and
inflammatory responses in the brain following com-
bined exposure to ionizing radiation and hexavalent
chromium, two environmental factors known to in-
duce severe oxidative and inflammatory damage in
neural tissues.

MATERIALS AND METHODS

White adult male rats (170-190 g) were ob-
tained from the vivarium of the Scientific and Practical
Center of NC JSC «Marat Ospanov West Kazakhstan
Medical University» (Aktobe c., Republic of Kazakh-
stan). Prior to the experiment, the animals underwent
a 14-day acclimatization period.

All experimental procedures were approved
by the Institutional Animal Ethics Committee of NC
JSC «Marat Ospanov West Kazakhstan Medical Uni-
versity» and were conducted in accordance with the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986).

A total of sixty-five rats were randomly as-
signed to five experimental groups (n=13/group):
group | — control group; group Il — rats exposed to a
single total-body y-irradiation dose of 4 Gy; group Il
— rats treated daily with Urtica dioica L. oil at a dose
of 2.5 mL/kg body weight for 14 days, followed by
total-body y-irradiation (4 Gy); group IV — rats ad-
ministered potassium dichromate (K.Cr.O-) in drink-
ing water at a concentration equivalent to 180 mg/L
Cr(VI) for 14 days, followed by total-body y-irradia-
tion (4 Gy); group V — rats administered potassium
dichromate (K.Cr.O-) in drinking water at a concen-
tration equivalent to 180 mg/L Cr(VI) and treated with
Urtica dioica L. (2.5 mL/kg body weight) for 14 days,
followed by total-body y-irradiation (4 Gy).

Seven days after irradiation, animals were euth-
anized under light anesthesia by cervical decapitation.

The brain was rapidly excised and placed in
ice-cold buffer containing 10 mM Tris-HCI (pH 7.4).
Brain tissue samples were centrifuged, and the su-
pernatants were stored at —20 °C until biochemical
analysis.

117



