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Abstract

This review focuses on the role of probiotics as alternative prevention and treatment of cancer. In this regard,
we discuss the alternative cancer biotherapeutic drugs including live or dead probiotics and their metabolites,
such as short chain fatty acids, inhibitory compounds of protein, polysaccharide, nucleic acid and ferrichrome
in vitro, in vivo and clinical studies. We also summarize the available data on the relationship between the
development of cervical, breast and colorectal cancers, and microbiome, as well as data about the potential of
probiotics as an alternative approach to cancer prevention and treatment. Material and Methods. A literature
search was conducted using the Pubmed and eLibrary databases. Of 140 publications, the review included
57 studies. Results. The microbiome plays a crucial role in maintaining cellular and genetic stability within
the body. It acts as a defense mechanism against infectious agents and various pathological processes in-
cluding, cancers. The microbiome employs several strategies to neutralize carcinogenic agents. Preliminary
clinical trials have yielded promising results, suggesting that probiotics may contribute to cancer prevention
and enhance both the safety and efficacy of cancer treatment. However, further research is needed to con-
firm this suggestion. Current anticancer drugs often have significant drawbacks, including negative impact
on patients’ quality of life, development of drug resistance, and high cost. Conclusion. The effectiveness of
probiotic therapies appears to be influenced by several factors, such as the specific bacterial or fungal strain
used, the dosage administered, and the duration of treatment. The review emphasizes the need for further
rigorous clinical trials to validate the significant role of probiotics in cancer prevention and treatment. While
existing research indicates promising results from probiotic treatments primarily in controlled settings, more
extensive studies are required to assess both short-and long-term effects and establish standardized meth-
odologies. This will help minimize potential side effects and find the way for the safe and effective application
of probiotics as a medical intervention.

Key words: microbiome, probiotics, breast and colon cancer, gynecological cancers, cancer prevention
and treatment.
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AHHOTauus

BeeaeHune. O630p hokycrpyeTca Ha ponu NPOBUOTUKOB B KaYeCTBE anbTepHaTMBHLIX areHTOB Ans npo-
rnakTukM 1 neveHns paka. B cBAsn ¢ aTum B HacTosiLwem o63ope Mbl 06Cyxaaem ansTepHaTvBHblEe G10-
TepaneBTMYeCcK/Me npenapatbl A NeYeHns paka, KoTopble NPUMEHSIOTCA B NabopaTopHbIX YCNOBUSX, in
VIVO 1 KINMHUYECKNX MCCrefoBaHnsX. OTU npenapatbl BKIAYAT XWBbIE UM MepTBble NPOBUOTUKN U 1X
MeTabonuTbl, B 4aCTHOCTM, KOPOTKOLIENOYEYHbIE XMPHbIE KUCMOTLI, MHIMbupyowmne coefuHeHus 6enka,
nonucaxapuabl, HyKrnenHoBble KMCNOThl U deppuxpom. B ob3ope npeactasneHsbl MMeLWmMecs faHHbIe O
B3aVMOCBS3 MUKPOOMOMaA C pasBUTMEM paka LUENKMN MaTKu, paka MOIOYHON Xemnesbl U KONOPeKTanbHOro
paka, a Takke AaHHble O NPUMEHEHUM NPOBMOTMKOB ANs NPOMUNAKTUKN 1 NedeHns paka. Matepuan n me-
ToAabl. Hamu 6bin NpoBeaAeH aHanvM3 COBPEMEHHOW NMTepaTypbl C MCnonb3oBaHneM 6a3 AaHHbIX Pubmed 1
eLibrary. 3 140 ctaTern Ha aTy Temy B 0630p GbInn Bkto4eHO 57. Pe3ynbTaTthbl. [TokasaHo, 4To MUKpOGuom
UrpaeT BaXKHyI0 posb B NOAAEPXKAHWUMN KNETOYHON N FeHETUYECKON CTabunbHOCTN B opraHuame. Mukpobriom
[enCTBYET KaK 3aLUUTHbIN 6apbep OT MHEKLMOHHbLIX areHTOB 1 MPWU PasBUTUKN Pas3nnUYHbIX NATONOrMYeCcKnX
npoLieccos, Bktoyas pak. MMKpobrmom ncnonb3yeT HECKONBbKO CTpaTernin Ans HenTpanusawumm KaHLeporeHHbIX
BelllecTB. [1pegBapuTenbHbIE KIMMHUYECKUE UCNBbITaHUSA MoKa3anu, YTo NPoBbUoTukM MoryT BbiTe MCNOMbL30-
BaHbl 4N NPOMUNaKTUKM paka v MOryT BNMATb Ha 3PEKTUBHOCTL NPOTUBOONYXoneBon Tepanun. OgHako
ONs NoATBEPXAEHUSA OAHHOMO NPeanonoXeHns HeobxoamMbl AanbHenwmne nccnenosaHns. CoBpemMeHHble
NPOTMBOOMYXONEBbIE NpenapaThl YaCcTO UMEIDT CYLLECTBEHHbIE HEAOCTATKW, BKINOYAa HeraTuBHOE BNUSHME
Ha Ka4eCTBO XXW3HWU NALMEHTOB, Pa3BUTNE NEKapPCTBEHHOW YCTONYMBOCTU 1 BbICOKYHO CTOMMOCTL. 3aKmntoye-
Hue. Ha aphekTNBHOCTL NPOBMOTUYECKON TepanMmn BUSAIOT HECKOMNbKO (DaKTOPOB, TaKUX Kak KOHKPETHbIN
NCNonb3yemblii LUTaMM H6akTepui nm rpnbkos, NprMeHsiemast 403MPOBKa, NPOAOIKUTENBHOCTL NeveHns. B
HacTosiLeM 0630pe AenaeTcs BbIBOA 0 HEOOXOAMMOCTU AarnbHENLLNX KITMHUYECKUX UCTIbITAHUIA 4518 NOATBEPX-
OEeHUs BaXXHOW poru npobroTMKOB Anst NpodunakTuki 1 nevexHus paka. Heobxognmel 6onee maclitabHole
nccnenoBaHUA ANst OLEHKM Kak KpaTKOCPOUHbIX, Tak U ONTOCPOYHbIX 3hdeKkToB NpobrnoTukos, paspaboTka
CTaHAapTU3MPOBaHHbIX METOAMK. [TpUMEHeHne Takmx NoAXoA0B NO3BOMUT CHU3UTL BEPOATHOCTb BO3HUKHO-
BeHUSA No6oYHbIX 3hPeKToB 1 HanTK cnocob GesonacHoro 1 3aPEEKTUBHOIO NPUMEHEHNSI NPOBUOTUKOB B
KIMHUYECKOWN NpaKTUKe.

KnioueBble cnoBa: MMKPO6VIOM, I'IpOSMOTMKVI, pakK MOJIOYHOM Xene3sbl, KOﬂOpeKTa.ﬂbelﬁ pak,
FMHEeKONOrn4yecKkum pak, npoqmnak'mxa U nevyeHue paka.

Introduction

Cancer remains one of the major causes of death
worldwide. There is currently no definite cure for
cancer. Despite recent advances in the development of
anticancer chemotherapy drugs, as well as molecular
targeted drugs, their efficiency does not exceed 50 %,
therefore it is necessary to find other approaches to
improve cancer treatment. Anti-cancer drugs affect
the quality of life or promote drug resistance and are
expensive enough for widespread use. Therefore,
scientists are looking into clinical management of the
cancer with high efficiency Multiple clinical strategies
including chemotherapy, radiotherapy, and immuno-
therapy are introduced in practice to manage breast,
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colon and gynecological cancers. Besides the protec-
tive roles of conventional remedial approaches, and
non-reversible and deteriorative impacts like healthy
cell damage, organ failure, etc., the world scientific
community is in a continuous struggle to find some
alternative biocompatible and comparatively safe so-
lutions. Among novel treatment modalities of breast
cancer as well as other cancer management/treatment
options, the role of probiotics has become immensely
important [1].

It is well known that the gut microbiota changes
or dysbiosis have an essential impact on the initiation
and promotion of chronic inflammatory pathways and
also have a profound different genetic and epigenetic
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alterations leading to dysplasia, clonal expansion, and
malignant transformation [2].

Probiotics are living microorganism community
that exert potential pathogenic or protective effects,
including modulating inflammatory condition and im-
mune responses, affecting HR-HPV oncogene expres-
sion and oncoprotein production, regulating oxidative
stress and deoxyribonucleic acid (DNA) damage, and
inducing metabolic rewiring [3].

Colorectal cancer and probiotics therapy

Colorectal cancer (CRC) is a leading cause of hu-
man mortality worldwide. As conventional anticancer
therapy not always being effective, there is growing
interest in innovative “drug-free” cancer treatments
or interventions that improve the efficacy of estab-
lished therapy. CRC is associated with microbiome
alterations, a process known as dysbiosis that involves
depletion and/or enrichment of particular gut bacterial
species and their metabolic functions. Supplementing
patient treatment with traditional probiotics (with or
without prebiotics), next-generation probiotics (NGP),
or postbiotics represents a potentially effective and
accessible complementary anticancer strategy by re-
storing gut microbiota composition and/or by signaling
to the host.

In this capacity, restoration of the gut microbiota
in cancer patients can stabilize and enhance intestinal
barrier function, as well as promote anticarcinogenic,
anti-inflammatory, antimutagenic or other important
biochemical pathways showing high specificity to-
wards tumor cells. Potential benefits of traditional
probiotics, NGP, and postbiotics include modulating
gut microbiota composition and function, as well as
the host inflammatory response. Their application in
CRC prevention is highlighted in this review, where
we consider supportive in vitro, animal, and clinical
studies. Based on emerging research, NGP and post-
biotics hold promise in establishing innovative treat-
ments for CRC by conferring physiological functions
via the production of dominant natural products and
metabolites that provide new host-microbiota signals
to combat CRC. Although favorable results have been
reported, further investigations focusing on strain and
dose specificity are required to ensure the efficacy and
safety of traditional probiotics, NGP, and postbiotics
in CRC prevention and treatment [4].

The gut microbiome has an impact on cancer im-
mune surveillance and immunotherapy. Recent studies
have shown categorical differences between immuno-
therapy-sensitive and immunotherapy-resistant cancer
patient cohorts. Although probiotics are traditionally
being supplemented to promote treatments or sustain
therapeutic benefits, the FDA has not approved any for
use with immunotherapy. The first step in developing
probiotics for immunotherapy is identifying helpful
or harmful bacteria down to the strain level. The gut
microbiome’s heterogeneity before and during treat-
ment is also being investigated to determine microbial
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strains that are important for immunotherapy. More-
over, dietary fiber intake, prebiotic supplementation
and fecal microbiota transplantation (FMT) were
found to enhance intratumoral CD8+ T cell to T-reg
ratio in the clinics. The possibility of probiotic im-
munotherapy as a “living adjuvant” to CAR treatment
and checkpoint blockade resistance is actively being
investigated [5].

Probiotics change the microbial flora by implant-
ing or colonizing some parts of the host’s body with a
fragment of DT A, which have a beneficial effect on his
health [6]. Probiotic bacteria have been shown to mani-
fest antitumor activity throw nonspecific physiological
defense and by the initiation the immune response.
This review gives the evidence generated in the in vitro
and animal models that have explored how probiotics
act against cancer development, paying specific atten-
tion to the immunomodulatory mechanisms.

Probiotics are defined as living microorganisms
that, when administered in adequate quantities, ben-
efit the health of the host. In the review of Sandra A
Dos Reis et al. [7], the authors discussed the potential
mechanisms of action of probiotics in the prevention
of colorectal cancer, in the treatment of precancer-
ous diseases (dysbiosis, adenomas, predisposition to
polyposis, etc.)] [7]. In this regard, the composition
of the intestinal microbiota is considered as an im-
portant risk factor for the development of colorectal
cancer and precancerous diseases, and probiotics are
able to positively modulate the composition of this
microbiota. Studies have shown that regular use of
probiotics can prevent the development of colorectal
cancer. In this regard, in vitro and experimental studies
suggest some potential mechanisms responsible for
this anticancer effect. The mechanisms are as follows:
modulation of the intestinal microbiota composition;
changes in the metabolic activity of the microbiota;
binding and degradation of carcinogenic compounds
in the intestinal lumen; production of compounds
with anticarcinogenic activity; immunomodulation,
improvement of the intestinal barrier, changes in the
physiology of the host; inhibition of cell proliferation
and induction of apoptosis in cancerous and function-
ally damaged precancerous cells.

Microbiota modulation by probiotics can be consid-
ered as a part of a therapeutic regimen for patients with
CRC. The interaction between diet, microbiota and
host in maintaining homeostasis is an important fac-
tor in therapeutic strategies for CRC, and microbiome
analysis is a critical component in understanding how
these complex interactions affect the development and
progression of carcinogenesis.

Probiotics in the inhibition and treatment

of cervical cancer

Probiotics are widely used in the treatment of intes-
tinal diseases, but the effect of probiotics on the health
of the female reproductive tract is still controversial.
Lactobacillus is the most common microorganism in

SIBERIAN JOURNAL OF ONCOLOGY. 2025; 24(1): 150-163



OB30PbI

the vagina associated with the vaginal mucosal barrier.
Lactobacilli adhere to the vaginal epithelium and can
competitively resist pathogen colonization [§].

We review the progress of research on probiotics
represented by Lactobacillus in gynecological dis-
eases such as human papillomavirus (HPV) infection,
bacterial vaginosis (BV) and genitourinary syndrome
of menopause (GSM) to provide a basis for further
identifying the role of probiotics in the treatment of
gynecological diseases and women health.

The microbiota in the female genital tract is an
intricate assembly of diverse aerobic, anaerobic,
and microaerophilic microorganisms, which share
the space within the reproductive tract and engage
in complex interactions. Microbiome dysbiosis
may disrupt the symbiotic relationship between the
host and microorganisms and play a pivotal role in
the pathogenesis of various diseases, including its
involvement in the establishment of human papil-
lomavirus (HPV)-associated cervical cancer (CC).
Interventions to restore microbiota homeostasis (e.g.,
probiotics) and bacterial-vector HPV therapeutic vac-
cines have been reported to be potentially effective in
clearing HPV infection and ameliorating cytological
abnormalities. In this review, we place emphasis on
elucidating the alterations within the cervical-vaginal
microbiota as well as the intratumoral microbiota in
the context of high-risk HPV (HR-HPV) infection and
its subsequent progression to cervical intraepithelial
neoplasia/CC [3]. Furthermore, we pay attention to
the mechanisms by which these microbial communi-
ties exert potential pathogenic or protective effects,
including modulating genital inflammation and im-
mune responses, affecting HR-HPV oncogene expres-
sion and oncoprotein production, regulating oxidative
stress and deoxyribonucleic acid (DNA) damage, and
inducing metabolic rewiring. Lastly, we summarize
the latest evidence in human trials regarding the ef-
ficacy of probiotics, prebiotics and probiotic-vector
HPYV therapeutic vaccines. This review aims to foster
a deeper understanding of the role of the microbiota
in HR-HPV infection-related cervix cancer develop-
ment, and further provide a theoretical basis for the
development of preventive and therapeutic strategies
based on microbial modulation [9].

Various prebiotics, probiotics, and other non-
medical medications have been reported to display
therapeutic effects in cervical disorders. Numerous
studies have reported an association between human
papillomavirus infection and subsequent cervical dys-
plasia, as well as declines in Lactobacillus species. A
continuum of microbiota composition is observed from
the vagina to the upper parts of the FGT, but there is
no evidence to suggest that manipulation of the vaginal
microbiota can help change the composition of other
compartments of the FGT [8].

Therefore, recommending probiotics, prebiotics, or
other over-the-counter supplements for gynecologic
cancer prevention requires larger, well-designed stud-
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ies [8]. Probiotics are products containing a sufficient
number of living microorganisms that change the mi-
crobial flora by implanting or colonizing some parts of
the host’s body with a fragment of DT A, which have
a beneficial effect on his health [6].

Lactobacilli have been proposed as vaginal probiot-
ics due to their properties, such as acidification of the
vaginal environment, participation in the stabilization
of the vaginal bacterial flora, the ability to adhere to
vaginal epithelial cells and disease prevention. Several
reports have shown that probiotic bacteria such as
Lactobacillus casei Lactobacillus plantarum, Lactoba-
cillus rhamnosus GG and Lactobacillus acidophilus,
exert their antitumor effect by activating NK cells and
maturing dendritic cells [ 10]. Various mechanisms by
which lactic acid bacteria exhibit anticancer activity
include [11]: the production of antitumor metabolites
(such as short-chain fatty acids, lactic acid and bacte-
riocins); regulation of cell differentiation, inhibition
of cancer cell migration and regulation of the immune
system.

Moreover, the cell-free supernatants of lactic acid
bacteria contain secretory compounds, such as bacte-
riocins, which are biologically active proteins and are
known as antimicrobial peptides that disrupt cell wall
synthesis and ultimately cause cell death. In addition,
exopolysaccharides produced by heat-treated bacteria
can inhibit cancer cells, significantly inhibiting the
growth of pathogenic bacteria [12].

Lactobacillus is the most common microorganism
in the vagina associated with the vaginal mucosal
barrier. Lactobacilli adhere to the vaginal epithelium
and can competitively resist pathogen colonization.
Factors produced by lactobacilli, such as bacteriocin
and hydrogen peroxide (H,0,), can inhibit the growth
of pathogens and maintain a low pH level in the vagina.
Probiotics play an important role in maintaining the
stability of the vaginal microenvironment, enhancing
immune defenses and blocking the progression of
cervical cancer [8].

Currently, there are some investigations on probiotic
effect against HPV associated cervix cancer. The effect
of prebiotics on HPV clearance was investigated in
four recent studies, three of which showed an increased
rate of clearance of HPV infection following treatment.
Five studies investigated the rates of cytological
and colposcopic clearance of abnormalities, and all
showed positive results following prebiotic treatment.
In the study of Di Pierro and colleagues, none of the
35 participants had an L crispatus-dominant vaginal
microbiota at baseline, but after 3 months of treatment
with the L crispatus M247 probiotic, 33 (94 %) of 35
participants had switched to a L crispatus-dominant
vaginal microbiota, as shown using [llumina MiSeq.
Of the five studies investigating probiotics in cervical
disease, only one showed increased rates of HPV clear-
ance following treatment with L. rhamnosus, and four
reported increased rates of clearance of cytological
abnormalities. The duration of administration ranged
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Table 1/Tabnuua 1
Antitumor effects of probiotic lactobacilli (conventional probiotics and lactobacilli)

MpoTuBoonyxonesble adchekTbl NnpobuoTukos lactobacilli (koHBeHUMOHaNbHLIE NpobuoTukK U lactobacilli)

. Bacteria/ Reference/
Effects/3ddexrs Mechanisms/MexaHu3MbI
bakrepust Ccblika
Inducing apoptosis and inhi-  Increasing expression of Caspase-3 and decreasing expression of
biting oncogenic signaling/ Bcl-2, the prevention of colorectal cancer/
Wunykuus arnonrosa u VBesmueHre 3KCIPEeCcCHy Kacnasbl-3 U CHIKEHHE SKCIIPEecCHr Oelika Lactobacillus delbrueckii [7]
WHTHOHIMST OHKOTEHHBIX  Bcl-2, npezckasanne 3 (eKTHBHOCTH Teparny Py KOJIOPEKTaIbHOM
CHTHAJIOB paxe.
Upregulating the expression of apoptotic genes BAX, BAD,
Inducing apoptosis and inhi- Caspase-3, Caspase-8 and Caspase-9 and downregulating the expres-
biting oncogenic signaling/ sion of the BCI-2 gene. Anticancer pqtentlal against cervix cancer Lactobacillus casei SR1,
Mupyknus anonrosa u (HeLa) cell line/ SR2. paracasei SR4 [24]
MHTUOUIINS OHKOT€HHBIX Up-peryisiys 5KCIPECCUH aroNTOTUYECKUX TeHOB BAX, BAD, P
CHTHAJIOB Kacrasa-3, kacrasa-8, kacrasa-9. Down-peryssiust SKCIpecCHn reHa
BCL-2
I i tosi . . .
ndl.lcmg apoptosis and Downregulating cell-cycle related genes and regulating human papil-  Lactobacillus jensenii (su-
arresting cancer cell cycle/ . L .
lomavirus oncogenes. Inhibitory effect on cervical cancer cells/ pernatants)/
Munykuus aronrosa u R R .. [25]
Down-peryJisius reHOB-peryIsiTOpOB KJIETOYHOTO [IUKJIA U Lactobacillus jensenii (cy-
OCTaHOBKA LMKJIA OIyXOJIe-
PEeryinpoBaHHe OHKOI'€HOB BHPYCa MAIlMIUIOMBI Y€JI0BEKA [epPHATaHT)
BBIX KJIETOK
Inducing apoptosis and Lactobacillus plantarum BF-
inhibiting proliferation/  Enhancing Natural Killer cells activity and dendritic cells maturation/ LP284 (heat-killed)/
Wuaykuus anonro3a u YeuneHne akTHBHOCTH €CTECTBEHHBIX KIETOK-KHILIEPOB H Lactobacillus plantarum BF- [26]
MHrUOMpOBaHKE TponHpe- CO3pEBaHMUs JICHAPUTHBIX KIETOK LP284 (yHUUTOXAETCs IpU
parmu HarpeBaHum)
Inducing apoptosis and
reducing cancer cells pro-
liferation/ Suppressing activity of Nuclear Factor-kB (NF- kB)/ Pediococcus pentosaceus
[27]
Mupykuus anonrosa u Cynpeccopras aktuBHOCTs NF-kB GS4
MHrUOUpoBaHue mpoaude-
parmu
Stimulating Natural Killer cells activation and dendritic cells matura-
Activating immune system/ tion (Anticancer effects of the microbiome and its products)/
AKTHBAIHS HMMYHHO CTuMyIpOBaHHE aKTUBAINH €CTECTBEHHBIX KICTOK-KIILIEpoB U Lactobacillus rhamnosus GG [10]
CHCTEMBI co3peBaHmst AeHAPUTHBIX KieTok ([IpotrBoomyxoneBsie a(heKTs
MHKPOOHOMA U €ro IPOIyKTOB)
Lactobacillus casei Pa-
Enhances antigen-specific IgA secretion. Inducing Interleukin (IL)-12 racaset mccis49 (F)rally
S . . administered heat-killed)/
Activating immune system/ and follicular helper T cells secretion/ . ;
o Lactobacillus casei
AKTHBAIMs UMMYHHOMI VYeunuBaeT CeKpernio aHTHICHCIICU(PUISCKOr0 HMMYHHOIIIOOYITH- . [28]
. Paracasei MCC1849 (npu
CHUCTEMBI Ha A (IgA). Ctumynupyet cexpennto uaTepieiikuna 12 (IL-12) u
[epOpaIbHOM [IpHeMe
(boMKYISPHBIX XelepHbIX T-KieTok
YHHYTOXKACTCS IIPU
HarpeBaHHN)
Modulating immune Decreasing the production of TNF-a and increasing the IL-10 produc- Exopolysaccharides (EPSs)
system/ tion cervical tumor cells (HeLa)/ of Lactobacillus gasseri/ [29]
MoymiupoBaHHEe UMMYHHOM CHwxenne Boipa0boTku TNF-o 1 yBenuuenue BeipaboTku IL-10 Orzononucaxapuowvt (EPSs)
CHCTEMBI OITyXOJICBBIMH KJIeTKaMu meliku Matku (HeLa) Lactobacillus gasseri
Inhibiting cancer cells
igrati lati ion of E-cadheri
migration/ Upregulating expression of E-cadherin/ Lactobacillus delbrueckii [30]

Murubnposanue Murpaun
OITyXOJIEBBIX KJIETOK

Inhibiting proliferation and
migration of cancer cells/
WHrubuposanue mpo-
nudepayui 1 MUTPALuK
OITyXOJICBBIX KIIETOK

154

Up-perynsauus sxcnpeccun E-kajnxepuna

Activating Phosphatase and tensin homolog (P7EN) and inhibiting
AKT pathways/
AxruBarms romosnora gocdorassl u Tensu (PTEN) n nHruOupoBanue
AKT curnambHOro myTu

Pseudomonas aeruginosa
mannose-sensitive hemag-
glutinin (PAMSHA)/
I'emarrmoTHHUH,
YyBCTBUTENIbHbBIH K MAHHO3€
Pseudomonas aeruginosa
(PAMSHA)

[31]
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Antimicrobial effect on
carcinogenic bacteria
Salmonella Typhimurium
and Enterohaemorrhagic
Escherichia coli/
AHTHMUKPOOHEIH d(dexT
B OTHOIICHUH KaHI[EPOTECH-
HbIX Oaktepuii Salmonella
Typhimurium v Entero-
haemorrhagic Escherichia
coli

(CLAs)

Modulating immune
system/
MopynupoBanue UMMYHHOH
CHCTEMBI

tion/

Inhibiting oncogenic signa-
ling. Antiviral activity/
MHrubuposaHne OHKOreH-
HBIX CHTHAJIOB. AHTUBHUPYC-
Hasi aKTHBHOCTb.

Inhibit cervical cancer
cell migration in vitro and
reduce tumor burden/
WHrubupoBaHue MUTPAIIHT
OITYXOJIEBBIX KJIETOK MPH
paKe IMENKH MATKH U PEIyK-
LIUS1 OIYXOJIEBOH MacChl

Cytotoxicity effects on
cancer cells/
urorokcuveckue et
Ha OITYXOJICBBIC KJICTKH

Note: created by the authors.

HpHMeanue: TabNMIa COCTaBICHa aBTOpaMH.

from 3 to 12 months or, in one study, until the high-risk
HPV DNA test yielded negative results. One of the five
studies reported the use of a placebo agent. The size
of the study cohorts ranged from 35 to 160 women.
It were unable to identify any studies investigating
the use of prebiotics or probiotics for the prevention
of endometrial, epithelial ovarian, vulval, or vaginal
malignancy [8].

Lactobacilli have been considered as vaginal
probiotics due to their properties, such as acidifica-
tion of the vaginal environment, participation in the
stabilization of the vaginal bacterial flora, the ability
to adhere to vaginal epithelial cells and disease pre-
vention [10, 11].

Moreover, the cell-free supernatants of lactic acid
bacteria contain secretory compounds such as bacte-
riocins, which are known as antimicrobial peptides
that disrupt cell wall synthesis and ultimately cause
cell death. In addition, exopolysaccharides produced
by heat-treated bacteria can inhibit cancer cells, sig-
nificantly inhibiting the growth of pathogenic bacteria
[13].

Engineering bacteria for the treatment

of cervical cancer

Currently, there is convincing evidence confirming
the interest in the use of lactic acid bacteria (ICD),
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Increasing the production of conjugated linoleic acids (CLAs)/
YBenuueHue IpOAyKIHU KOHBIOTHPOBAHHBIX JINHOIEBBIX KUCIOT

Decreasing the production of TNF-a and increasing the IL-10 produc-

Cuwxkenne npoaykuuu TNF-o n yBenmuenue npogykuuu 1L-10

Suppressing £6 and E7 oncogene expression/
IonaBienne sxcrpeccun OHKOreHOB £6 u E7

Upregulation of E-cadherin/
Up-perymsinus E-kaaxepuna

End of Table 1/OkoH4yaHue Tabnuubl 1

Lactobacillus casei ATCC

334 (LC-WT) (32]

Lactobacillus gasseri (an-
aerobe)/
Lactobacillus gasseri (anas-
poObI)

[29]

Bifidobacterium adolescentis

SPM1005-A [33]

Lactobacilli spp (in vitro) [30]

Lactobacillus plantarum
(postbiotic metabolites)/
Lactobacillus plantarum [34]
(mocrbuornyeckue MeTabo-
JIATBI)

in particular, strains of lactococci and lactobacilli, as
well as bifidobacteria, for the development of new
living vectors for the purposes of protecting human
and animal health. ICD is a gram-positive bacteria
that has been used for thousands of years to produce
fermented foods. In addition, numerous studies have
shown that genetically modified lactic acid bacteria
and bifidobacteria can induce a systemic and mucosal
immune response against certain antigens when ad-
ministered through the mucous membrane. Therefore,
they are good candidates for developing new strate-
gies for delivery through the mucous membrane and
are an attractive alternative to vaccines based on at-
tenuated pathogenic bacteria, the use of which poses
a health risk. The development of molecular biology,
obtaining genome-wide sequences of many bacteria-
representatives of the microbiota (bacterial genome
sequences) and the development of new methods of
genetic modification of bacteria and mammalian cells
have expanded the possibilities of using bacteria to
treat cancer [ 14]. Genetically engineered bacteria have
demonstrated good potential for the diagnosis and
treatment of a wide range of diseases. The researchers
plan that the engineered bacteria will be cost-effective,
minimally invasive, safe and more effective than
conventional treatments [15]. In a study by Zitvogel
et al. [10], engineered bacteria were able to enhance
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Table 2/Tabnuua 2
Antitumor effects of probiotic bacteria of the transient microflora (Bacillus spp)

MpoTtuBoonyxonesbie 3¢h¢ekTbl NPOOMOTUYECKUX DaKTepuit TpaH3uTopHou Mukpodnopsl (Bacillus spp)

Bacteria/commercial foreign drugs/

. Reference/
Effects/D¢ddexrsr Mechanisms/MexaHn3MbI Bakrepusi, kommepueckne 3apyOekHbIe Cobiika
npenaparsl
Increased interferon production, Domuvar (BioPronizgllgsglailf;;{ ); Enterogermina
Immunomodulatory and antimicrobial mitogenic T cell proliferation, (Flogra Bal:nc'ei USyA’)' g
properties. Growth inhibition of the and mitogen-induced lymphokine Lactopure (Pharmed Me dica;e In di;)' Lactospore
chancellor-associated strain of Helico- ~ production in ex vivo and in vivo op . ? ’ P
bacter pylori/ models/ (Sabinsa Corp., USA); Neolactoflorene (Newpharma
S.rl, Italy);
O0naiaeT IMMYHOMO/IYJIHPYFOIIMHU TloBblieHHast BhIpabOTKa S ? B [35,36]
1 QaHTUMHKPOOHBIMH CBOMCTBAaMHU. uHTEp(EpOHa, MUTOTCHHAS Sl.}zte;l‘e?);If)?dar;zde?B]?;(}))treochr;:;.S, UASAIBI/E;;I/IIZ; y
ITonasnenune pocra mramma Helico- nponudeparys T-KIeToK 1 3HLTC umlfe MI/II-}I/a (Ilf‘lora-Bal fnce CII)_HA)' HaKTOl‘;
bacter pylori, acCOLMUPOBAHHOTO C MH/Ly[IUPOBAaHHAS! MUTOICHOM POTCPMHE 0 ’ wp
paKom BEIPABOTKA TM(OKIHOB B MOETAX (Pharmed Medicare, naus); Jlakrocrnopa (Sabinsa
X vivo 1 in vivo Corp., CIITA); Heonakrodiopen (Newpharma S. r.l.,

Wranust); Cycreneke (Ganeden Biotech Inc., CIIIA)

. . . . . Bacillus coagulans, spore-forming lactic acid-
Antimicrobial action against a wide . . .
. . P producing bacteria//Lactopure/Pharmed Medicare
range of intestinal opportunistic bacte- .
ria with carcinogenic potential/ Production of coagulants, bacte- (Ui P NER R N, (i)
. . ? and Sustenex/Ganeden Biotech Inc. (USA)/Ba-
AHTUMHUKPOOHOE JIeHCTBHE IPOTHB riocins/ .
cillus coagulans, ciopoobpa3syromue 6akTepuy, [37]
IIIPOKOTO CHEKTPA KUIICIHBIX IIpon3BOACTBO KOATYIISIHTOB,
CIIOBHO-ITATOICHHBIX OAaKTEepHUii GaKTepHOLNHOB S O OO g L T
yo HAAIOIIIX KAHLICDOrCHHBIM ? Pharmed Medicare (Muaus), Neolactoflorene/New-
g anTeH M;(}’M pharm S.r.l. (Mranus) u Sustenex/Ganeden Biotech
= Inc. (CILIA)
Antimicrobial effect by reducing the
pH of the microenvironment/ Lactic acid production/ .
N . Bacillus coagulans [38]
AHTHMHKPOOHBIH 3 deKT 3a cuer TIpou3BOACTBO MOJIOUHOM KHUCIOTHI

cHxeHus pH Mukpocpebt

Bactericidal and bacteriolytic effects
against cancer-associated opportunistic
bacteria (Listeria spp.)/

Bakrepunmanoe u .
P . [1pou3BOACTBO HOBOTO Bacillus coagulans 14 [39]
0GaKTEPHOIIMTHYECKOE JeHCTBIE
HPOTHBOOITYXOJIEBOTO
HIPOTHB YCIIOBHO-ITATOT€HHBIX
. GaKkTepuonHa (KOaryJInHa)
GaKTepuii, aCCOLMHPOBAHHBIX C PAKOM

Production of a new anti-listerial
bacteriocin (coagulin)/

(Listeria spp.)

B. cereus//Bactisubtil (Marion Merrell Dow Labo-

ratories, France; Hoechst, France; Aventis Pharma,
France; Cassella-Med, Germany); Biovicerin (Geyer

o Production of cytotoxic enteroto- Medicamentos S.A. Porto Alegre, Brazil); Subtyl
Inhibition of cancer cell growth/ : X
VHIMOPOBAHHE POCTa OITyXONEBbIX xins/ (Mekophar, Vietnam)/B. cereus//baxtucyorun (Ma- [40]

IeTOK TIposyKIHst TUTOTOKCHYIECKIX rion Merrell Dow Laboratories, ®panuus; Hoechst,

SHTEPOTOKCHHOB @pannyst; Aventis Pharma, ®pannust; Cassella-
Med, I'epmanns); buosunepun (Geyer Medica-
mentos S.A., [Topry-Anerpu, bpaswms); CyoTun
(Mexodap, Beeraam)

Enhances cognitive functions and

L Bacillus licheniformis (in combination with other
glucose homeostasis in diabetic rats . . S et . .
with experimental Alzheimer's tvpe Regulation of glucose homeostasis probiotics: ¢ B.subtilis/Biosporin (Biopharma,
P . yp and accumulation of b-amyloid in ~ Ukraine; Gas (Russia); MegaSporeBiotic (Microbi-
dementia/ . .
the hippocampus of the brain/ ome Labs, USA)/JIuxenutdopmuc (B KOMOHHAITHN
Viy4iraer KOrHUTUBHbIE (QyHKIHN . [41]
Perynsinus romeocrasza u ¢ IPYTUMH NpOOHOTHKAaMu: ¢ B.subtilis/Brocnopux
1 FOMEOCTa3 TTIOKO3BI y KPBIC C
. HaKOIJICHHE B-aMHJIOH/A B («buotdapmay, Yrpauna; «I'a3», Poccnst);
J11abeTOM M SKCIIEPUMEHTATbHON
o TUIIIIOKAMIIE TOJIOBHOTO MO3Tra MeraCnopebuotuk («JIlaboparopun MuUKpoOHoMa,
JIEMEHIMEH [0 TUITy O0oJIe3HN
. CIIA)
Aunbireiivepa
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Increased synthesis of superoxide
dismutase and glutathione peroxi-
dase enzymes; decreased serum
IL-1 levels (P < 0.05); increased
intestinal morphological integrity
(villi height, crypt depth, dense
compounds (ZO-1, claudine-1 and
occludin) and functional lipase
activity in the intestine/
VBennueHue cuHTe3a (epMEHTOB
CYNMEePOKCUUTICMYTa3bl
[Ty TaTHOHIICPOKCHIa3bl; CHIJKCHUE
ypoBHsi IL-1 B chIBOpOTKE
kpoB (P < 0,05); nosimenne
MOP(}OIOrHYECKOi ETOCTHOCTH
KHUIICYHHKA (BBICOTA BOPCHHOK,
[TyOMHA KPUIIT, HATMYHE TUIOTHBIX
coenuHenuii (ZO-1, knayaus-1 n
OKKJIIOJIMH) U (pyHKIIMOHAIBHOI
AKTHBHOCTH JIUIIA3bl B KUIICYHUKE

Antioxidant and anti-inflammatory
properties, influence on the physical
barrier function of the intestine, induc-
tion of improvement of the composi-
tion of the intestinal microbiota with
a higher ratio of beneficial bacteria
and a lower content of opportunistic
bacteria/

O0nagaeT aHTHOKCHIAHTHBIMHA
U IPOTHBOBOCIAIHTEIBHBIMI
CBOWCTBAMH, BIHSCT Ha (DH3UUCCKYIO
OGapbepHyI0 (YHKLHUIO KUIICYHUKA,
CIIOCOOCTBYET YITy4IICHUIO COCTaBa
KHIICYHOI MHKPOOUOTHI ¢ Dosee
BBICOKHM COJICPYKaHHEM ITOJIC3HBIX
OakTepuii u 0oJee HU3KUM
CofepKaHIEM yCIIOBHO-IIATOTCHHBIX
OakTepuid.

Antimicrobial properties against S.
aureus KCM 32359, Clostridium
perfringens ATCC3624 and H. pylori
associated with carcinogenesis/
AHTUMHKPOOHBIE CBOMCTBA B
otHoueHun S. aureus KCM 32359,
Clostridium perfringens ATCC 3624
u H. pylori, accOUMMPOBaHHbBIX C
KaHIIEPOTeHE30M

Production of polyfermentsin SCD
(bacteriocin)/
Tpomykiust nomu(pepMeHTHIHHA
SCD (6axtepHoIH)

Inhibits the expression of ErbB2
ErbB3 in colorectal cancer tumor
cell cultures (HT-29, DLD 1, and
Caco-2)/
Wurubuposanue sxcnpeccun ErbB2
ErbB3 B KybType KICTOK IpH
kosiopektanbHoM pake HT-29, DLD
1 u Caco-2

Antitumor effect/
ITporuBoomyxonesblit ekt

Inhibition of cancer cell growth/
WHruOupoBaHue pocTa OImyXoJIeBbIX -
KIICTOK

Antimicrobial, antiviral and antitumor
properties, regulation of the microbi-
ome composition of broiler chickens/
AHTUMHKPOOHBIE, IPOTHBOBUPYCHBIE -
1 IPOTHBOOITYXOJICBBIE CBOMCTBA,
peryssiiys coctaBa MUKpoOonoma
LBIUIAT-0poiiepoB

Inhibits the adhesion of Salmonella
enteritidis, Listeria monocytogenes
and E. coli to HT-29 cells/
Wnrubuposanue aaresuu Salmonella
enteritidis, Listeria monocytogenes u
E. coli x HT-29 xnerkam
Inhibition of growth of condition-
ally pathogenic bacteria, including
H.pylori/

ITonasienue pocTa yCIOBHO-
IaTOTeHHBIX OaKTepuii, BKIrouas H.
pylori

Secretion of antibiotics amicumacin
A and neamicumacin/
Cexkpenust aHTHOHOTHKOB
aMUKyMalliHa A 1 HeaMHKyMalliHa
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Table 2/Ta6bnuua 2

B. licheniformis DSM5749

Bacillus polyfermenticus SCD//Bispan, Binex Co.,
Ltd.)/Bacillus polyfermenticus SCD//bucnan, Binex
Co., Ltd.)

B. polyfermenticus SCD//Bispan (Binex Co. Ltd.,
South Korea/B. polyfermenticus SCD//bucnian
(Binex Co. Ltd., FOxnas Kopest)

Bacillus polyfermenticus KU3

Bacillus subtilis DSM 32315//Biocult (Protein
Health Care), Biosporin (Biofarma, Ukraine).;
Garars (Russia), Lactan Plus (Instituto Biochimico
Italiana SpA, Italy), Bibactil (Tendifar Corporation,
Vietnam), Biosubtil (IVAC, Vietnam), Bidisubtilis
(Bidifar Binh Dinh Pharmaceutical Company,
Vietnam) and Biobaby (Ildong Pharmaceutical Co.
Ltd., Korea)/Bacillus subtilis DSM 32315//buoxkynst
(Protein Health Care), Buocniopun (brnodapma,
VYkpauna); Fappapa (Poccus), Jlakran [Tntoc (MH-
ctutyT buoxumun Uranesno CnA, Uranus), bubak-
Tun (Kopriopanust Tenaudap, Beetnam), buocyorun
(IVAC, Boetnam), buancyotunuc (dpapmareBruue-
ckast komranus bunndap bunb [{unb, Beetnam) u
Biobaby (Ildong Pharmaceutical Co. Ltd., Kopes).

B. subtilis P223 inhibits the adhesion of Salmonella
enteritidis, Listeria monocytogenes and E. coli to
HT-29 cells/B. subtilis P223 unrubupyer aare3uio
Salmonella enteritidis, Listeria monocytogenes n E.
coli k xnerkam HT-29

Bacillus subtilis 3 (B.subtilis 2335/105 Subalin
recipient)/Bacillus subtilis 3 (peunnuent cybannna
B.subtilis 2335/105)

[42]

[43]

[44]

[45]

[46, 47]

[48]

[49]
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Antiviral activity against DNA and
RNA viruses (influenza virus, herpes
virus and equine encephalomyelitis
virus)/
IIpoTHBOBHpYCHAS aKTUBHOCTE B
orHomenuu JIHK- n PHK-Bupycos
(BHpyC IpHIIIa, BUPYC repreca u
BHUPYC dHIIE(hATOMHEIIHTA JIOMA/IeH)

Antiviral effect/
AHTUBUPYCHBIN 3D eKT

Regulation of hemostasis, reduction of
blood clotting/
Perynsiiust cuctemsl reMocrasa,
CHIKCHHE CBEPTHIBAEMOCTH KPOBH
Causes a shift in the intestinal micro-
biome of broilers towards butyrate-
producing bacteria (Ruminococcus,
Lachnoclostridium and Anaerostipes,
and improves intestinal histomorpho-
logy and animal productivity/
BhI3bIBaeT CABUT B MUKPOGHOME
KHIICUHHKA OpPOUIIEPOB B CTOPOHY
GakTepuii, IPOIYLUPYIOMINX OyTHpaT
(Ruminococcus, Lachnoclostridium
u Anaerostipes), a TaK)Ke yIydliaer
HCTOMOP(OJIOTHIO KUIICYHHKA H
[POYKTHBHOCTH )KHBOTHBIX
Induce the production of interferon
IEN in the cells of the mucous mem-
branes/

VHAyIMpyOT BEIPAGOTKY
nurepdepona IFN B kireTkax
CIIM3UCTBIX 000JI0UeK
Microbiome Editing: an increase in
the number of Christensenellaceae
and Caulobacteraceae and a decrease
in the concentration of Vampirovibrio,
Escherichia/Shigella and Parabacte-
roides in broiler chickens/
PenakrupoBanue Mukpoduoma:
yBenaudenue konuyecrsa Christen-
senellaceae n Caulobacteraceae n
CHIDKEHHME KOHIICHTpauuu Vampirovi-
brio, Escherichia/Shigella w Parabac-
teroides y UBITUIAT-OpOiiIepoB

Immunomodulating and immunosti-
mulating activity restores age-related
decrease in immune responses in an
experiment on mice/
VIMMyHOMOYIHUpYIOLIas 1
UMMYHOCTHMYJIUPYIOIasi akTHBHOCTh
BOCCTaHABJIMBACT BO3PACTHOE
CHIDKCHHE HMMYHHBIX PEaKIuii B
9KCMIEPHMEHTE Ha MBILIAX

Note: created by the authors.

Production of peptide P18 with
antiviral activity/
Bripaborka nentuaa P18,
00J1a/1ar01IEeT0 TPOTHBOBUPYCHON
AKTHBHOCTBIO

Production of fibrinizing enzymes/
[Ipou3BoacTBO (HOPUHUIHPYIOINX
(hepMeHTOB

Induction of butyrate in butyrate-
producing bacteria and metabolites
that help strengthen intestinal barrier
function/

Cunre3 Oytupara OakTepusMu U
MeTabOoIUTaMH, TIPOYLIMPYOIIHMH
OyTHpaT, KOTOPBIE TIOMOTAOT
YKPEIHUTh 0apbepHyI0 (QYHKIHIO
KHUIICYHHKA

In 22-month-old mice, the produc-

tion of IFN and IFN type was resto-

red to the levels of these indicators

in the blood plasma of 19-week-old
mice/

YV 22-MecsuHbIX MbILIEH BEIpaOOTKa
IFN u IFN-Tuna BoccraHoBHIaCh
110 YPOBHEH 3TUX IOKa3aTenei
B IJIa3Me KPOBU 19-HeenbHbIX
MBbIIIEH

[pumedanne: Tabiua COCTaBICHA aBTOPAMH.
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End of Table 2/OkoH4yaHue Tabnuubl 2

Bacillus subtilis 3 in vitro and in vivo models (mice)/
Bacillus subtilis 3 Ha Mozemnsx in vitro u in vivo
(MbIm)

Bacillus subtilis 3, on animal models/Bacillus subti-
lis 3, HA )KUBOTHBIX MOJIEIIAX

B. subtilis Hammo

Bacillus subtilis 29784

B. subtilis controversies/criopst B. subtilis

Bacillus subtilis DSM 32315

B. subtilis per os

[50]

[51]

[23, 52, 53]

[54]

[55]

[56]

[57]
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the anti-cancer effect of 5-fluorouracil (5-FU) on a
mouse model [10].

Engineered bacteria have also been used to treat
cervical cancer. Komatsu et al. [16] reported that a
therapeutic HPV vaccine based on a recombinant
strain of L. casei producing E7 papillomavirus typel6
antigens can induce a mucosal immune response
to the E7 antigen due to the production of mucosal
immunity by IFNG-producing Th1 cells and can be
used for the treatment of grade 2 and 3 cervical intra-
epithelial neoplasia of the 2nd and 3rd degree (CIN2
and CIN3), which are is a precancerous disease for
which there is no conventional therapy [16]. After
additional optimization of the expression level of the
E7 gene, placebo-controlled randomized clinical trials
of the strain for the treatment of patients with HPV16-
positive CIN2 were conducted. Only in the GLBL101¢
group, two patients had complete regression (CR;
regression to normal for 16 weeks) and E7-specific
Th1 immune responses in the mucosal link were ob-
served. The authors believe that further improvement
of the strain with higher immunogenicity is necessary.
Considering that IL-12 has been successfully used in
immunotherapy and cancer therapy for a long time, a
recombinant probiotic secreting the native heterodi-
meric form of IL-12 was constructed on the basis of
the probiotic strain Lactococcus lactis. The biological
activity of IL-12 produced by L. lactis was confirmed
in vitro on mouse spleen cells and in vivo by intranasal
administration to mice and as an adjuvant by combin-
ing them with L. /actis expressing the E7 antigen. To
assess the preventive and curative capabilities of re-
combinant lactococcus, a mouse model was developed
in which tumors were induced by subcutaneous cell
implantation. The results showed that prophylactic
administration of lactococci before injection of tumor
cells led to inhibition of tumor development in 50 % of
immunized animals. In addition, a significant adjuvant
effect of IL-12 co-delivered with the E7 antigen was
found; in the absence of an IL-12-producing strain,
tumor disappearance was observed in only 25 % of
immunized mice. Moreover, mice immunized with
LL-E7 and LL-IL12, were able to resist the second ex-
posure (2 months after the first immunization), which
indicates the persistence of induced immunity [17].
Therapeutic use of these strains in mice with already
implanted tumors led to complete regression of tumors
in 35 % of treated animals. These antitumor effects
were the result of a cytotoxic response dependent
on CD4+ and CD8+ T-lymphocytes. These results in
mice represent the first evidence of a preventive and
curative effect against cervical cancer by vaccination
of the mucous membrane with strains. Probiotics from
lactobacilli are the most technologically developed
and studied. The thousand-year history of the safe
use of these probiotics in the composition of lactic
acid food products is the main confirmation of their
usefulness and harmlessness to humans. The antitumor
properties of lactobacilli in probiotics are presented in

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2025; 24(1): 150-163

Table 1. However, their use as commercial products
in various probiotic forms is limited by some factors:
loss of viability in the aggressive environment of the
gastrointestinal tract when ingested, which requires
the development of encapsulated forms and protective
coatings; limited shelf life by the requirements of a
cold chain; the mechanism of interaction of lactoba-
cilli with epithelial cells has not been fully studied,
strains associated adhesion and biofilm formation are
observed, which undoubtedly limits the use of lactoba-
cilli as a vector for the delivery of bioactive antitumor
molecules, in particular cytokines, interferons, etc.,
since proper pharmacological dose-dependent control
is not provided.

An alternative and supplement to lactic acid bac-
teria in the arsenal of probiotics are probiotics based
on the transient normal microflora of bacteria of the
genus Bacillus. They also have a centuries-old history
of human use of pickling products, and in some of
them, for example, in sauerkraut, the content reaches
a therapeutic dose (in 1 g/105-8). The antitumor prop-
erties of bacteria of the genus Bacillus and probiotics
based on them are presented in Table 2. The absence
of'adhesive properties, the existence in two physiologi-
cal forms (vegetative and spore) makes these bacteria
an attractive vaccine vector for the delivery of heter-
ologous antigens to the human and animal body, and
the use of these bacteria as a pharmacological vector
for the delivery of biologically active molecules with
antitumor and antiviral effects is also promising. Thus,
we have constructed the world’s first recombinant
probiotic (SUBALIN secreting interferon alpha 2b)
based on a recipient probiotic strain that is a part of
a Biosporin approved for use in medicine. Antitumor
efficacy exceeding the recipient’s effects by an order
of magnitude, the stability of interferon production in
pharmacologically limited terms in volunteers, abso-
lute harmlessness (intraperitoneal administration in
doses a hundredfold higher than therapeutic) allowed
us to hope for a successful the use of Subalin and its
improved forms for the prevention and treatment of
cancer in humans [18)].

Microbiome editing strategies with probiotics

based on transitor microflora Bacillus spp.s

Editing of the human microbiome by probi-
otic microorganisms is one of the most successfully
implemented strategies proposed for the treatment
of syndromes of civilization, such as dysbiosis, dis-
orders of the gastrointestinal tract._Probiotics have
immunomodulatory properties, antitumor effects and
contribute to lowering cholesterol levels. Their func-
tion depends on their metabolites, such as bacteriocin,
biosurfactant, exopolysaccharide and siderophore, etc.
[19]. Recently, the potential effects of psychobiotics
on brain cells or emotions have been investigated.
These mechanisms are based on the modulation of
the intestinal microbiome, which mediates its action
through the production of anti-inflammatory cytokines
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that affect cognitive functions, causing hyperglycemia.
The use of probiotics for many socially significant
diseases related to metabolism, tumor, neurodegen-
erative processes is justified, and the list is constantly
expanding. Great hopes are associated with overcom-
ing the antibiotic resistance of pathogens by replacing
antibiotics with probiotics with targeted antagonistic
properties against pathogens. Based on the results
of experimental studies, it is assumed that the effect
of probiotics administered orally will not be limited
only to the microbiome of the intestinal region, but
will be extended to the microenvironment of cells of
the urogenital tract, and the tissue microenvironment
of immune cells and tumors. The spores of probiotic
bacteria are able to be translated through immune bar-
riers, interacting with immune cells and thus providing
immunomodulatory and immunoactivating effects
[20]. Bimodal probiotic strains of the genus Bacillus
make up the microbiota of the human environment
and are usually found everywhere in soil, water, a
number of non-dairy fermented foods, as well as in
the gastrointestinal tract of humans and animals. Some
researchers believe that microorganisms Bacillus are a
normal component of the human intestinal microflora.
And although the number of bacilli existing in the
intestine is less than, for example, bifidobacteria, but
they regularly in large quantities (107-108 CFU) in
fall with food, water, air into the gastrointestinal tract
and respiratory tract of healthy people [20]. Probiotic
Bacillus spp. are gram-positive bacteria capable of
spore formation, which, unlike vegetative cells, have
a unique resistance to environmental factors and
technological effects during manufacture. Bacillus
probiotic spores, as demonstrated by Bernardeau et al.
[21], germinate, grow and resporulate in the gastro-
intestinal tract. The mechanisms of the life cycle and
sporulation were studied on an in vitro human stomach
model and clinical trials of the properties of probiotic
Bacillus subtilis [21]. Bacillus sp. has a biochemical
effect such as antimicrobial and enzymatic activity
and other activities (Table 2), thereby contributing
to the protection of the gastrointestinal mucosa from
conditionally pathogenic and pathogenic microorgan-
isms associated with cancer — pathogens of infections,
as well as protection from various toxins and heavy
metals [20]. Despite the wide range of beneficial prop-
erties for humans, most Bacillus strains belonging to
the GRAS safety group are generally recognized as
safe (usually considered safe). A number of strains
can pose a significant health risk because they carry
genes of various toxins, enzymes or antibiotic resis-
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tance. The authors note the strictly strain-dependent
harmlessness characteristic of this genus, since among
the representatives there are strains with increased
adhesion to epithelial cells, causing infections and
dysbiotic conditions. Therefore, it is emphasized the
need for accurate identification of strain affiliation
using modern methods of analysis, primarily I6RNA
sequencing in combination with MALDI-TOF analy-
sis, as well as determining the presence of toxicity
genes in the genome [22]. Promising application of
probiotics Bacillus spp. can become a biocontrol of
microflora in the human body and the immediate hu-
man environment [23].

Harmlessness (intraperitoneal administration in
doses hundredfold higher than therapeutic ones) al-
lowed us to hope for a successful use of Subalin and
its improved forms for the prevention and treatment
of cancer in humans.

Conclusion

Advances in omics technologies and new sequenc-
ing methods are enabling additional studies of the
human microbiome for its use in cancer prevention
and treatment.

Preliminary clinical trials have yielded promising
results, suggesting that probiotics may contribute to
cancer prevention and enhance both the safety and
efficacy of cancer treatment.

The need for cancer prevention and therapy already
at the stage of dysbiosis, which can directly affect the
development, progression and stability of cancer, is
becoming more and more obvious. Due to the gut mi-
crobiome’s heterogeneity, the first step in developing
probiotics for immunotherapy is identifying helpful or
harmful bacteria down to the strain level. In addition,
the use of non-pathogenic bacteria or bacterial prod-
ucts (probiotics) with antitumor properties expands the
horizons for the development of new and more effec-
tive methods of cancer prevention and treatment.

A wide range of biological activity of bacteria
suggests the possibility of creating different forms
of medicinal bacilli, for many of them there are al-
ready medicines. An important factor for success is
the resource base, the use of which, with the use of
modern technological capabilities, opens up horizons
for the development of this area of drug treatment of
malignant neoplasms. The available data suggest that
future research protocols should be standardized and
include microbiome, virome, and mycobiome interac-
tions, as well as the effects of antibiotics or probiotics
on microbiome shifts.

3. Huang R., Liu Z., Sun T, Zhu L. Cervicovaginal microbiome,
high-risk HPV infection and cervical cancer: Mechanisms and therapeutic
potential. Microbiol Res. 2024; 287. doi: 10.1016/j.micres.2024.127857.

4. Kvakova M., Kamlarova A., Stofilova J., Benetinova V., Bertkova I.
Probiotics and postbiotics in colorectal cancer: Prevention and comple-
mentary therapy. World J Gastroenterol. 2022; 28(27): 3370-82. doi:
10.3748/wjg.v28.127.3370.

SIBERIAN JOURNAL OF ONCOLOGY. 2025; 24(1): 150-163



OB30PbI

5. Singh A., Alexander S.G., Martin S. Gut microbiome homeostasis
and the future of probiotics in cancer immunotherapy. Front Immunol.
2023; 14. doi: 10.3389/fimmu.2023.1114499.

6. Singh D., Singh A., Kumar S. Probiotics: friend or foe to the hu-
man immune system. Bull Natl Res Cent. 2023; 47. doi.org/10.1186/
842269-023-01098-7.

7.Dos Reis S.A., da Conceigao L.L., Siqueira N.P, RosaD.D., daSilvaL.L.,
Peluzio M.D. Review of the mechanisms of probiotic actions in the pre-
vention of colorectal cancer. Nutr Res. 2017; 37: 1-19. doi: 10.1016/j.
nutres.2016.11.009.

8. Mitra A., Gultekin M., Burney Ellis L., Bizzarri N., Bowden S.,
Taumberger N., Bracic T, Vieira-Baptista P., Sehouli J., Kyrgiou M.
Genital tract microbiota composition profiles and use of prebiotics and
probiotics in gynaecological cancer prevention: review of the current
evidence, the European Society of Gynaecological Oncology prevention
committee statement. Lancet Microbe. 2024; 5(3): 291-300. doi: 10.1016/
S2666-5247(23)00257-4.

9. Mei Z., Li D. The role of probiotics in vaginal health. Front Cell
Infect Microbiol. 2022; 12. doi: 10.3389/fcimb.2022.963868.

10. Zitvogel L., Daillere R., Roberti M.P, Routy B., Kroemer G. An-
ticancer effects of the microbiome and its products. Nat Rev Microbiol.
2017; 15(8): 465-78. doi: 10.1038/nrmicro.2017.44.

L1. Pourmollaei S., Barzegari A., Farshbaf-Khalili A., Nouri M., Fat-
tahi A., Shahnazi M., Dittrich R. Anticancer effect of bacteria on cervical
cancer: Molecular aspects and therapeutic implications. Life Sci. 2020;
246. doi: 10.1016/j.1£5.2020.117413.

12. Piqué N., Berlanga M., Mifiana-Galbis D. Health Benefits of
Heat-Killed (Tyndallized) Probiotics: An Overview. Int J Mol Sci. 2019;
20(10). doi: 10.3390/ijms20102534.

13. Chee W.J.Y., Chew S.Y., Than L.T L. Vaginal microbiota and the
potential of Lactobacillus derivatives in maintaining vaginal health. Microb
Cell Fact. 2020; 19(1): 203. doi: 10.1186/s12934-020-01464-4.

14. Liang K., Liu Q., Li P, Luo H., Wang H., Kong Q. Genetically
engineered Salmonella Typhimurium: Recent advances in cancer therapy.
Cancer Lett. 2019; 448: 168—81. doi: 10.1016/j.canlet.2019.01.037.

15. Landry B.P, Tabor J.J. Engineering Diagnostic and Therapeutic
Gut Bacteria. Microbiol Spectr. 2017; 5(5). doi: 10.1128/microbiolspec.
BAD-0020-2017.

16. Komatsu A., Igimi S., Kawana K. Optimization of human papil-
lomavirus (HPV) type 16 E7-expressing lactobacillus-based vaccine for
induction of mucosal E7-specific IFNy-producing cells. Vaccine. 2018;
36(24): 3423-26. doi: 10.1016/j.vaccine.2018.05.009.

17. Cortes-Perez N.G., Azevedo V., Alcocer-Gonzalez J.M., Rodri-
guez-Padilla C., Tamez-Guerra R.S., Corthier G., Gruss A., Langella P,
Bermiidez-Humaran L.G. Cell-surface display of E7 antigen from human
papillomavirus type-16 in Lactococcus lactis and in Lactobacillus plan-
tarum using a new cell-wall anchor from lactobacilli. J Drug Target. 2005;
13(2): 89-98. doi: 10.1080/10611860400024219.

18. Yepowvinyesa H.B., Jlumessakosé H.B., Cmonvanunog E.C., benss-
ckas B.A., Macviuesa B. M. Monyasiiyst TpOTHBOOIYXOJICBOI aKTHBHOCTH
ukiogochana peKOMOMHAHTHBIM MIPOOHOTHKOM cybainHoM. Borpocsr
onkosioruu. 1997; 43(3): 313—-16. [Cherdyntseva N.V., Litviakov N.V., Smo-
lianinov E.S., Beliavskaia V.A., Masycheva V.I. Modulation of the antitumor
effect of cyclophosphamide by the recombinant probiotic subalin. Problems
in Oncology. 1997; 43(3): 313—16. (in Russian)]. EDN: TOXOZJ.

19. Kanmani P, Satish Kumar R., Yuvaraj N., Paari K.A., Pat-
tukumar V., Arul V. Probiotics and its functionally valuable prod-
ucts-a review. Crit Rev Food Sci Nutr. 2013; 53(6): 641-58. doi:
10.1080/10408398.2011.553752.

20. Sorokulova 1. Modern status and perspectives of Bacillus bac-
teria as probiotics. J. Prob. Health. 2013; 1(4). doi: 10.4172/2329-8901
.1000e106.

21. Bernardeau M., Lehtinen M.J., Forssten S.D., Nurminen P.
Importance of the gastrointestinal life cycle of Bacillus for probiotic
functionality. J Food Sci Technol. 2017; 54(8): 2570-84. doi: 10.1007/
s13197-017-2688-3.

22. Jezewska-Frqckowiak J., Seroczynska K., Banaszczyk J., Jedrze-
jezak G., Zylicz-Stachula A., Skowron P.M. The promises and risks of
probiotic Bacillus species. Acta Biochim Pol. 2018; 65(4): 509—19. doi:
10.18388/abp.2018_2652.

23. Lee N.K., Won-Suck Kim W.S., Paik H.D. Bacillus strains as hu-
man probiotics: characterization, safety, microbiome, and probiotic carrier.
Food Sci Biotechnol. 2019; 28(5): 1297-305. doi: 10.1007/s10068-019
-00691-9.

24. Riaz Rajoka M.S., Zhao H., Lu Y., Lian Z., Li N., Hussain N., Shao D.,
Jin M., Li Q., Shi J. Anticancer potential against cervix cancer (HeLa) cell
line of probiotic Lactobacillus casei and Lactobacillus paracasei strains
isolated from human breast milk. Food Funct. 2018; 9(5): 2705-15. doi:
10.1039/c8f000547h.

25. Wang K.D., Xu D.J., Wang B.Y., Yan D.H., Lv Z., Su J.R. Inhibitory
Effect of Vaginal Lactobacillus Supernatants on Cervical Cancer Cells.

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2025; 24(1): 150-163

Probiotics Antimicrob Proteins. 2018; 10(2): 236—42. doi: 10.1007/
$12602-017-9339-x.

26. Shin R., Itoh Y., Kataoka M., lino-Miura S., Miura R., Mizutani T.,
Fujisawa T. Anti-tumor activity of heat-killed Lactobacillus plantarum
BF-LP284 on Meth-A tumor cells in BALB/c mice. Int J Food Sci Nutr.
2016; 67(6): 641-49. doi: 10.1080/09637486.2016.1185771.

27. Dubey V., Ghosh A.R., Bishayee K., Khuda-Bukhsh A.R. Appraisal
of the anti-cancer potential of probiotic Pediococcus pentosaceus GS4
against colon cancer: in vitro and in vivo approaches. J. Funct. Foods.
2016; 23: 66—79. https://doi.org/10.1016/j.j{f.2016.02.032.

28. Arai S., Iwabuchi N., Takahashi S., Xiao J.Z., Abe F., Hachimura S.
Orally administered heat-killed Lactobacillus paracasei MCC1849 en-
hances antigen-specific IgA secretion and induces follicular helper T cells
in mice. PLoS One. 2018; 13(6). doi: 10.1371/journal.pone.0199018.

29. Sungur T, Aslim B., Karaaslan C., Aktas B. Impact of Exopoly-
saccharides (EPSs) of Lactobacillus gasseri strains isolated from human
vagina on cervical tumor cells (HeLa). Anaerobe. 2017; 47: 137-44. doi:
10.1016/j.anaerobe.2017.05.013.

30. Li X., Wang H., Du X., Yu W., Jiang J., Geng Y., Guo X., Fan X.,
Ma C. Lactobacilli inhibit cervical cancer cell migration in vitro and
reduce tumor burden in vivo through upregulation of E-cadherin. Oncol
Rep. 2017; 38(3): 1561-68. doi: 10.3892/0r.2017.5791.

31. Yin T.Q., Ou-Yang X., Jiao F.Y,, Huang L.P,, Tang X.D., Ren B.Q.
Pseudomonas aeruginosa mannose-sensitive hemagglutinin inhibits prolif-
eration and invasion via the PTEN/AKT pathway in HeLa cells. Oncotarget.
2016; 7(24): 37121-31. doi: 10.18632/oncotarget.9467.

32. Peng M., Tabashsum Z., Patel P, Bernhardt C., Biswas D. Linoleic
Acids Overproducing Lactobacillus casei Limits Growth, Survival, and
Virulence of Salmonella Typhimurium and Enterohaemorrhagic Escheri-
chia coli. Front Microbiol. 2018; 9. doi: 10.3389/fmicb.2018.02663.

33. Cha M.K., Lee D.K., An HM., Lee S.W., Shin S.H., Kwon J.H.,
Kim K.J., Ha N.J. Antiviral activity of Bifidobacterium adolescentis
SPM1005-A on human papillomavirus type 16. BMC Med. 2012; 10: 72.
doi: 10.1186/1741-7015-10-72.

34.Chuah L.O., Foo H.L., Loh T.C., Mohammed Alitheen N.B., Yeap S.K.,
Abdul Mutalib N.E., Abdul Rahim R., Yusoff K. Postbiotic metabolites
produced by Lactobacillus plantarum strains exert selective cytotoxicity
effects on cancer cells. BMC Complement Altern Med. 2019; 19(1). doi:
10.1186/512906-019-2528-2.

35. Ciffo F. Determination of the spectrum of antibiotic resistance of
the “Bacillus subtilis” strains of Enterogermina. Chemioterapia. 1984;
3(1): 45-52.

36. Marseglia G.L., Tosca M., Cirillo L., Licari A., Leone M., Marseglia A.,
Castellazzi A.M., Ciprandi G. Efficacy of Bacillus clausii spores in the
prevention of recurrent respiratory infections in children: a pilot study. Ther
Clin Risk Manag. 2007; 3(1): 13-17. doi: 10.2147/tcrm.2007.3.1.13.

37. Hyronimus B., Le Marrec C., Urdaci M.C. Coagulin, a bacteriocin-
like inhibitory substance produced by Bacillus coagulans 14. ] Appl Micro-
biol. 1998; 85(1): 42-50. doi: 10.1046/j.1365-2672.1998.00466.x.

38. Mandel D.R., Eichas K., Holmes J. Bacillus coagulans: a viable
adjunct therapy for relieving symptoms of rheumatoid arthritis according
to a randomized, controlled trial. BMC Complement Altern Med. 2010;
10: 1. doi: 10.1186/1472-6882-10-1.

39. Le Marrec C., Hyronimus B., Bressollier P, Verneuil B., Urdaci M.C.
Biochemical and genetic characterization of coagulin, a new antilisterial
bacteriocin in the pediocin family of bacteriocins, produced by Bacillus
coagulans 1(4). Appl Environ Microbiol. 2000; 66(12): 5213-20. doi:
10.1128/AEM.66.12.5213-5220.2000.

40. Hong H.A., Duc le H., Cutting S.M. The use of bacterial spore
formers as probiotics. FEMS Microbiol Rev. 2005; 29(4): 813-35. doi:
10.1016/j.femsre.2004.12.001.

41. Yang H.J., Kwon D.Y,, Kim H.J., Kim M.J., Jung D.Y., Kang H.J.,
Kim D.S., Kang S., Moon N.R., Shin B.K., Park S. Fermenting soybeans
with Bacillus licheniformis potentiates their capacity to improve cogni-
tive function and glucose homeostaisis in diabetic rats with experimental
Alzheimer’s type dementia. Eur J Nutr. 2015; 54(1): 77-88. doi: 10.1007/
$00394-014-0687-y.

42. Pan X., Cai Y., Kong L., Xiao C., Zhu Q., Song Z. Probiotic Ef-
fects of Bacillus licheniformis DSM5749 on Growth Performance and
Intestinal Microecological Balance of Laying Hens. Front Nutr. 2022; 9.
doi: 10.3389/fnut.2022.868093.

43. Paik H.D., Park J.S., Park E. Effects of Bacillus polyfermenticus
SCD on lipid and antioxidant metabolisms in rats fed a high-fat and high-
cholesterol diet. Biol Pharm Bull. 2005; 28(7): 1270-74. doi: 10.1248/
bpb.28.1270.

44. Ma E.L., Choi Y.J., Choi J., Pothoulakis C., Rhee S.H., Im E.
The anticancer effect of probiotic Bacillus polyfermenticus on human
colon cancer cells is mediated through ErbB2 and ErbB3 inhibition. Int J
Cancer. 2010; 127(4): 780-90. doi: 10.1002/ijc.25011. Erratum in: Int J
Cancer. 2010; 127(11).

45. Lee N.K., Son S.H., Jeon E.B., Jung G.H., Lee J.Y., Paik H.D.
The prophylactic effect of probiotic Bacillus polyfermenticus KU3

161



REVIEWS

against cancer cells. J. Funct. Foods. 2015; 14: 513-18. doi: 10.1016/j.
jf£.2015.02.019.

46. Ma Y., Wang W., Zhang H., Wang J., Zhang W., Gao J., Wu S.,
Qi G. Supplemental Bacillus subtilis DSM 32315 manipulates intestinal
structure and microbial composition in broiler chickens. Sci Rep. 2018;
8(1). doi: 10.1038/s41598-018-33762-8.

47. Hoa N.T, Baccigalupi L., Huxham A., Smertenko A., Van PH.,
Ammendola S., Ricca E., Cutting A.S. Characterization of Bacillus species
used for oral bacteriotherapy and bacterioprophylaxis of gastrointestinal
disorders. Appl Environ Microbiol. 2000; 66(12): 5241-47. doi: 10.1128/
AEM.66.12.5241-5247.2000.

48. Jeon H.L., Lee N.K., Yang S.J., Kim W.S., Paik H.D. Probiotic
characterization of Bacillus subtilis P223 isolated from kimchi. Food Sci
Biotechnol. 2017; 26(6): 1641-48. doi: 10.1007/s10068-017-0148-5.

49. Pinchuk 1.V., Bressollier P, Verneuil B., Fenet B., Sorokulova I.B.,
Meégraud F., Urdaci M.C. In vitro anti-Helicobacter pylori activity of
the probiotic strain Bacillus subtilis 3 is due to secretion of antibiotics.
Antimicrob Agents Chemother. 2001; 45(11): 3156-61. doi: 10.1128/
AAC.45.11.3156-3161.2001.

50. Chudnovskaya N.V., Ribalko S.L., Sorokulova 1.B., Smirnov V.V.,
Belyavskaya V.A. Antiviral activity of Bacillus probiotics. Dopovidi Nac
Acad Nauk Ukraini. 1995; 124-26.

51. Starosila D., Rybalko S., Varbanetz L., Ivanskaya N., Sorokulova I.
Anti-influenza Activity of a Bacillus subtilis Probiotic Strain. Antimicrob
Agents Chemother. 2017; 61(7). doi: 10.1128/AAC.00539-17.

52. Elshaghabee F.M.F., Rokana N., Gulhane R.D., Sharma C., Pan-
war H. Bacillus As Potential Probiotics: Status, Concerns, and Future
Perspectives. Front Microbiol. 2017; 8. doi: 10.3389/fmicb.2017.01490.

53. Sanders M.E., Morelli L., Tompkins T.A. Sporeformers as Human
Probiotics: Bacillus, Sporolactobacillus, and Brevibacillus. Compr Rev
Food Sci Food Saf. 2003; 2(3): 101-10. doi: 10.1111/j.1541-4337.2003.
tb00017.x.

54. Jacquier V., Nelson A., Jlali M., Rhayat L., Brinch K.S., Devil-
lard E. Bacillus subtilis 29784 induces a shift in broiler gut microbiome
toward butyrate-producing bacteria and improves intestinal histomor-
phology and animal performance. Poult Sci. 2019; 98(6): 2548-54. doi:
10.3382/ps/pey602.

55. Muscettola M., Grasso G., Blach-Olszewska Z., Migliaccio P,
Borghesi-Nicoletti C., Giarratana M., Gallo V.C. Effects of Bacillus subtilis
spores on interferon production. Pharmacol Res. 1992; 26s2: 176-77. doi:
10.1016/1043-6618(92)90652-r.

56. Bortoluzzi C., Serpa Vieira B., de Paula Dorigam J.C., Menconi A.,
Sokale A., Doranalli K., Applegate T.J. Bacillus subtilis DSM 32315 Sup-
plementation Attenuates the Effects of Clostridium perfringens Challenge
on the Growth Performance and Intestinal Microbiota of Broiler Chickens.
Microorganisms. 2019; 7(3). doi: 10.3390/microorganisms7030071.

57. Grasso G., Migliaccio P, Tanganelli C., Brugo M.A., Muscettola M.
Restorative effect of Bacillus subtilis spores on interferon production in
aged mice. Ann NY Acad Sci. 1994; 717: 198-208. doi: 10.1111/j.1749-
6632.1994.tb12088.x.

Tocrynuna/Received 14.05.2024
Opobpena nociie penensuposanus/Revised 01.12.2024
Tpunsra k nyoaukamun/Accepted 24.02.2025

ABOUT THE AUTHORS

Valentina A. Belyavskaya, DSc, Professor, Leading Researcher, State Research Center of Virology and Biotechnology “Vector”,
Rospotrebnadzor (Novosibirsk, Russia). Author ID (Scopus): 6701653852.

Nadezda V. Cherdyntseva, DSc, Professor, Corresponding Member of the Russian Academy of Sciences, Head of the Laboratory of
Molecular Oncology and Immunology, Deputy Director, Cancer Research Institute, Tomsk National Research Medical Center, Russian
Academy of Sciences; Professor, Department of Natural Compounds, Pharmaceutics and Medical Chemistry, National Research Tomsk
State University (Tomsk, Russia). Researcher ID (WOS): C-7943-2012. Author ID (Scopus): 6603911744. ORCID: 0000-0003-1526-
9013.

Nikolai V. Litviakov, DSc, Professor, Head of Viral Oncology Department, Cancer Research Institute, Tomsk National Research
Medical Center, Russian Academy of Sciences; Researcher, Laboratory of Genetic Technologies of the Central Research Laboratory,
Siberian State Medical University of the Ministry of Health of Russia (Tomsk, Russia). Researcher ID (WOS): C-3263-2012. Author
ID (Scopus): 6506850698. ORCID: 0000-0002-0714-8927.

Anastasia A. Ponomaryova, PhD, Researcher, Laboratory of Molecular Oncology and Immunology, Cancer Research Institute, Tomsk
National Research Medical Center, Russian Academy of Sciences (Tomsk, Russia). Researcher ID (WOS): D-8734-2012. Author ID
(Scopus): 37116096000. ORCID: 0000-0003-2060-4840.

Elena V. Udut, DSc, Professor, Head of Central Research Laboratory, Siberian State Medical University of the Ministry of Health of
Russia (Tomsk, Russia). Researcher ID (WOS): 0-9807-2015. Author ID (Scopus): 6507329853. ORCID: 0000-0002-6104-4782.

AUTHOR CONTRIBUTIONS

Valentina A. Belyavskaya: study conception, data selection and analysis, editing of the manuscript, critical revision of the manuscript
for important intellectual content.

Nadezda V. Cherdyntseva: data selection and analysis, writing of the manuscript.

Nikolai V. Litviakov: data selection and analysis.

Anastasia A. Ponomaryova: literature review, editing.

Elena V. Udut: editing of the manuscript, critical revision of the manuscript for important intellectual content.

All authors approved the final version of the manuscript prior to publication and agreed to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any part of the work were appropriately investigated and resolved.

Funding

The study was supported by the grant of the Ministry of Science and Higher Education of the Russian
Federation No. 075-15-2021-1073.

Conflict of interests

Prof. Cherdyntseva N.V. is the Deputy Editor-in-Chief of Siberian Journal of Oncology. Prof. Litvyakov N.V.
is a member of the editorial board of Siberian Journal of Oncology. The authors are not aware of any other
potential conflicts of interest related to this manuscript.

162

SIBERIAN JOURNAL OF ONCOLOGY. 2025; 24(1): 150-163



OB30PbI

CBEOEHWUA OB ABTOPAX

BeasBckas BajenTHa AJleKcaHIPOBHA, TOKTOpP OMOIOTHYECKUX HayK, podeccop, Beayumii Hayunsiid corpyaauk, ®BYH «locy-
JApCTBEHHBII HAyYHBIH IIEHTP BUPYCOJOTUHU U OHoTexHonoruu “Bekrop” Pocorpednanzopa» (r. HoBocubupcek, Poceus). Author ID
(Scopus): 6701653852.

YepabinueBa Hage:xxaa BukTopoBHa, TOKTOp OMONIOTHUECKUX HayK, mpodeccop, wieH-koppecnonaeHt PAH, 3aBemyromas mabo-
partopueil MONEKyISIPHOH OHKOJIOTHH M MMMYHOIIOTHH, 3aMECTUTENb AupeKTopa, HayuHo-uccneqoBaTenbCKuii HHCTUTYT OHKOJIOTHH,
ToMcKuil HAIMOHAIBHBIN UCCIEN0BATEIbCKUI MEAUIIMHCKUI 1eHTp Poccuiickoit akagemun Hayk; mpodeccop Kadenpbl TpUpOIHBIX
coequHeHH, papmanieBTHKH U MeauuHcKoi xumun, ®ITAOY BO «HarmoHanbHbI HccaenoBaTenbecKuil TOMCKHIA ToCcynapCcTBEHHBIN
yausepeutet (T. Tomck, Pocenst). SPIN-kom: 5344-0990. Researcher ID (WOS): C-7943-2012. Author ID (Scopus): 6603911744.
ORCID: 0000-0003-1526-9013.

JlnTBsikoB Hukonaii BacuiibeBuy, TOKTOp OMOIOTHYECKHX HayK, mpodeccop PAH, 3aBenyronmii 1aboparopreii OHKOBHPYCOIOTHH,
Hayuno-uccnenoBarenbckuii MHCTUTYT OHKOJIOTUH, TOMCKUI HallMOHAJIBHBIM MCCIe10BaTeNbCKUM METUIIMHCKUN 1IeHTp Poccuiickoit
aKaJIeMWH HayK; Hay9HbIA COTPYIHHK Ja00paTOpUH FeHETHIECKUX TEXHOIOT Ui IEHTPAIbHON HAayYHO-HCCIEI0BATENILCKOH Tab0opaTopu,
OI'BOY BO «Cubupckuii rocynapcTBeHHBINH MEAUIMHCKAN yHUBepcuTeT» Mun3apasa Poccun (1. Tomck, Poccust). SPIN-kox: 2546-
0181. Researcher ID (WOS): C-3263-2012. Author ID (Scopus): 6506850698. ORCID: 0000-0002-0714-8927.

IlonomapeBa Anacracusi AjieKceeBHA, KaHAUIAT OMOIOTHUECKUX HAaYK, HAYYHBIN COTPYIHUK JTa00PATOPHX MOJIEKYIIIPHON OHKOJIOTHH
U UMMyHos10ruu, HayuHno-uccieoBaTenbckuii HHCTUTYT OHKOJIOTHH, TOMCKUIM HallMOHAJIbHBIN KCCIEA0BATEIbCKUI MEULIMHCKHUH LIEHTP
Poccuiickoii akagemun Hayk (. Tomck, Poccns). SPIN-kom: 3185-5606. Researcher ID (WOS): D-8734-2012. Author ID (Scopus):
37116096000. ORCID: 0000-0003-2060-4840.

Yayr Esnena BiaagumMupoBHa, TOKTOp MEAUIMHCKHUX HAYK, Tpodeccop, 3aBeayIomas eHTPaIbHOM HaydHO-HCCIIEA0BATEIBCKOM 1a00-
paropueii, PI'BOY BO «Cubupckuii rocyaapcTBeHHBIN MEIMIIMHCKHIN YHIBEpcuTeT» Mun3npasa Poceun (1. Tomck, Pocenst). SPIN-kom:
1713-8040. Researcher ID (WOS): 0-9807-2015. Author ID (Scopus): 6507329853. ORCID: 0000-0002-6104-4782.

BKINAL ABTOPOB

Bensisckas BanenTnHa AjlekcaHapoBHA: pa3paboTKa KOHLEMIUK HAYYHOH paboThl, HOA00p U aHANU3 JINTEPATyPHBIX HCTOUHHKOB,
PEIAaKTHPOBAHUE CTAThH C BHECEHHEM LIEHHOTO HHTEIIEKTYaIbHOTO COEPIKAHMSI.

Yepabiauesa Hage:xxna BukropoBHa: 06paboTka pe3yinbTaToB UCCIIEN0BAaHMUS, TOA00P U aHAIM3 JIMTEPATYPHBIX HCTOYHHKOB U 00-
paboTKa TaHHBIX, HATHCAHHUE CTAaThHU.

JInTesikoB Hukonaii BacuibseBnu: nog0dop 1 aHanu3 IUTEpaTypHbIX HCTOYHUKOB.

ITonomapeBa AHacTtacusi AllekceeBHA: 0030p JIUTEPATYPBI, PEAAKTHPOBAHME.

Yayr Enena BraguMupoBHa: pefakTUpPOBaHUE CTaThU C BHECEHUEM IIEHHOTO MHTEIIEKTYalbHOTO COJEPKAHUSL.

Bce aBTopbl 0100pHiM GUHAIBHYIO BEPCHIO CTAThH Nepe MyOInKaIMel, BBIpa3uili COrIacHe HECTH OTBETCTBEHHOCTD 33 BCE aCIIEKThI
PpaboThI, MOIPa3yMEBAOLIYI0 HAAIeXKalllee N3yYeHHe 1 PEeLIeHHe BOIPOCOB, CBA3aHHBIX C TOYHOCTBIO M JOOPOCOBECTHOCTBIO JIFO0OM
yacTu padoThI.

QDunancuposanue

Paboma noooepocana eparnmom Munobpuayku PD Ne 075-15-2021-1073.

Kongpnuxm unmepecos

Aemop Yepovinyesa H.B. (0okmop 6uonoeuueckux Hayk, npogeccop, unren-koppecnonoenm PAH) siensem-
¢ 3amecmumenem 2nagno2o pedaxmopa « Cubupckozo oHKoar02u4ecko2o scypuaiay. Aemop Jlumesxos H.B.
(Ookmop buonozuueckux Hayk, npogeccop PAH) ssnaemcsa unenom peoxonnecuu « CubUpCcKo2o OHKONO2ULECKO20
ACYPHANAY. ABMOPAM HEU38ECMHO O KAKOM-TUO0 OpYeOM NOMEHYUATTbHOM KOHIUKMe UHmMepecos, C8A3AHHOM
€ amotl cmamvel.
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