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Relevance: Gastric cancer is a heterogeneous disease whose development is associated with both genetic and acquired somatic
mutations. Identifying optimal diagnostic markers for gastric cancer with high sensitivity and specificity can significantly improve
patient survival rates and contribute to the advancement of personalized medicine. By integrating clinical data and comprehensive
genomic analysis, the identification of biomarkers can dramatically enhance the accuracy of diagnosis, dis-ease progression prediction,
recurrence risk assessment, and treatment response. This work discusses promising biological markers that may be used to diagnose
gastric cancer early and predict the effec-tiveness of various treatment methods, potentially revolutionizing patient care.

The study aimed to analyze current scientific literature to identify new and recently developed bi-omarkers for diagnostic and
prognostic value concerning malignant stomach tumors.

Methods: In this review, we comprehensively searched electronic medical literature in the PubMed and Google Scholar databases.
The search utilized keywords: “biomarker,” “gastric cancer,” “early detection,” “diagnosis,” and “prognosis.” We included full-text
publications in English and Russian, which are available for open access. We focused on the role of biomarkers in early diagnosis
and prognosis of gastric cancer, published in the last ten years. We excluded case reports, correspond-ence, letters, and studies not
conducted on humans from the review, as these did not meet our criteria for inclusion.

Results: The analysis revealed an insufficient accuracy of existing biomarkers for gastric cancer di-agnosis and prognosis. Within
the modern approach to disease classification framework, a new mo-lecular type was proposed: tumors infected with the Epstein-Barr

virus, tumors with microsatellite instability, genomically stable tumors, and chromosomally unstable tumors.
Conclusion: Current research on gastric cancer focuses on identifying and validating new non-invasive biomarkers. Further studies
are necessary to enhance sensitivity and broaden the application of these biomarkers for early diagnosis and predicting treatment

efficacy.

Keywords: Biomarker, gastric cancer, early detection, diagnosis, prognosis.

Introduction: Despite advances in medicine, food
preservation techniques, and Helicobacter pylori treat-
ment, gastric cancer remains the fifth most common can-
cer and the fourth leading cause of cancer deaths world-
wide as of 2020 [1]. The prevalence of gastric cancer
shows significant geographic variations, with men be-
ing twice as likely to be affected as women. According to
recent data, the highest incidence rates are observed in
East Asia and Central and Eastern Europe, where 87% of
all new cases worldwide are concentrated. At the same
time, Africa and North America have a significantly lower
prevalence of gastric cancer [2].

One approach to reducing the burden of gastric cancer
is early diagnosis. Although upper gastrointestinal endos-
copy is recognized as the “gold standard” for screening,
early tumor detection requires methods with higher ac-
curacy, sensitivity, and specificity. Since many patients are
asymptomatic at the initial stages of the disease and there
are currently no effective screening methods for the early
detection of gastric cancer, the diagnosis is often made at

a late stage, which leads to a poor prognosis and low sur-
vival [3].

A more accessible and cost-effective method shall be
developed to implement a large-scale screening program
for gastric cancer in a healthy population.

In recent decades, serological tumor markers have tra-
ditionally been used to diagnose cancer in specific patient
groups, as well as to monitor cancer progression.

Oncological biomarkers, also known as tumor mark-
ers, are specific molecules whose presence indicates the
presence and development of malignant neoplasms.
These biomarkers play a crucial role in cancer diagnos-
tics, allowing physicians to detect the disease at an ear-
ly stage and in planning personalized therapy, which in-
creases the effectiveness of treatment [4]. In short, we
are talking about objectively measurable characteristics
used as indicators of normal body functioning, patholog-
ical processes, or response to therapy. Their use is steadi-
ly expanding due to genetic analysis and molecular ther-

apy progress.
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There are no biomarkers with sufficient accuracy and
specificity for diagnosing gastric cancer in clinical practice.
Such markers are relevant at all stages of the disease to op-
timize its course. This paper summarizes current achieve-
ments and approaches to developing gastric cancer bio-
markers that can potentially be used for early diagnosis,
accurate prediction of treatment effectiveness, and mo-
lecular classification of the tumor.

The study aimed to analyze current scientific litera-
ture to identify new and recently developed biomarkers
for diagnostic and prognostic value concerning malignant
stomach tumors.

Materials and Methods: In this review, we compre-
hensively searched electronic medical literature in the
PubMed and Google Scholar databases. The search
utilized keywords: “biomarker,” “gastric cancer,” “ear-
ly detection,” “diagnosis,” and “prognosis.” We includ-
ed full-text publications in English and Russian, which
are available for open access. We focused on the role
of biomarkers in early diagnosis and prognosis of gas-
tric cancer, published in the last ten years. We exclud-
ed case reports, correspondence, letters, and studies not
conducted on humans from the review, as these did not
meet our criteria for inclusion.

Results: Modern medicine increasingly relies on
non-invasive biomarkers to diagnose malignant neo-
plasms promptly and monitor their progression. In clini-
cal practice, tumor markers are commonly employed for
the early detection of gastric cancer. The most widely used
markers include carcinoembryonic antigen (CEA), carbo-
hydrate antigens such as CA19-9, CA72-4, CA125, CA24-2,
and CA50, along with pepsinogen and a-fetoprotein (AFP)
[5]. However, these serological biomarkers often exhibit
low specificity and sensitivity, and none serve as a specif-
ic or personalized marker for gastric cancer diagnosis [6].
This issue will be revisited later.

T. Li highlights the potential of ‘liquid biopsy’ as an
innovative diagnostic approach for gastric cancer. This
method involves detecting circulating tumor cells, tu-
mor DNA or RNA fragments, exosomes, and atypical
platelets in biological fluids like blood and urine, ena-
bling early disease detection [7]. Despite its promise,
the American Society of Clinical Oncology (ASCO), in a
recent review, concluded that current evidence is insuf-
ficient to establish its clinical relevance and efficacy for
gastric cancer diagnosis [8]. Similarly, guidelines from
the European Society for Medical Oncology (ESMO) and
the US National Comprehensive Cancer Network (NCCN)
recommend liquid biopsy only when tumor tissue sam-
pling is unfeasible or the available material is inade-
quate for analysis [9].

Advancements in high-throughput technologies have
significantly improved the understanding of the molecu-
lar mechanisms underlying gastric adenocarcinoma. This

progress has resulted in a molecular classification system
that distinguishes four subtypes based on distinct genom-
ic characteristics.

The Cancer Genome Atlas (TCGA) project has refined
this classification, stratifying gastric cancer based on ge-
netic and epigenetic alterations. This molecular stratifica-
tion enhances understanding of the disease progression
mechanisms and is a foundation for developing targeted
therapies [10].

- Epstein-Barr virus-infected tumors: These tumors
are characterized by the presence of a viral agent, the Ep-
stein-Barr virus, in the tumor cells, which may affect the
immune response and disease progression.

- Tumors with microsatellite instability (MSI): These
tumors show a high frequency of mutations in short repet-
itive DNA sequences called microsatellites. Microsatellite
instability is associated with certain cancers and may serve
as a marker for immunotherapy.

- Genomically stable (GS) tumors: This group in-
cludes tumors with no microsatellite instability (MSI) or
chromosomal instability (CIN). The diverse molecular char-
acteristics of these tumors make their classification par-
ticularly challenging.

— Chromosomally unstable (CIN) tumors are charac-
terized by instability in the number and structure of chro-
mosomes, resulting in aneuploidy and other genetic ab-
normalities. CIN may be associated with an aggressive
disease course and poor survival rates.

The Asian Cancer Research Group (ACRG) classifies gas-
tric cancer based on MSI (microsatellite instability) and
MSS (microsatellite stable) markers. Tumors exhibiting mi-
crosatellite mutations are categorized as MSI, while MSS
tumors are further divided into three subtypes:

* MSS/EMT: Tumours demonstrating epithelial-mesen-
chymal transition.

* MSS/TP53+: Tumours with an active TP53 gene mu-
tation.

* MSS/TP53-: Tumours with absence of TP53 gene ac-
tivity [11, 12].

This new classification has provided the foundation
for several clinical trials to identify effective therapeu-
tic strategies that combine immune checkpoint inhib-
itors with molecularly targeted therapies. Early results
from these studies are highly promising [13]. Neverthe-
less, early disease detection remains critical, underscor-
ing the importance of ongoing research to discover novel
biological markers or genetic signatures associated with
the pathology.

According to a systematic review by H.Shimada, al-
though some circulating tumor antigens have long been
used in routine clinical practice, their efficacy in the ear-
ly diagnosis of gastric cancer remains questionable due to
the high frequency of false-positive and false-negative re-
sults [14, 15]. CEA, CA19-9, and CA72-4 are widely used as
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standard markers in diagnostics, disease prognosis deter-
mination, treatment efficacy monitoring, and gastric can-
cer recurrence detection [16]. In cancer diagnostics, both
CEA and CA 19-9 levels can serve as valuable prognostic
markers to assess the extent of the tumor process and the
presence of distant metastases [17]. Despite particular pos-
sibilities, these methods do not have sufficient accuracy
and selectivity for screening programs for the early detec-
tion of gastric cancer [18].

According to T. Matsuoka and M. Yashiro, the CA72-4
indicator has greater sensitivity and accuracy than CEA.
However, the number of studies evaluating its effective-
ness in screening tests for gastric cancer is limited [4].

F. Feng et al. have found that tumor markers such as
AFP and CA125 have low sensitivity in the early diagnosis
of gastric cancer [19]. In addition, CA50 has limited diag-
nostic value [20].

In their search for ways to enhance the accuracy of
gastric cancer diagnosis through the combined analysis
of several serological tumor markers, S.Ning et al. demon-
strated that simultaneous detection of CEA, CA19-9, and
CA72-4 along with thymidine kinase 1 (TK1) —a biomark-
er of cell proliferation — markedly improves the sensitiv-
ity and specificity of gastric cancer detection compared
to the utilization of individual biomarkers [21].

A recent study by Li J. proposed a diagnostic model
for early detection of gastric cancer. The model is based
on the levels of CEA, CA72-4, and three inflammatory cy-
tokines: tumor necrosis factor (TNF)-a, interleukin (IL)-
6, and IL-8. In a validation study, the model demonstrat-
ed high performance in differentiating between healthy
subjects, individuals with atypical gastric mucosal hyper-
plasia, patients with early-stage GC, and patients with ad-
vanced-stage GC [22].

In a study of gastric cancer in 2015, M. Kanda and
Y. Kodera discovered an elevated expression of sever-
al genes, including xpg, interferon-induced transmem-
brane protein 1 (iftim1), matrix metalloproteinase-9
(mmp-9), pituitary tumor transforming gene-1 (pttgl),
and stcl1. These genes show potential as biomarkers for
early disease detection [23].

This review also emphasizes promising directions for
searching gastric cancer biomarkers based on different
molecular genetic characteristics (Table 1). These biomark-
ers have been classified depending on their roles in early
disease diagnosis, recurrence prediction, and chemother-
apy efficacy assessment.

Kazakhstani scientists have also studied DNA dou-
ble-strand breaks with repair activity, such as y-H2AX and
53BP1, as biomarkers in gastric cancer [46]. These markers
have clinical significance and can be used as diagnostic
tools in personalized medicine.

Gastric cancer biomarkers play an important role in
personalized treatment, allowing for a more accurate ther-

apy selection and prediction of outcomes. However, many
of them are in the clinical trial stage. In the future, biomark-
ers may be integrated into clinical practice, helping doc-
tors improve treatment outcomes and choose the most ef-
fective therapies while minimizing side effects.

Biomarker-based prognosis will help identify patients
at high risk of recurrence and tailor individualized thera-
peutic efficacy, which is of great importance in determin-
ing survival and quality of life for patients with gastric can-
cer. A study by D. Wu et al. found increased serum levels
of IFNGR1, TNFRSF19L, GHR, SLAMF8, FR-beta, and inte-
grin alpha 5 proteins in patients with gastric cancer. This
discovery indicates the prospect of using these proteins as
novel biomarkers for early detection and prediction of the
disease course of gastric cancer [47].

According to W. Hou et al., the level of CD44 protein
expression can serve as an independent prognostic mark-
er for gastric cancer. This protein correlates with immune
infiltration in tumor tissue and shows increased activity in
patients with this disease [48].

Prof X. Zhou et al. found that the presence of piR-
1245 in gastric juice could serve as a promising biologi-
cal marker for diagnosing and prognosis of gastric can-
cer [49].

A study by J. Ji et al. demonstrated increased expres-
sion of KK-LC-1 in gastric cancer patient tissues compared
to normal tissues. In addition, a correlation between
higher KK-LC-1 expression and more prolonged survival
of gastric cancer patients was established. These results
indicate the potential value of KK-LC-1 as a biomarker to
predict favorable outcomes in patients with gastric can-
cer [50].

CircERBB2 concentrations in preoperative plasma sam-
ples can be considered a non-invasive prognostic bio-
marker for gastric cancer. In addition, monitoring postop-
erative circERBB2 plasma concentrations may help detect
gastric cancer recurrence [51].

Recent studies in China have shown a strong correla-
tion between high levels of COMMD10 gene expression
and unfavorable prognosis for gastrointestinal cancer pa-
tients. The functional activity of COMMD10 is associat-
ed with the modification of N6-methylamino adenosine
(m6A) mRNA and plays a vital role in gastric cancer’s im-
mune tumor infiltration processes [52].

The study by W. Gu et al. found a correlation between
the level of ITGB1 gene expression and the activity of the
Whnt/B-catenin signaling pathway in gastric cancer. Data
analysis from TCGA-STAD/ACRG/GSE15459 cohorts showed
a positive association between ITGB1 expression and fac-
tors inhibiting the immune response and a negative asso-
ciation with factors activating the immune response. Thus,
ITGB1 affects the prognosis of patients with gastric can-
cer and plays a crucial role in suppressing the immune re-
sponse [53].
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Table 1 - Topical issues of molecular markers application in diagnostics, prognosis of the course, and response to therapy of

gastric cancer (adapted from the article [4])

Biological marker Change Clinical goal Detection method E‘%fgé
Genes associated with metastasis
Growth factors
HER?2 - Gene encoding a receptor associated Overexpression Diagnostic / prognostic | Tissue [24]
with cell growth.
FGFR — Fibroblast growth factor involved in cell [25]
proliferation and differentiation.
PI3K/Akt/mTOR (PIK3CA) - Gene encoding a [26]
subunit involved in a signal transduction pathway
that promotes cell growth.
MET - Gene encoding a receptor associated with [27]
growth and metastasis.
VEGF (VEGF-2) - Vasoendothelial growth factor [28]
involved in angiogenesis.
VEGF-D) - Vasoendothelial growth factor [29]
involved in angiogenesis.
Cell cycle regulation
TP53 - Gene encoding a protein involved in cell  |Mutation Diagnostic Tissue [30]
cycle control.
Adhesion molecule
E-cadherin (CDH1) - Adhesion molecule Mutation/epigenetic Diagnostic / prognostic | Tissue/Blood [31]
involved in intercellular communication. alteration
Immune checkpoint
PD-L1 - An immune checkpoint that regulates Mutation Prognostic / therapeutic | Tissue [32]
the immune response.
Epigenetic alterations
CDH1, CHFR, DAPK, GSTP1, p15, p16, RARB, | Hypermethylation Diagnostics Tissue [33]
RASSF1A, RUNX3, TFPI2 - Groups of gene
methylation changes associated with cancer.
Genetic polymorphism
IL1-B, IL-1RN, CD44 SNP Prognostic Tissue [34]
TP53, SYNE1, CSMD3, LRP1B, CDH1, Copy number variations/ Diagnostic/prognostic/ | Tissue [35]
PIK3CA, ARID1A, PKHD, KRAS, JAK2, CD274, | mutations therapeutic
PDCD1LG2 - Variations in DNA affecting
disease susceptibility.
Circulating tumor cells
CD44, N-cadherin, vimentin - Cells released into | Overexpression Diagnostic/therapeutic | Blood [36]
the blood from the tumor.
pan-CK, E-cadherin Reduced expression EMT process Blood [37]
EE2 - Estrogen, which can influence tumor Overexpression Therapeutic Blood [38]
growth.
Gastrin specific biomarker
ADAM23, GDNF, MINT25, MLF1, PRDMS5, Hypermethylation Diagnostic Gastric lavage [39]
RORA - Genes associated with gastric cancer.
BARHL2 - Genes associated with gastric cancer. | Hypermethylation Diagnostic/therapeutic | Gastric lavage/juice [40]
PVT1 Regulated Diagnostic / prognostic | Gastric juice [41]
miR-421, miR-21, miR-106a, miR-129 - Regulated Diagnostic Gastric juice [42]
MicroRNAs involved in gene regulation.
KagA Regulated Diagnostic Tissue [43]
VAK Regulated Diagnostic Tissue [44]
Gastrokin 1 - Protein associated with the Deactivation Prognostic Tissue [45]
regulation of digestive processes.

Discussion: The current review discusses the most
commonly used cancer markers, including CEA and CA,
such as CA19-9, CA72-4, CA125, CA24-2, CA50, pepsinogen,
and AFP. According to ASCO, ESMO, and NCCN guidelines,
liquid biopsy is acceptable only when tumor tissue sam-
pling is impossible, or the obtained sample is insufficient
for analysis.

It should be noted that modern scientific literature of-
fers a classification of gastric cancer based on the TCGA
project, which is based on the analysis of genetic and epi-
genetic alterations.

Although several researchers have confirmed the ef-
fectiveness of standard serological methods of oncomark-
er diagnosis in detecting and assessing the risk of gastric
cancer recurrence, the limited specificity and sensitivity of
these molecular markers do not allow their use for early di-
agnosis of the disease.

This review article presents promising research di-
rections for gastric cancer biomarkers based on dif-
ferent molecular genetic characteristics. A classifica-
tion of these biomarkers according to their function
in early diagnosis of the disease, prediction of recur-
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rence, and evaluation of chemotherapy efficacy is
performed.

Biomarkers of gastric cancer play an essential role in di-
agnostics, predicting the outcome of the disease, monitor-
ing its course, and developing more effective treatment
methods. Due to the often asymptomatic course of gas-
tric cancer in its early stages, its diagnostics are a signifi-
cant challenge. Biomarkers offer new opportunities to im-
prove the accuracy of diagnostics and timely detection of
this disease.

In the future, new molecular markers may significant-
ly change the approach to treating and monitoring gas-
tric cancer, providing more personalized treatment strat-
egies.

Conclusion: Gastric cancer remains one of the lead-
ing causes of mortality from malignant neoplasms world-
wide, primarily due to late diagnosis when therapeutic op-
tions are limited. Current biomarkers used for diagnosis
and prognosis exhibit inadequate sensitivity and specifici-
ty. Diagnosis often relies solely on invasive procedures like
upper gastrointestinal endoscopy. Consequently, ongoing
research in gastric cancer is directed toward identifying
and validating non-invasive biomarkers secreted by tumor
tissues into body fluids. However, many of these biomark-
ers are detected only in advanced stages of the disease,
rendering them unsuitable for early diagnosis. Further
studies are necessary to enhance sensitivity and broaden
the application of these biomarkers for early diagnosis and
predicting treatment efficacy.
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AHJIATIIA

ACKA3AH OBbIPBIHA TEPAIIEBTIK TOCUIAEPAI EPTE AHBIKTAY
MEH BOJI'KAYFA APHAJIFAH ' KAHA BUOMAPKEPJIEP:
9/JIEBUETKE IIOJY

M.A. Aimmazamoemosa', A.b. Tynsnesa', HM. Kepeesa', C.JK. Axmemosa', A.K. Kotimvioaes', I. JK. Eccynmanosa’

!«Mapat OcnaHoB aTbiHarsl baTbic KasakcTan MeauumHa yHusepeuteTi» KeAK, Aktebe, Kasakctan Pecnybrnkacs!

O3zexkminizi: Ackazan 00vipvl cemepozenoi aypy 60abln madbliadbl, OHbIY OAMYbL 2EHEMUKAIbIK HCOHE ACype Nanoa Oonrean cCOMAmuKaiblK
MYMAayuanapovly ocepimen 6alianbiCbl.

Ackaszan 00vbipbinaG apHaean dco2apul ce3iMmandvlebl MeH epexweniei 6ap oymaiiivl OUA2HOCMUKATLIK MapKepaepol 6oy nayuenmmepoiy
eMip cypy KepcemKiwimepin apmmblpy2a MyMKIHOIK Oepedi dcoHe depbec MeOUyUHAHbIY OAMYbIHA bIKNAL ememin 6onaovl. KnuHukanvy
OepexmepOi OIpIKMIpy sHcoHe 2eHOMObl KeuweHOl manoday Hezizinoe buomapkepaepoi colikecmenoipy OUaZHOCMUKAHBIY HAKMbLIbI2bIH, AYPYOblH
azblMblH OOANCAYOL, KAUMALAHY KAYRIH JCOHE MEePanusiaa peakyusibl aiumapivlKmail JeaKcapmysbl MymKin. Byn gcymvicma ackasan oouipbin
epme OUAZHOCMUKANAY JcoHe dpmypai emoey odicmepiniy muimoiniein 6012cay yulin nauoaianbliysl MyMKiH nepcnekmueansvlk, OuoI02UsLIbIK
mapkepiaep Kapacmoipolidobl.

3epmmeydiny maKcamol — acKa3anHuly Kamepii iCikmepine Kamvlcmvl OUASHOCMUKAIbIK HCOHE DONHCAMObIK KYHOBLIbI2bL 0ap JCAHA HCOHE
masyoa o3ipieHzen buomapkepaepoi AHblKMay MaKcamvlHOA KaA3ipei 3aMaH2bl 2blIbLMU 90ebuemre maioay sHypeisy.

Aoicmepi: Ocvi wonyoa PubMed owcone Google Scholar odepexxoprapvin naiioanama omwvipvin, MeOUyuHaivlx odebuemme
INEKMPOHObIK [30€y natidananvliovl. I30ecmipy «ouomapkepy, «ackasan o0vipvly, «epne aHLIKMAY», «OUAZHOCIUKAY, «D0dCAM» 0eceH
nezizei cozdep botivinuia ducypeizindi. [llonyea azvinwbin dcone opvic minindeei aublk KOIHCEMiMOL, acKa3an 00bipbl A2blMbll epme
JuazHocmukanay men 60ndcayoa buomaprepiepoiy poiin 3epmmey2e apHaI2aH MoiblK MOMIHOIL dcapusianvimoap eneizindi. Onap coyeael
OH JACLINOA ACAPUANAHObL. Adamoapoa dicypeizinmezen dceke OAKbIIAYIAP, XAM AIMACY, Xammap MeH 3epmmeyiep mypaivl ecenmep
WoLy2a eHei3iNMe2eH.

Homuoswcenepi: )Kypeizineen sepmmeynep 6apvicbinOa AcKasan 00bIpbl A2biMblH OUAZHOCIIUKANAY JHCOHe 06oaxcay ywin Koada oap
buomapxepnepoiy icemkinikciz 0ondiei bap exeni aHelKkmanovl. Aypyosl dcikmeyoiy Kazipei 3amanabl mocini uieybepinoe dHeaya MoAeKyIaIblK
myp ycwinvlaowl: dnmumein-Bapp (EBV) eupycoin sgcykmuipean icikmep, MUKpocyiie myparkcol3ovlesl bap icikmep (MSI), cenomowik mypaxmel
icikmep (GS) arcone xpomocomowix mypaxcwiz icikmep (CIN).

Kopuimuinovi: Ackasan o06wipoin 3epmmey dlcaya uHea3uemi emec Ouomaprepnepoi izoeyee odicone mexcepyee 0a2blmman2a.
Cezimmanovlkmsl apmmblpy H#coHe OuomapkepiepOi KOIOAHY CANACHIH KeHeumy Yulih epme OUAZHOCMUKANAY JHCoHe eMoey MUIMOLNIeiH
OondHCay MaAKCAmvlHOA KOCLIMULA 3epmmeynep Kalicen.

Tyitinoi co3oep: 6uomapkep, ackasam oobIpbl, epne anbIKMay, OUAZHOCIUKA, OOIXHCAM.

AHHOTAIUA

HOBBIE BUOMAPKEPBI U151 PAHHEI'O BBISABJIEHUSA U ITPOT'HO3UPOBAHUSA
TEPAIIEBTUYECKUX ITIOAXOA0B K PAKY KEJIYIKA:
OB30P JIMTEPATYPBI

M.A. Aimmazambemosa', A.b. Tyrsesa', HM. Kepeesa', C.JK. Axmemosa', A.K. Koiwvioaes', I'. K. Eccynmanosa’

'HAO «3anaaHo-KasaxcTaHckuii MeanuMHCKuiA yHuBepeuTeT uM. Mapata OcnaHosa, 1. Aktobe, Pecnybnuka Kasaxcra

Axmyansnocmo: Pax dicenyoka npeocmasisem coboll eemepozceHtoe 3a001e8anue, pas3gumiue KOmopo2o C8sA3aHO ¢ 8030eUCmueM KaK
2EHEeMUYeCKUX, MAK U NPUOOPEMeHHbIX COMAMUYECKUX MYyMAayuil.

Bvidenenue onmumanbHblX OUAZHOCMUYECKUX MAPKepO8 OJisl PAKA HCeAYOKA C BbICOKOU YYBCMEUMETbHOCHbIO U CReYUDUUHOCTbIO
N0360UM NOBBICUMb NOKA3AMENU BbIHCUBACMOCU NAYUEHMO8 U Oydem Cnoco6cmeosams pa3eumulo nepcoHaAIU3UPOBAHHOU MeOUYUHDL.
Hoenmudghuxayus 6uomaprepos na ocHoge unmeepayuu KAUHUYECKUX OAHHBIX U KOMNJIEKCHO2O AHANU3A 2EHOMA MOJICEM CYUeCmEeHHO
VAYUUWUMb MOYHOCMb OUAZHOCIUKU, NPOSHO3UPOBAHUS MeueHUsl 3a001e8aHUsl, PUCKA peyudusd U peakyuu Ha mepanuto. B dannoti pabome
PACCMAMPUBAIOMCS NePCNEKMUBHbLE OUOTI02UYECKUE MAPKEPbL, KOMOPble MO2YM OblNb UCHOLb3068AHbI OJIsl PAHHEl OUACHOCMUKU PAKA JHCELYOKd
U npeocKazanus 3hHexmusHoCmu pasiuiHbLx Memooos leyeHus..

Llens uccnedosanusn — npogecmu aHAIU3 COBPEMEHHOU HAVUHOU AUMEPAMYPbL C YeNbl0 GblAGNIeHUs HOBbIX U HeOABHO pa3padOmaHHbIX
ouomapxepos, 061a0arOWUxX OUASHOCMUYECKOU U NPOSHOCTNUYECKOU YEeHHOCIMbIO 8 OMHOWEHUU 37I0KA4eCMBEHHbIX HO8000PA306AHULL HCeTYOKd.

Memoowvr: B nacmosiuyem 0630pe Obll UCNONB308AH INEKMPOHHBLIL NOUCK 6 MEOUYUHCKOU Jumepamype ¢ UCnoIb308anuem 6a3 OaHHbIX
PubMedu Google Scholar. Ilouck ocyuecmensiics no KAoueblm CL08AM: «DUOMAPKEPY, KPAK HCELYOKA»,  PAHHEE BbIABIEHUE», (OUACHOCMUKAY,
«npocHo3y. B 0630p Obliu 6KIOYEHBI NOIHOMEKCMOGbLE NYOIUKAYUU HA AHSTULCKOM U PYCCKOM 33bIKAX, OOCMYNHble 8 OMKPbIMOM 00Cmyne,
NnocssieHHble UCCIe008AHUI0 PO BUOMAPKEPOS8 6 PaHHell OUAZHOCIUKE U NPOSHO3UPOSAHUY medeHUs paka dxcenyoka. OnyoaiukoeaHsl oHu
obLIU 30 nocedHue decsamy aem. Omyemvl 0 eOUHUYHBIX HAOTIOOCHUSAX, NEPENUCKA, NUCLMA U UCCIe008AHUS, He NPOBOOUBUIUECS HA TH005IX, 8
0030p He 6KNI0UANUCH.
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Pesynvmamui: Bxode nposedeHHbIX ucc1e008aHUT ObLIO 8bIABIEHO, YN0 CYYeCMEYIowue GUOMAPKePbl O OUASHOCIMUKU U NPOSHO3UPOBAHUS
meueHus paxka xHceayoka 001adawm HeOOCMAmoyHOU MOoYHOCmbio. B pamkax cospemennoco nooxooa Kk Kiaccugpuxkayuu 3a001e6anus
ObLL NPeONodCcen HOBbIU MOLEKVIAPHLIL MUNn: ONYXOau, uHpuyuposannvie eupycom dnwmenna-bappa, onyxonu ¢ HecmabuibHOCHbIO
MUKPOCHYMHUKOS, 2eHOMHO-CMAOUIbHbLE ONYXO0IU U XPOMOCOMHO-HECAOUIbHbIE ONYXOIUL.

3axnrouenue: Cospementoie UCCIEO08AHUSL PAKA JHCETYOKA HANPABIEHbL HA NOUCK U NPOBEPKY HOBLIX HEUHBAZUBHLIX OUOMAPKePO8. Jlis
NOGbIUECHUS YYECMEUMETbHOCIU U PACUUPEHUs 001ACmU NPUMEHEeHUs. OUOMAPKePOs8 6 Yelsx PaHHel OUACHOCIMUKU U NPOSHO3UPOBAHUS
aghpexmusHocmu reyeHus HeoOX0OUMbI OONOIHUMENbHbIE UCCTIE008AHUSL.

Knrouesvie crnosa: 6uomapkep, pax sxcenyoxa, panHee gulseieHue, OUAZHOCMUKA, NPOSHO3.
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