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Abstract

Purpose of the study: To assess the contribution of clonal hematopoiesis of indeterminate potential (CHIP) to the
development of atherosclerotic disease in the Kazakhstani cohort, focusing on TET2 and DNMT3A genes, based on next-
generation sequencing (NGS) data.

Materials and Methods: This study employed an observational cross-sectional design. The cohort comprised 177
women and 225 men, with a mean age of 53.0 + 9.04 years overall (men: 52.2 + 9.0 years; women: 53.7 + 9.0 years).
Patients were stratified by degree of cardiovascular risk category (low, high, very high) according to the ESC/EAS (2019)
recommendations. In this sample, 74 participants (18.4%) were classified as low-risk, 136 (33.8%) as high-risk, and 192
(47.8%) as very high-risk. For the initial phase of analysis, the two most studied genes, TET2 and DNMT3A, were selected
from a total list of 8 priority genes: ASXL1, DNMT3A, JAK2, PPM1D, SF3B1, SFRS2, TET2, and TP53 associated with
CHIP, based on their high clinical significance and frequency of occurrence in previously published studies. By filtering the
data and selecting two priority genes for primary analysis, 41 patients with atherosclerotic disease were selected from the
total cohort. Genetic analyses were performed using high-throughput whole-exome sequencing to cover a wide range of
genetic variants potentially associated with CHIP and the atherosclerotic process. Variant annotation was performed using
international databases (ClinVar, EXAC, 1000 Genomes, etc.), and mutations were interpreted according to the ACMG/AMP
classification using the InterVar platform. Statistical data processing included the nonparametric Kruskal-Wallis test, Dunn's
test for pairwise comparisons, and Fisher's exact test; a value of p < 0.05 was considered statistically significant.

Results: Variants were detected in TET2 (n=35) and DNMT3A (n=6). The median VAF value for TET2 was 50%. The
age of patients differed significantly between risk groups (p = 0.026). Most of the variants detected had an ultra-rare
frequency according to international databases (<0.1%). One pathogenic variant was identified according to the InterVar
classification; the others were predominantly of uncertain significance (VUS). The distribution of variants by risk groups
showed no statistically significant differences (p = 0.341).

Conclusions: The results demonstrate a potential role of CHIP-associated mutations in the pathogenesis of
atherosclerosis. Mutations in TET2 were found to be the most significant. Given the identified genetic features and their
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association with cardiovascular risk, the findings justify extending the analysis to the full spectrum of CHIP-associated genes
to improve the accuracy of risk stratification.
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Llenb nccneposanua: OueHUTb BKNaf KIOHarbHOTO reMonoasa HeonpegeneHHoro noteHuuana (KMHM) B passutue
aTepoCKnepoTMYeckoro 3aboneBaHus B Ka3axCTaHCKOWM KOropTe ¢ ynopoM Ha renbl TET2 u DNMT3A Ha ocHOBe AaHHbIX
CeKkBeHMpoBaHus HoBoro nokoneHns (NGS).

Marepuanbi n MmeToab!: MpoeaeHo 0bcepBaLMOHHOE NOMEPEYHOE UccnenoBaHue. Koropta coctosina 13 177 eHWwyH u 225
MYXXUWH, CPEOHMI BO3paCT KOTOpbIX B Lienom coctasun 53,0 £ 9,04 roga (MyxunHbl: 52,2 + 9,0 roaa; xeHwmHbl: 53,7 + 9,0 roga).
MaupenTol Obim  pacnpemeneHbl MO KaTeropusiM CepheyvHO-COCYAMCTOr0 pucka (HU3KWA, BbICOKWA, OYEeHb BbICOKMIA) B
cooTBeTCTBUM C pekomeHgaumamn ESC/EAS (2019). B atoir BoiGopke 74 yuactHuka (18,4%) Obiry OTHECEHBI K Tpymnne HU3KOro
pucka, 136 (33,8%) — k rpynne Bbicokoro pucka u 192 (47,8%) — K rpynne 04eHb BbICOKOro pucka. [ins HayanbHoM dasbl aHanmaa
[Ba Haubornee u3yyeHHbix reHa, TET2 n DNMT3A, Gbinv BoibpaHbl 13 obLero cnmcka u3 8 npuoputeTHbIX reHoB: ASXLT,
DNMT3A, JAK2, PPM1D, SF3B1, SFRS2, TET2 n TP53, accoummpoBarHbix ¢ KIHIT, Ha OCHOBaHWUM VX BbICOKON KIMHUYECKON
3HAYMMOCTW W YaCTOTbl BCTPEYAEMOCTW B paHEe W3yYeHHbIX WCCredoBaHusX. OnybnukoBaHHble uccrnegoBaHus. [Mytem
UNbTPaLMM AaHHbIX U BbibOpa [BYX MPUOPUTETHBIX FEHOB A1 MEPBWYHOTO aHanmM3a 13 obleir koropTbl Obin oTobpaH 41
MaLUMeHT C  aTepocKnepoTUdeckum  3abonesaHueM. [eHeTMdyeckud aHanmn3  Obim  MPOBEAEH C  MCMONb3OBaHWEM
BbICOKOMPOM3BOAMTENBHOIO CEKBEHMPOBAHMA Beero ak3oMa (NGS, whole-exome sequencing), 4To6bl OXBaTWTL LUMPOKMIA CNIEKTP
FeHeTUYEeCKVX BapuaHTOB, NOTeHUManbHo cBs3aHHbIX ¢ KMHIT 1 atepocknepoTyeckum npoLeccoM. AHHOTMPOBaHWE BapyaHToB
MPOBOAMMOCH C UCMONb30BaHWeM MexayHapooHbix 6a3 ganHbix (ClinVar, EXAC, 1000 reHomoB 1 Aap.), a MyTauum
MHTEPNPETUPOBANNCH B COOTBETCTBMM C Knaccudmkaumeir ACMG/AMP ¢ ncnonb3osanmem nnatdopmbl InterVar. Cratuctudeckas
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obpaboTka [aHHbIX BKMtoYana HenapameTpuyeckuid kputepuii Kpyckana-Yonnmca, kputepuin [JaHHa Ans napHbIX CPaBHEHWA
TOUHbIN kpuTEpUIA GuiLepa; sHaueHre p < 0,05 cumTanoch CTaTUCTUYECKM 3HAUMMBIM.

PesynbTtatbl: BapuaHtbl Gbinu oBHapyxeHbl B TET2 (n=35) n DNMT3A (n=6). MeanaHa sHaveHus VAF ans TET2
coctaBuna 50%. BospacT nauweHToB 3HauMTENbHO pasnmuanca mexay rpynnamu pucka (p = 0,026). BonbWwMHCTBO
OBHapyXeHHbIX BapMaHTOB MMENW KpalHe pefKyl 4acToTy COrmacHO MexayHaponHbiM 6asam fgaHHbix (<0,1%). OguH
NaToreHHbIN BapuaHT Obin  WAEHTUUMUMPOBAH B COOTBETCTBMM C Krnaccudvkaumen InterVar; octanbHble 6binn
NpeyMyLLecTBEHHO HeonpegeneHHoro 3HaveHus (VUS). PacnpepeneHve BapuaHTOB MO rpynnam pucka He Mokasasno
CTaTUCTMYECKM 3HaUMMBIX pasnuuni (p = 0,341).

BbiBogbl: PesynbTathl JeMOHCTPUPYIOT noTeHuuansHylo ponb CHIP-accounmMpoBaHHbIX MyTauuid B naToreHese
atepocknepo3sa. Haubonee 3HaynMbIMy Oka3anuch MyTaummn B TET2. YuuTbiBas BbISIBNIEHHbIE FEHETUYECKE 0COBEHHOCTM
WX CBSA3b C CEPAEYHO-COCYAMCTLIMW PUCKaMM, MONTyYeHHbIE JaHHble 060CHOBBIBAIOT HEOOXOAMMOCTL pacLLMpeHs aHanmsa
Ha Becb cnekTp KIHI-accouumnpoBaHHbIX reHOB ANst MOBLILLEHWS TOYHOCTY CTpaTU(MKaLMM pucka.

Knrouesble cnoea: KioHanbHbIU 2eMON033 C HeonpedeneHHbIM NOMeHYUanoM, amepockiepos, CcepdeyHo-
cocyducmele 3abonesaHus, uwemuyeckas 60e3Hb cepdya.
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3eptTeyain, Makcatbl: TET2 xsHe DNMT3A renpepiHe 6aca Hasap aymapa oTbipbin, KasakCTaHablK nauueHTTepae
aTepoCKnepoTUKanblk aypyablH JaMyblHa aHblkTanMaraH NoTeHUWangbl KnoHablk remonoasgin, (CHIP) yneciH xawa
BybiHHbIH, cekBeHupniey aepektepi (NGS) HerisiHae baranay.
3eprreyain, apictepi: Kengerew (BipmeseTTik) 3eptTey xyprisingi. Koroptka 177 aiien meH 225 ep agam Kipgi, onapablH,
opTalua xacbl xannbl anFanaa 53,0 + 9,04 xactbl kypagb! (epnep: 52,2 + 9,0 xac; atengep: 53,7 £ 9,0 xac). MauueHTrep
ESC/EAS (2019) HyckaynapblHa CoMKeC >Xypek-kaH Tamblpriapbl Kayni OofbiHWIA (TemeH, Xofapbl, eTe Xofapbl)
cTpatudmkauuanaqra. byn ynrine 74 katbicywwbl (18,4%) Tayekeni TemeH, 136 (33,8%) Tayekeni xorapbl xaHe 192 (47,8%) ete
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XOFapbl TaYeKen caHaTblHa XaTKpI3blnabl. TanaayabiH, 6actankbl keseHj yLuUiH 8 reHHin, xannbl TisimiHeH: ASXL1, DNMT3A, JAK2,
PPM1D, SF3B1, SFRS2, TET2, TP53, benrici3 noTeHUmManb! KMoHObIK, remonoasteH GaiinaHbICTbl, eH, ken 3epTTenreH eki reH
TET2, DNMT3A Tanaangbl, onapablH Kofapbl KIMHWKAmNbIK, MaHbI3AblbIFbl MeH OypbIH XapusnaHFaH 3epTTeynepae naiiga 6ony
XuiniriHe HerianenreH. [lepekTepai cypbinTay xaHe bactankbl Tangay yiiH eki 6ackiM reHgi TaHaay HaTWKeCIHIE Xannbl TonTaH
aTepoCKInepoTvKkanblk, aypybl 6ap 41 naumeHT Tangangbl. [eHeTUKanblk, Tangay TOmblk, 3K30MAbl CEKBUHEprey naipanaHa
OTbIPbIN Xypridingi, 6yn Genricia noTeHUanbl KNoHAbI reMONoa3 XeHe aTepOCKepoTHKarbIk, NPOLECneH biKTUMan baiinaHbICTbI
FEeHeTUKanbIK, HyCKanapablH, KeH, ayKpIMbIH KaMTyFa MyMKiHaik 6epai. eHeTukarblk aicTepaiH, aHHOTaUMSCH! XanblKaparblK,
pepexkopnapab! (ClinVar, ExAC, 1000 Genomes xaHe T.6.) naiganaHa oTbipbin OpblHAANAbl XaHe MyTauusnapgel InterVar
nnatdopmackiH nainaanaHa otbipbin, ACMG/AMP knaccudmkaumsicbiHa Cankec TyCiHaipy xyprisingi. CTaTucTukanbik AepekTepa
eHAeyre napameTpnik emec Kpackes-Yonnuc Kputepuii, XynTbIk CanbICTbIpy yLwiH [JaHH Kputepuii xoHe duiep kputepuiii Kipai;
p < 0.05 MaHi cTaTUCTUKanbIK MaHpI3abl 6ONbIN caHanb!.

Hatuxenep: TET2 (n=35), DNMT3A (n=6) reHeTukanblx, BapuaHTTap Tabbinabl. TET2 ywiH VAF MaHiHiH, MeguaHach!
50% wypagbl. launeHTTepAiH, xacbl Tayeken TonTapbl apacbiHga anTaprbiktain esrepai (p = 0.026). Tabbinfa
HyCkanapiplH, Kenwiniri xanbikapanblk 0asanapra ColkeC eTe cupek >xuinikke ue 6ongsl (<0.1%). Intervar
knaccudmkaumscel 6oibiHILA Bip naToreHaik Hycka aHbikTangbl; kanfaHaapel VUS. Kayin katep TonTtapsl 60ibiHILE Geny
CTaTUCTUKaIbIK MaHbI3abl alibipMaLLbIbIKTapabl kepceTneai (p = 0.341).

KopbITbiHAbINAp: ATepocknepo3a natoreHesinaeri CHIP-neH 6aitnaHbICTbl MyTaLuMsnapablH aneyeTTi peniH kepceTesi.
En, Manbidgbickl TET2 myTauusinapbl 6onabl. AHbiKTansaH reHeTuKarnblk, epekLenikTepai XsHe onapmblH, Xypek-KaH
Tamblpnapbl KayniMeH GainaHbICbiH eckepe OTbIPbIM, HaTWKenep Tayekendi cTpaTudukaumsnayabliH, AaNmiriH apTTbipy
yWwiH CHIP 6ainaHbICTbl reHaepain, 6apnbik CnekTpiHe Tanaayabl KeHENTY KaXKETTINiMH Herizgenai.

Heri3ri ceapep: benricia noteHynanbl KIOHAbIK reMOMN033, aTEPOCKNEPO3, XypPeK-KaH Tamblprapbl aypynapbl, XypekTiH,
NLEeMMATBIK, aypybl.
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Introduction compare and interpret findings within a global context. The

Atherosclerosis continues to be one of the leading  present study aims to address this information gap by
causes of premature mortality and disability across the  providing the first systematic data on the frequency and
world. Although traditional risk factors such as arterial  types of CHIP-associated mutations in patients with
hypertension, dyslipidemia, smoking, and diabetes are well ~ atherosclerosis in Kazakhstan.
recognised, not all patients can account for the onset of The purpose of the study
severe cardiovascular disease. In recent years, researchers The present study aims to enhance the survival of
have actively explored the role of somatic mutations  patients with atherosclerotic cardiovascular diseases by
occurring in hematopoietic cells in the pathogenesis of  developing an effective early genetic screening program
atherosclerosis. This phenomenon, referred to as clonal  that enables the differentiation of risk groups based on
hematopoiesis of indeterminate potential (CHIP), is an age- ~ molecular genetic data. To achieve this goal, we employed
related process wherein somatic mutations in multiple  the preparation and implementation of high-throughput
genes promote the expansion of individual clones without ~ exome sequencing (whole-exome sequencing) to detect

exhibiting signs of hematologic malignancies [1,2]. mutations associated with clonal hematopoiesis of uncertain
CHIP mutations are most commonly found in genes  potential (CHIP) and predisposition to atherosclerosis.

such as ASXL1, DNMT3A, TET2, TP53, and PPM1D, Research Objectives

among others, and have been shown in several studies to To select somatic variants in the TET2 and DNMT3A

be associated with a 40-50% increased risk of  genes among patients with atherosclerotic diseases.

cardiovascular mortality [3,4]. It is assumed that clonal cells To estimate the frequency of pathogenic, likely

with mutations in TET2 and DNMT3A produce pro-  pathogenic and variants of uncertain significance (VUS)
inflammatory cytokines, thereby activating monocytic and ~ based on InterVar classification and frequency of
macrophage cascades, which contribute to the progression ~ occurrence in population databases.

of atherosclerotic plaques [5,6]. To correlate molecular characteristics of variants with
While the role of clonal hematopoiesis of uncertain  clinical parameters (age, gender, clinical risk).

potential (CHIP) in the pathogenesis of atherosclerotic Compare the level of clonality (VAF) between the two

disease has been thoroughly explored in recent years, most ~ genes.

existing data come from cohorts in Europe and North Materials and Methods

America. This creates a notable gap in the global An observational analytical study (single-stage, cross-

understanding of the prevalence and molecular  sectional) was conducted to investigate the frequency and
characteristics of CHIP in other regions. The scarcity of ~ molecular characteristics of mutations associated with CHIP in
data from Central Asian countries restricts the ability to  a cohort of young Kazakhstani individuals with atherosclerotic
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cardiovascular disease. DNA samples from patients (n = 402)
with a confirmed diagnosis of atherosclerosis were included.
Whole-exome sequencing (WES) was used to identify genetic
variants potentially associated with CHIP. Inclusion in the
analysis was based on the availability of high-quality NGS data
and compliance with predefined preprocessing criteria.
Genomic loci with wild-type genotype were excluded, as they
contained no allelic substitutions. For further analysis, only
samples carrying heterozygous or homozygous variants were
selected to focus on mutations with potential functional impact.
Patients were stratified into cardiovascular risk categories (low,
high, and very high) based on the 2019 ESC/EAS Guidelines
[7]. The evaluation criteria included clinical parameters, low-
density lipoprotein cholesterol (LDL-C) levels, and the presence
of diabetes, hypertension, target organ damage, chronic kidney
disease, and other risk factors.

Additional filtering of genetic variants was performed based
on their minor allele frequency (MAF < 1%) using international
databases (ExAC, 1000 Genomes, PopFreq). Variant
annotation was performed using ANNOVAR and other
bioinformatics tools, and clinical interpretation was based on
the ACMG/AMP guidelines via the InterVar platform. In our
initial analysis, we examined two of the eight genes associated
with the development of CHIP specifically: ASXL1, DNMT3A,
JAK2, PPM1D, SF3B1, SFRS2, TET2, and TP53. At this
stage, we have selected TET2 and DNMT3A for a more in-
depth analysis. At this stage, the remaining genes are
analysed. Sequencing data annotated using the following
software tools were used for analysis: ANNOVAR, GATK,
BWA, Bowtie/Bowtie2, VarScan. Annotation and functional
interpretation of variants were performed according to the
recommendations of the American College of Medical Genetics
and Genomics (ACMG) and the Association for Molecular
Pathology (AMP). Mutations were classified on the InterVar
platform into five categories: pathogenic (P), likely pathogenic
(LP), variants of uncertain clinical significance (VUS), likely
benign (LB), and benign (B).

To quantify clonality, we utilised variant allele frequency
(VAF), which is calculated as the ratio of reads containing a
variant to the total number of reads at a specific position. VAF
values were expressed as percentages and subsequently
converted to decimal proportions for statistical analysis. Only

variants with a VAF = 2% were analysed, in accordance with
standard thresholds for detecting clonal events. In parallel,
allele frequencies in international databases, such as ExAC,
1000 Genomes, and PopFreq, were taken into account, with a
minor allele frequency (MAF) threshold of < 0.01 to select rare
variants.

Data processing and visualisation were performed in the R
software (version 4.4) using the tidyverse, ggplot2, dplyr,
survival, and survminer libraries. Data are presented as
absolute and relative frequencies, medians, and interquartile
intervals (Me [IQR]). Nonparametric methods were used to
compare quantitative indices between groups, including the
Kruskal-Wallis test and the Mann-Whitney test. Fisher's exact
test and ¥* test were used to assess differences in the
distribution of categorical variables. The critical level of
significance was set at p < 0.05. The p-values are presented
rounded to three decimal places. All tests were two-sided.

Results

At the time of analysis, variants in 8 of the 74 selected
genes involved in the pathogenesis of CHIP were fully
annotated and analysed. Two genes, TET2 and DNMT3A,
were selected for the present analysis as the most
frequently associated with CHIP mutations. After applying
the filtering criteria, 41 out of 402 patients (10.2%) were
identified as carriers of relevant variants. Further
stratification by cardiovascular risk revealed that 14 patients
were classified into the low-risk group, 10 patients into the
high-risk group, and 17 patients into the very high-risk
group. As a result, after stepwise filtering, a distinct
subgroup of patients with CHIP was identified, representing
approximately one-tenth of the total study cohort.

Kernel-density violin plots illustrate the age distribution
in all risk groups (Fig. 1). The mean £ SD ages were 46.8 +
10.4 years (low-risk), 54.2 + 12.7 years (high-risk), and 56.9
+ 8.8 years (very high-risk). Age increased significantly with
risk category (Kruskal-Wallis x? = 6.61, p = 0.037). Pairwise
Dunn tests revealed a significant difference between the
low and very high-risk groups (adjusted p = 0.026). This
analysis aimed to determine whether age varied
significantly among risk groups, as age is a known factor
associated with CHIP and may influence the distribution of
genetic variants within the studied cohort.
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Fig. 1 Age distribution across risk categories
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To assess the relationship between the type of
genetic variants and the degree of cardiovascular risk,
patients were divided into two groups: low-risk and a
combined category of high and very-high-risk (Fig. 2).
Genetic variant types were classified according to
ACMG/AMP guidelines using the InterVar platform into
two categories: pathogenic and VUS. VUS variants
predominated in both risk categories. A small proportion
of pathogenic variants were observed in the low-risk
group, whereas no pathogenic variants were identified in
the high and very-high-risk groups. Within the combined

high and very-high-risk group, all 27 variants were
classified as VUS. In contrast, the low-risk group
included 13 VUS and a single pathogenic variant
(represented by the purple segment), resulting in
proportions of 100% versus 7%. The Fisher's exact test
result (p = 0.341), displayed above the bars, indicates
that this difference is not statistically significant, which is
in line with the limited number of pathogenic variants
identified in the current dataset. These data suggest that
the type of clinical interpretation of variants in the study
cohort is independent of cardiovascular risk grade.

Fisher exact p = 0.341
e ]
£ 75% 1
o
@
=]
=
S 50% 1
2
O
O
2
o .
25%
0% 7

InterVar

. Pathogenic
[ ]wus

High & Very high

L D ‘n"n’l

Risk categories

Fig. 2 Distribution of variant type across risk groups

A non-parametric Mann-Whitney rank-sum test (also
known as the Wilcoxon rank-sum test) was performed to
assess differences in allelic variant fraction between
mutations in the DNMT3A (n = 6) and TET2 (n = 35)
genes. As shown in Figure 3, VAF values ranged from
~6% to ~68%, with the median value being higher for

mutations in TET2 than for those in DNMT3A. Statistical
analysis revealed a trend towards a significant difference
between the two groups (p = 0.056), which may indicate
a possible difference in clone size or the timing of
mutations in these genes.
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Fig. 3 VAF distribution in DNMT3A and TET2.
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The bar chart (Fig. 4) illustrates the number of detected
variants assigned to the MAF minor allele frequency
categories: ultra-rare (< 0.1%), rare (0.1-1%), and common (=
1%), based on data from three population databases (EXAC,
PopFreq, and 1000 Genomes ALL). In the EXAC database, the
vast majority of variants identified were ultra-rare: 38 variants
had MAF < 0.1%. No variants were observed in the rare
category (0.1-1% in ExAC), whereas three variants were found
to be frequent (MAF = 1%). The PopFreq database exhibits a
similar pattern: 40 variants (the majority) are ultra-rare (<0.1%),
none fall within the 0.1-1% category, and only one variant

reaches a frequency of> 1%. In contrast, the 1000 Genomes
database (1000ALL) contains a significant proportion of
variants with high frequency in the population: 27 variants (the
most notable number) were classified as common (= 1%), and
a further 14 variants fell into the rare range (0.1-1%). No ultra-
rare variants (<0.1%) were identified in  1000ALL.
Consequently, according to EXAC and PopFreq statistics, the
majority of identified CHIP mutations are exceptionally rare or
absent in the general population. In contrast, the 1000
Genomes sample includes many of these variants as common
polymorphisms with a frequency of 1% or higher.
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Fig.4 Distribution of MAF Across Population Datasets.

Discussion test (p = 0.341). Nevertheless, almost all pathogenic variants

In the present study, we analysed the frequency and  were recorded in the low-risk group, which warrants further
molecular characteristics of CHIP in patients with  investigation in an expanded sample. Such ambiguity may be

atherosclerotic disease, with a particular focus on the TET2
and DNMT3A genes. Data are derived from NGS analysis and
stratified according to cardiovascular risk categories as outlined
in the 2019 ESC/EAS guidelines [7].

One of the significant findings of the study was that
mutations in TET2 were significantly more frequent than those
in DNMT3A (n = 35 vs. n = 6), with higher VAF values in the
TET2 group. The median VAF for TET2 was 50%, potentially
indicating the presence of mutations in high clone progenitor
cells. Although there was no statistically significant difference (p
=(.056), the results obtained may indicate differences in clonal
expansion between the two genes. This finding is consistent
with previous studies, which have shown that mutations in
TET2 are more frequently associated with an inflammatory
cascade that promotes atherosclerosis progression [5,6].

Analysis of MAF distribution in international databases
(EXAC, PopFreq, 1000ALL) showed that the majority of
detected variants are ultra-rare (<0.1%), which emphasises
their potential clinical significance. Ultra-rare variants are known
to be more likely to have functional consequences and may be
involved in the pathogenesis of chronic diseases, including
cardiovascular diseases [2,3).

In addition, a comparison of variant distribution according
to CVD risk revealed no statistically significant differences
between groups, as classified by the InterVar classification
(pathogenic and VUS variants), as confirmed by Fisher's exact
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due to insufficient sample power or the influence of other
unaccounted factors.

The age of patients was also significantly associated with
the risk level: patients in the very-high-risk group were
considerably older than those in the low-risk group (p = 0.026,
according to Dunn's criterion), which confirms the known age
dependence of CHIP [1].

Thus, our results emphasise the need to consider CHIP
mutations in the context of risk assessment of atherosclerotic
disease. Our data are consistent with current ideas about the
role of inflammation and CHIP in the pathogenesis of CHD and
justify the prospect of further extended analysis of all 74 genes
associated with CHIP and cardiovascular disease.

Conclusions

The present study evaluated the frequency and molecular
characteristics of CHIP in patients with atherosclerosis by
analysing NGS data. Of 74 genes associated with CHIP and
cardiovascular disease, eight genes were selected for initial
analysis, of which TET2 and DNMT3A were studied in detail.
Analysis revealed that mutations in TET2 are more frequent
and characterised by higher VAF values compared with
DNMT3A, which may indicate differences in clonal expansion
and pathophysiological impact on atherogenesis. Most of the
identified variants were ultra-rare according to international
databases, emphasising their potential significance. Despite
the absence of significant differences between risk groups
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according to the InterVar classification, the presence of a
pathogenic variant even in the low-risk group requires attention.
The results confirm the relevance of further extended analysis
of all 74 genes to better assess the contribution of CHIP to
atherosclerosis progression and potential risk stratification in
patients.
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