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ABSTRACT

Relevance: Hepatocellular carcinoma (HCC) is one of the most aggressive and deadly malignant tumors, characterized by
treatment complexity and high resistance to immunotherapy. Alpha-fetoprotein (AFP) is traditionally used as a diagnostic marker
for HCC. Recent studies reveal its key role in carcinogenesis and in forming a tolerogenic microenvironment that suppresses the
anti-tumor immune response. Despite numerous publications, contradictions remain in assessing AFP’s functions and prognostic value,
necessitating an analytical review.

This study aimed to summarize current data on AFP’s role in tumor immune evasion mechanisms and to evaluate its potential as a
target for novel immunotherapeutic approaches for HCC treatment.

Methods: A systematic search and analysis of publications on AFP and HCC were conducted in PubMed and Google Scholar,
and several specialized medical and scientific journals (including Cancer Research) from 2017 to 2025. Keywords included:
“alpha-fetoprotein”, “hepatocellular carcinoma”, “immunosuppression”, “tumor immune evasion”, “AFP immunomodulation”,
“immune response in HCC”. Selected articles met relevance and novelty criteria.

Results: The review revealed that AFP plays a central role in HCC progression through its immunosuppressive effects and activation
of tumor immune evasion mechanisms. Contradictions in prognostic data reflect the complexity and multilayered biological functions

of AFP.

Conclusion: AFP is not only a key diagnostic marker for HCC but also plays an active role in establishing immune tolerance. Its
ability to suppress antitumor immune response makes AFP a promising therapeutic target, especially in combined immunotherapeutic

approaches aiming to improve treatment efficacy.

Keywords: alpha-fetoprotein (AFP), hepatocellular carcinoma (HCC), immunosuppression, AFP-mediated immunomodulation,

immune response.

Introduction: Hepatocellular carcinoma (HCC) is one
of the most common and aggressive malignant liver tum-
ors, most often developing in the context of cirrhosis and
chronic viral hepatitis. HCC is characterized by high mor-
tality, late diagnosis, and limited treatment options, mak-
ing this pathology one of the most significant medical and
social problems.

According to the World Health Organization, as of 2020,
HCC ranked seventh in prevalence and third in mortali-
ty among oncological diseases worldwide [1]. According
to official data from the oncology service of the Repub-
lic of Kazakhstan for 2023 [2], mortality from liver malig-
nancies accounted for 4.2% of overall oncological mortal-
ity, resulting in a shift in this pathology from 10th to 9th
place. At the same time, significant regional variability is
noted, with the highest mortality rate recorded in the East
Kazakhstan region (7.0 per 100,000) and the lowest in the
Zhetysu region (1.3 per 100,000). Figure 1 presents data on
mortality from malignant neoplasms of the liver per 100

thousand of the population in the regions of the Republic
of Kazakhstan for 2023. The data were compiled based on
official statistics from the oncology service of the Repub-
lic of Kazakhstan for 2023. These data indicate significant
differences in access to healthcare, the timeliness of diag-
nosis, and the prevalence of risk factors that warrant fur-
ther investigation.

Despite numerous studies on HCC diagnostics and
treatment, the effectiveness of existing approaches re-
mains limited. Particular attention is paid to the search
for molecular markers that can serve dual roles, both as
diagnostic tools and as therapeutic targets. One of these
factors is alpha-fetoprotein (AFP). Traditionally, AFP is
used to diagnose and monitor HCC; however, accumu-
lating data indicate that it not only reflects tumor pro-
gression but also actively participates in pathogenesis,
including the suppression of antigen-presenting cells, in-
hibition of cytotoxic T lymphocytes, and stimulation of
signaling pathways that promote tumor growth [3]. Al-
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though the number of studies examining the role of AFP
in immunomodulation in HCC is constantly increasing,
the existing data remain controversial. While some stud-
ies emphasize the importance of AFP in creating an im-
munosuppressive microenvironment, others indicate
that AFP has only a limited effect on tumor progression.

This underscores the need for a systematic, critical review
of the literature.

This study aimed to summarize current data on AFP’s
role in tumor immune evasion mechanisms and to evalu-
ate its potential as a target for novel immunotherapeutic
approaches for HCC treatment.
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Figure 1 — Mortality from malignant neoplasms of the liver in Kazakhstan, 2023 [2]

Materials and Methods: Scientific papers from the
Medline (PubMed) and Google Scholar databases were
analyzed to identify available literature on the study
topic. The following terms were used in the search:
“alpha-fetoprotein” and/or “hepatocellular carcino-
ma” and/or “immunosuppression” and/or “tumor im-
mune evasion” and/or “AFP immunomodulation” and/
or “immune response in HCC". As a result, approxi-
mately 148 potentially relevant sources (articles and
reviews) were identified. After removing duplicates
and assessing the content, the most significant and
informative works (including reviews and descriptions
of original research) were selected. Selection criteria:
novelty, completeness of the presented data, and the
presence of unique information (works of low quality
or those duplicating data from previously published
studies were excluded). The final analysis comprised
50 sources, including those that provided detailed
data on the mechanisms of the immune response, an-
giogenesis, and AFP-mediated signaling pathways, as
well as two sources that contained statistical data on
the disease prevalence in Kazakhstan. The search cov-

ered studies published up to and including April 2025
(Figure 2).

Results:

1. Alpha-fetoprotein (AFP)

AFP is a glycoprotein belonging to the albuminoid
protein family, playing a key role in embryonic develop-
ment [5]. Its structure includes three domains, each in-
volved in the regulation of various signaling pathways
[6]. Of particular significance is the interaction between
domain lll and PTEN, which activates the PI3K/AKT signal-
ing cascade, thereby promoting the growth and progres-
sion of hepatocellular carcinoma (HCC). Normally, AFP
levels drop sharply after birth; however, they rise again
during malignant liver processes, especially in HCC [7]. To
provide a broader understanding, the domain structure
and functional characteristics of AFP are summarized in
Table 1.

AFP is synthesized in the fetal liver and yolk sac,
reaching peak levels between the 12th and 16th week of
gestation [8]. In adults, its concentration is minimal. An
increase in AFP levels is observed in both malignant con-
ditions (primarily HCC and germ cell tumors) and several
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benign conditions (pregnancy, chronic hepatitis, cirrho-
sis). In clinical practice, AFP is a key marker for early HCC
diagnosis, evaluation of treatment efficacy, and monitor-

ing for recurrence [9]. Table 2 describes the conditions as-
sociated with elevated AFP levels and their clinical signif-

icance.

g Records identified from: Records removed before screening:
= Databases (n=148) Duplicate records removed (n=52)
o Registers (n=12) \5 Recoords marked as ineligible
5 by automation tools (n=23)
= Records removed for other reasons (n=23)
T
A 4
| Records screened (n=101) |—>| Records excluded (n=24) |

o !
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¥ Studies included Reports excluded
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Figure 2 — PRISMA research source selection scheme [4]

Table 1 - Domain Structure and Functions of AFP

Domain Characteristics Primary Functions
| (N-terminal) 1-210 a.a.r. Interaction with PTEN
Il (central) 211-402 a.a.r. Flexibility, protease-mediated cleavage
11l (C-terminal) 403-609 a.a.r. Stability, activation of PI3SK/AKT

Note: a.a.r. — amino acid residues

Table 2 - Conditions Associated with Elevated AFP Levels and Their Diagnostic Significance

Condition / Disease AFP Level (ng/mL)

Clinical Significance Source

Normal in adults <10 Physiological level Kachanov D.Yu. et al. [10]
Pregnancy (2nd trimester) 100 - 500 (may be higher) Physiological elevation Zakharov V.V. et al. [11]
Chronic hepatitis/cirrhosis 10 - 200 Moderate elevation requires | g, ycka-Ciemny J. et al. [12]

differential diagnostics

Hepatocellular carcinoma > 400 (often > 1000)

Most specific, used for

diagnostics and prognosis Kong F. etal. [13]

Germ cell tumors (testes,

ovaries) 100 - 10,000 Diagnostics, therapy monitoring Sharma A. et al. [14]
Hepatoblastoma (in children) > 1000 Highly diagnostic marker Sharma A. et al. [14]
Metastatic liver tumors 50 - 500 Additional marker, less specific Sharma A. et al. [14]

2. Mechanisms of Immune Response Suppression by
Hepatocellular Carcinoma Cells.

HCC tumor cells utilize various mechanisms to evade
the immune response [15]. The primary mechanisms in-
clude reduced expression of major histocompatibility
complex class | (MHC-I) molecules, disruption of antigen
presentation, and activation of non-classical immunosup-
pressive molecules [16]. Key signaling pathways involved
in immune evasion in HCC are presented in Table 3 and
Figure 3.

The Role of AFP in Liver Cancer Development.

Over the past decades, it has been demonstrated that
AFP is not only a diagnostic marker but also actively par-
ticipates in the progression of liver cancer. Elevated AFP
levels (>400 ng/mL) are often associated with aggressive
disease course and poorer prognosis. At the same time,
changes in AFP levels during treatment allow for monitor-
ing therapy effectiveness: a decrease in levels is associated
with a positive response, while a renewed increase may in-
dicate relapse even in the absence of signs on CT or MRI.
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It is important to note that AFP affects not only progno-
sis but also the tumor’s immune microenvironment. It sup-
presses the activity of key immune cells, including mac-
rophages, dendritic cells, NK cells, and T lymphocytes. As a

result, a so-called “immunosuppressive niche” forms, help-
ing the tumor evade immune surveillance [29]. The effects
of AFP on the immune microenvironment of HCC are sum-

marized in Table 4.

Table 3 - Main Mechanisms of Impaired Antigen Presentation in HCC

Consequences for Immune

Mechanism Prevalence Response Source
(DHefXﬁS?fﬁL"AHBC]_'fﬁFCe)SSiO” ~78% of cases Reduced recognition by CD8" T Kamilova T.A. et al. [17]

Hypermethylation of HLA
promoters

Frequent

Suppression of MHC-I gene
transcription

Liu H. et al. [18]

miRNA regulation (miR-148a,
miR-152)

Reported in clinical samples

Inhibition of HLA translation

Bird T.G. et al. [19]

TAP1/TAP2 mutations

30-40%

Disruption of antigen transport to

Bird T.G. et al. [19]

HLA-G

the ER
B2M mutations 25-30% Instability of MHC-1 on the Galle PR. et al. [20]
Decreased PSMB8/PSMB9 . . .
(proteasome subunits) - Defective antigen processing Yang Z. et al. [21]
Increased expression of HLA-E, Frequent Suppression of NKand T cells | Zhu M. et al. [22], Hong G.Q. et
al. [23]

via inhibitory receptors

Diagram: Mechanisms of Immune
Evasion in Hepatocellular Carcinoma
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Figure 3 — Mechanisms of Immune Evasion in HCC [24-28]

Table 4 - Mechanisms of AFP Action on Target Cells

Target Cell

Mechanism of Action

Immune Consequences

Source

Macrophages

Stimulates transition to M2
phenotype via PI3K/Akt pathway

Suppression of antitumor response,

support of tumor growth

Wu S. et al. [30]

Dendritic cells

Induces apoptosis, reduces
CD80/CD86 expression

Impaired antigen presentation and

T-lymphocyte activation

Palucka K. & Banchereau

NK cells

Indirectly decreases activity via
reduced IL-12

Reduced cytotoxic activity

Zhou Y. et al. [32]

CD8* T-lymphocytes

Inhibits the IL-2R signaling

Loss of proliferation and cytotoxicity

Shang N. et al. [33]

pathway
R Reduces IL-2 and IFN-y Weakened coordination of the
CD4* T-lymphocytes production immune response Isyangulova A.Z. [34]

Regulatory T-cells

Stimulates differentiation via
TGF-B/Smad3

Formation of a tolerogenic
environment

Tian L.Y. et al. [35]

Myeloid-derived suppressor

Enhances immunosuppressive

Suppression of NK and T-cell

Mishra R. et al. [36]

cells (MDSCs) activity responses
Activation of NF-kB — tPD-L1 I - -
Tumor cells expression Inhibition of T-cell activity Ebrahimi N. et al. [37]
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In addition to its impact on immunity, AFP contributes
to the maintenance of liver cancer stem cells (LCSC) [38].
These cells possess self-renewal capability and are asso-
ciated with recurrence and drug resistance. Studies have
shown that AFP stimulates the expression of LCSC mark-
ers (CD44, CD133, EpCAM) and activates the PI3K/Akt sign-
aling pathway, thereby enhancing tumor malignancy [39].

Table 5 - Potential Therapeutic Strategies Targeting AFP

AFP is considered a potential therapeutic target giv-
en its active role in the development of immunosuppres-
sion in HCC. The main research directions can be divid-
ed into several categories. Thus, AFP has become a target
for the development of new treatment strategies given its
key role in HCC progression and immunosuppression. The
main approaches are presented in Table 5.

Approach Examples

Results

Limitations Source

Restoration of antigen

presentation IFN-y, decitabine

Increased HLA-I
expression, enhanced
tumor recognition

Preclinical stage only Son C.H. et al. [40]

CAR-T cells against AFP AFP-specific CAR-T

High efficacy in murine
models

Risk of off-target
toxicity, intratumoral
immunosuppression

Yershov A.V. et al. [41],
Gavrilina O.A. et al. [42]

Dendritic vaccines DCs loaded with AFP

Phase I/1l: safety
confirmed, 20% objective | AFP requires combination
response rate

The low immunogenicity of Chekhonin LV. et al. [43],

with other antigens Shardina K.Yu. et al. [44]

Signaling pathway

inhibitors Alpelisib (PI3Ka)

Tumor growth reduction in
HepG2/Huh7 models

Preclinical data only;
combination strategies
need optimization

Semiglazov V.F. et al. [45]

Combination approaches | TACE + immunotherapy

Enhancement of local
immune response

Limited clinical data Phillips C. [46]

Discussion: Hepatocellular carcinoma (HCC) remains
one of the most challenging oncological diseases due
to its high mortality rate and the limited effectiveness
of current therapeutic approaches [47]. The presented
data confirm the key role of AFP not only as a diagnos-
tic marker but also as an active participant in the patho-
genesis of HCC. AFP creates an immunosuppressive mi-
croenvironment by modulating macrophages, dendritic
cells, NK cells, and T lymphocytes. Such remodeling of
the immune niche reduces the effectiveness of the anti-
tumor immune response and promotes tumor progres-
sion. An important aspect is the influence of AFP on the
population of liver cancer stem cells (LCSC), which are
associated with recurrence and drug resistance. Thus,
AFP plays a dual role: on the one hand, it suppresses im-
mune surveillance; on the other, it supports LCSC and
enhances tumor aggressiveness. Despite the accumu-
lated data, certain contradictions remain: in some pa-
tients with low AFP levels, the disease still shows ag-
gressive progression, and the mechanisms of AFP’s
influence on immune cells have not been fully con-
firmed in clinical studies. This highlights the need for
further research to clarify the prognostic value of AFP
and its therapeutic potential. From a therapeutic per-
spective, the most promising strategies are combined
approaches, in which AFP is not considered a sole tar-
get but as part of a multi-antigen strategy. Current di-
rections include AFP-targeted CAR-T cells, dendritic cell
vaccines, and PI3K/Akt pathway inhibitors [48]. Howev-
er, most of these methods remain limited to preclini-
cal models or early-phase clinical trials, and their tran-
sition to widespread clinical use is hindered by the risks
of off-target toxicity and the immunosuppressive tumor
microenvironment. Overall, a promising direction ap-

pears to be integrating targeted and immunotherapeu-
tic approaches with local methods (e.g., TACE), as well as
monitoring AFP dynamics as a biomarker of therapeutic
effectiveness.

Study Limitations: Given the retrospective design and
lack of clinical outcomes data, several limitations should
be considered when interpreting the results. Firstly, re-
lapse-free survival and overall survival were not analyz-
ed in this study, which prevents establishing a direct link
between AFP, immunological changes, and actual clini-
cal outcomes. Additionally, the effects of comorbidities
and ongoing therapies (targeted and antiviral) were not
accounted for, even though they may influence AFP lev-
els and immune response parameters. Liver regenera-
tion after surgical intervention can also affect AFP dynam-
ics. Moreover, the limited sample size and heterogeneity
in HCC stage, cirrhosis status, and viral load may reduce
the analytical power and complicate the interpretation of
these results.

To date, AFP retains its important clinical role as a di-
agnostic marker; however, it is not limited to that role
alone. For example, AFP levels have prognostic signifi-
cance, as elevated AFP is associated with more aggressive
disease progression in most cases. Changes in AFP levels
during treatment serve as a surrogate response indicator:
a post-treatment decrease typically correlates with clini-
cal response, whereas a renewed increase signals relapse.
Current preclinical and clinical studies also suggest that
AFP may act as an active immunomodulator within the
tumor microenvironment, as evidenced by its effects on
dendritic cell maturation and function, suppression of NK
and CD8* T-lymphocyte activity, stimulation of regulatory
T-cell differentiation, and enhancement of immune check-
point molecule expression.
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The conducted literature review is not limited to
listing known associations between AFP and molecular
phenomena in HCC. In the present study, existing data
were synthesized into a single, functionally oriented
model, in which AFP is considered an active immuno-
modulator that establishes a tolerogenic microenvi-
ronment and facilitates tumor immune evasion. Based
on the comparison of preclinical and clinical studies,
specific mechanisms were identified — such as its ef-
fects on dendritic cells, NK and T lymphocytes, stimu-
lation of regulatory T lymphocytes (Tregs), activation
of PI3K/AKT and NF-kB - mediated pathways, associat-
ed upregulation of PD-L1 expression, and the role of
AFP in supporting the LCSC population - all present-
ed not as isolated findings, but as an interconnected
pathophysiological network contributing to HCC pro-
gression. This integrated data indicates that AFP is not
just a marker of tumor burden but also a biological-
ly active factor that alters the composition of immune
cell populations and reduces the clinical efficacy of im-
munotherapies.

Conclusion: AFP plays a central role in the develop-
ment and progression of HCC. Its ability to suppress an-
tigen presentation, modulate immune cell activity, and
maintain the stem-like properties of liver cancer stem
cells (LCSC) makes AFP not only a biomarker but also an
important therapeutic target [49]. Current research high-
lights the potential of approaches involving CAR-T cells,
dendritic cell vaccines, and inhibition of the PI3K/Akt and
NF-kB signaling pathways [50]. However, their clinical ef-
ficacy remains limited, underscoring the need for further
preclinical and clinical studies. AFP continues to serve as
an indicator for diagnostics, prognosis, and monitoring of
treatment effectiveness. In the future, a comprehensive
approach — combining immunotherapy, targeted agents,
and local treatment methods with consideration of AFP
dynamics - may become the foundation for personalized
HCC therapy strategies.
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AHJATIIA

I'EITATOHNEJIJIIOJIAPIBI KAPHUHOMA KE3IHJAE AJIb®A-PETOITPOTEMHHIH
ICIKKE KAPCbI UMMYHJBIK KAYAIITBI BACY/JIAFbBI POJII:
9JEBUETKE IOJY

H.M. Hypzanuesa'?, C.A. Kan'3, A.M. Torenouesa', H.A. Onapéaesa*, E.O. Ocmanuyx’*5

1«M.A. ARTXOXIH aTbIHAAFbI MOSIEKYNAPABIK 610NI0TIA aHe Groxumma MHCTUTYTbi» LK PMK, Anmatbl, Kazakcran Pecny6nmkacsl;
Z¥nTTbIK GrioTexHonorua optanbiFbl» KLLIC Anmartbl KanacbiHaarsl duanansl, Anmatbl, Kasakctan Pecny6ankacol;
3«In-Oapabu abingarbl Kazak yatTolk yHusepcutetin KEAK, Anmatbl, Kasakcraw Pecny6nukacl;
4«Ka3ak OHKONOTNA XaHe PaaNonorua FoinbIMin-3epTTey UHCTUTYTbI» AK, Anmarbl, KasakcraH Pecny6nmkace;
5«3K0 Koncantunr» XLLUC, Anmatbi, Kasakcran Pecny6amkacol.

Oszexminizi: 'enamoyenionapnvix kapyurnoma (I'LIK) — emOeyoe Kypoeni dcone ummyHomepanused xHco2apbl mesiMmoinicimen
epeKueneHemin ey azpeccusmi api enimee okelemin Kamepii icikmepoin 6ipi. Anvgha-gpemonpomeun (ADII) ooemme 'K ouaenozvinoa
Mmapkep peminde Konoanwviaaovl. Conebl 3epmmeyiep OHbIH KAHYepo2eHe30e JHCoHe KAPChl ICIKKe UMMYHOBIK dHCayanml Oacamvit me3imoi
Mukpobetimapan opmansl KaiblNmMacmulpyoa Manbi30bl poi amgapamuviusii kopcemmi. Konmezen scapusaniansimoapea Kapamacman,
ADIT pynxyusanapor men 00IHCAMObIK, MOHIH 0aA2anayoa KaublibIKmap cakmanaobvl, Oyl aHATUMUKAILIK WOLY Kadcemmieit
MYbIHOAMAObL.

3epmmey marcamot — ADII-noiy icik UMMYHOBIK dHcayanman Kauty mexanusminoeei ponin scunagman, I'L{K-nol emoeyze apnanean
AHCAHA UMMYHOMEPANUANBIK MOCinoepoi ozipaeyoe APII-nviy oneyemin 6azanay.

AQoicmepi: PubMed owcone Google Scholar monimemmep 0Oazanapvinoa, coHOau-ax nPoQGuUIbLOI MeOUYUHATBIK IHCOHE
2ulIbiMU dcypHandapoa (onwiy iwinoe Cancer Research) 2017-2025 oswcvinoap apanvievinoa ADII swcone I'LIK makwvipvibvinoazs
AHCAPUSALAHBIMOAP JiCylieni mypoe i30e1in, mandanovl. [30ey Kiim co30epi: «anbha-ghemonpomeuny, «2enamoyentosApablK KAPYUHOMAy,
CUMMYHOCYNPECCUsy, «iCiK UMMYHOBIK scayanman Kauyy, «APIl ummynowvik modyaayuscey, «I' LK ummynowvix scayabory. Taydanrzan
MAKANANap 63eKMiniK nen dHayaiblk maianmapoind cai 6010bl.
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Homuocenepi: [llony 6apvicvinoa ADIT ummynocynpeccusmi ocepaepi scone icikmiyy uMMyHObIK 6aKblAAYOaH KAuLy Mexanu3zmoepin
bencendipin, I'l[K npoepeccuscvinoa opmanvik pon amapamsiHbl anblKmanovl. bonscamovix monimemmepoeei Katiwwiavikmap ADI-
HbIH KONKBIPIIbL OUON02UANBIK KbIZMEMIHIK Kypoeninieii kepcemeoi.

Kopvimuinowvi: ADII mex I'L[K-Hvty Manbl3061 OUa2HOCMUKANBIK MAPKEPL 2AHA eMeC, COHBLMEH KAmap UMMYHObIK MO3IMOLNIKMIY
Kanvinmacywvinoa dencendi Kamoicyuvl. Onvly Kapcewl icik uMMYHOBIK Jcayanmapbin dacy kabinemi emoey muimoiniein apmmuipyed
apHanean KeweHoi UMMYHOMepanusivlK mociioepoe nepCneKmueasvl mepanesmix Maxcam 60nvin maodwviiaobl.

Tyuinoi cezoep: nvgha-ghemonpomeun (ADII), eenamoyenonapvix kapyunoma (I'LIK), ummynocynpeccus, APII-baxviianamolin
UMMYHOBIK MOOYIAYUS, UMMYHOBIK HCAYanN.

AHHOTALUA

POJIb AJIb®A-OETOIIPOTEUHA B IIOJABJIEHUH ITPOTUBOOITYXOJIEBOT'O
NMMYHHOI'O OTBETA IIPU T'EITATOLEJVINOJIAPHOU KAPIHUHOME:
OB30P JIUTEPATYPbI

H.M. Hypzanuesa?, C.A. Kan'3, A.M. Tonenouesa', H.A. Omapéaesa’, E.O. Ocmanuyk'>*

IPTT Ha NMXB «MHCTUTYT MonekynapHoit Guonoriu u uoxumun um. M.A. AiiTxoxiHa», Anmatbl, Pecnybnnka Kasaxcras;
2HAQ «Ka3axckmii HauMOHaNbHbIA YHUBEPCUTET M. anb-Dapabu», Anmarbl, Pecny6inka Kasaxcran;
3Ounuan TOO «HawmoHanbHblii LeHTp GuoTexHoNOTMM» B T. ANMatbl, AnMaTbl, Pecny6nuka Kasaxcran;
4A0 «Ka3axckuit HayyHO-1ICCEN0BATENbCKII MHCTUTYT OHKONOTM 1 paguosoriny, Anmarbl, Pecny6imnka Kazaxcran;
5T00 «3KO KoHcantuur», Anmarbl, Pecny6nuka Kasaxcrau

Axmyansnocmyu: [enamoyennonsapras xapyurwoma (I'LIK) — 00un u3 camvix acpeccusHviX u CMepmenbHO ONACHBIX MUNO8
3/10KAYECMBEHHbIX HOB000PA308aHUL, KOMOPLIL XAPAKMEPUSYEMCs CIOHCHOCIBIO 6 JIeYeHUU U BbICOKOU YCMOUUUBOCTBIO K
ummynomepanuu. Anvgpa-pemonpomeun (APIl) mpaduyuonno ucnonvyemcs 6 kauecmege mapkepa 0ns ouacrHocmuku 1I[K.
Kpome amozco nocneonue uccied08anus nOKa3vl8aom, Ymo OH makdice uepaem 6adCHyI polb 8 KaHyepozeHe3e U 6 (hopMuposanuu
MONIEPOLEHHO20 MUKPOOKPYHCEHUA, NOOABAAIOWE20 NPOMUBOONYXO0e8blll UMMYHHbIL omeem. Hecmomps na 3nauumenvHoe 4ucio
nybaukayuil, 0CMmalomcs npomueopeyus 8 oyenke Gyukyuil u npoenocmudeckou yennocmu ADI, umo odycrnosrusaem neobxooumocms
npogedeHUs AHATUMUYECK020 0030pa.

Llens uccneoosanus — 0606wums cospementuvlie 0annvie o poau APl 6 mexanusmax yKJIOHeHUs ONYXOaU OM UMMYHHO20 Omeema
u oyernums nomenyuan APl kak muwienu 01 pazpabomku HOBbIX UMMYHOMEPANEGMUYECKUX N00X0008 neuernus I'I[K.

Memoowi: [Ipogeden cucmemamuyeckutl NOUCK U anaiu3 nyoauxayuii no meme o-gpemonpomeuna u I'l[K 6 6azax oannvix PubMed
u Google Scholar, a maxoce 6 pade npo@uibHbIX MEOUYUHCKUX U HAYUHBIX HCYPHAL08 (6 mom uucie Cancer Research) 3a nepuoo
¢ 2017 no 2025 200. /[ns noucka ucnonvb306anucs Kilouegvle Clo8d: «alb(a-(hemonpomeuny, «2enamoyeinosapHas KapyuHomay,
CUMMYHOCYNPECCUs», KUMMYHHOE YKIOHEHUEe ONYXOauy, «ummynomooynsayus ADIDy, «ummynnvii omseem npu I'LIK». Omobpannvie
cmamuit COOMEemcmeo8alu KpUmepuam peresanmHuoCimi U HO8U3HbL.

Pezynomamur: O630p noxazan, umo ADII uepaem yenmpanvuyro pons 6 npoepeccuposanuu I'LIK 3a cuém ummynocynpeccusHulx
aghpexmos u akmugayuy MexanusMo8 YKIOHEeHUs ONYXOaU Om UMMYHHO20 Had3opa. Kpome mozo, 8vlasieHbl npomusopeyuss 6 OAHHbIX
0 €20 NPOZHOCMUYECKOM 3HAYEeHUU, YN0 OMPAXHCAem CIOHCHOCHb U MHO20YPOBHE80Cb buonocuieckux @yuxyuii APII.

3akniouenue: ADIl sersemcs He MOAbKO KIIOUe8bIM OuacHocmuueckum mapkepom LK, Ho u axmueHblM yuacmuukom
opmuposanusi ummyHnrol moaepanmuocmu. E2o cnocobnocms nooasnsims npomueoonyxonesuiii UMMYHHbIN omeem Oenaem ADIT
NepCcneKmusHol mepanesmuieckoll. MutleHvio, 0COOeHHO 6 KOHMmeKCcme KOMOUHUPOBAHHBIX UMMYHOMEPANnesmuyeckux nooxooos,
HANpasneHslx Ha NosbluleHUe IPPeKkmusHocmu 1euenus.

Kniwoueevie cnosa: anvgpa-pemonpomeun (ADII), cenamoyennonapuas kapyurwoma (LK), ummynocynpeccus, APII-
0NOCPeOO0BAHHASL UMMYHOMOOYIAYUA, UMMYHHBILI OMEen.
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